Outcomes in Cardiac Rehabilitation:
The use of the Six-Minute Walk Test,
the Timed Up and Go Test, and the
Effects of the Frequency of Program
Delivery.
Robyn Nicole Bellet
BPhty, MPH
School of Allied Health Sciences
Griffith Health

Submitted in fulfilment of the requirements of the degree
Doctor of Philosophy

August 2013

Last updated June 16, 2014

Statement of Originality

This work has not previously been submitted for a degree or diploma in any university.
To the best of my knowledge and belief, the thesis contains no material previously
published or written by another person except where due reference is made in the
thesis itself.

(Signed)_____________________________
Robyn Nicole Bellet

i|Page

Acknowledgements
I wish to acknowledge and thank the many people and organisations that contributed
to this body of work. Without their generous support, assistance, advice and patience
this research project would not have been possible nor would the writing of the thesis
and subsequent publications have been achieved.

Firstly, I wish to thank my co-workers Rebecca Francis BPhty, Justin Jacob BPhty,
MPhty, and Karen M. Healy BNurs, Post Grad Dip Health Sc, who were enthusiastic
about the development of this research project in the community cardiac
rehabilitation service. Without their initial support, this project would not have made
it to first base. Their ongoing assistance and that of Professor Norman R. Morris
BAppSc Physio, PhD, and Harry Bartlett BSc PhD, was invaluable in the project design
and development of the initial grant application and ethics proposal.

I am indebted to Julie Hulcombe, Director of the Allied Health Workforce and
coordination unit (AHWACU) and AHWACU for their generous support of this project
through the Queensland Health Community Rehabilitation Workforce Project
Community Rehabilitation Research Scheme Grant, 2007 ($50,000). I work full time in
a senior management position, as Director of Physiotherapy at the Prince Charles
Hospital and services, and without access to this grant, the project would have stalled
due to a lack of personnel for data collection and blinding of the assessors for the
randomised control trial. Additionally, feedback from an unknown panel member of
the review panel for the grant application was the catalyst for me enrolling in a higher
ii | P a g e

research degree. I had previously enrolled in a research degree in the early 1990s, but
had deferred due to a pregnancy and subsequent family issues. To undertake a
research degree has always been a goal I wished to pursue, and this prompt from the
AHWACU reviewer was enough to see me enrol at Griffith University.

AWACU has also supported me with a scholarship to write up the thesis through the
Queensland Health Allied Health Postgraduate Scholarship Scheme 2012 ($38,939.06).
This generous grant has provided dedicated, consistent, uninterrupted time to
concentrate on writing and finalise the thesis in a timely manner.

My line manager, Mark Butterworth, Executive Director of Allied Health at the Prince
Charles Hospital, is a great supporter of allied health research. He has assisted in my
research by allowing me to work 40 hours in 4 days, which has given me one full day
once a week to focus on the research. Prior to this being approved the write up phase
was progressing very slowly due to an inability to commit enough free ‘think time’ to
the objective. Thank you Mark - this has been amazing. On that note I thank my staff
at the Prince Charles Hospital who have been supportive of me working in this manner
and have adjusted to my absence on Fridays, especially the Deputy and Assistant
Directors of Physiotherapy who ‘carry the can’ if I am not there.

From the outset, my principal supervisor Professor Norman R. Morris BAppSc (Physio)
PhD has been a wonderful mentor and support. He has provided expert supervision,
advice, problem solving, and discussion around problematic issues, mentorship and
friendship over the years of the project, calmly and gently guiding my ideas, plans and
iii | P a g e

writing. He has provided timely and considered review and correction of the research
proposal, data analysis, confirmation documents, conference presentations, and
multiple reviews of the research manuscripts and of course this thesis. Without
Norm’s supervision, encouragement and hard work this body of work would not have
been completed. I am indebted to Norm and thank him whole-heartedly and sincerely
for everything he has done and for his kind friendship throughout the years.

My associate supervisor Professor Lewis Adams BSc, PhD, enthusiastically reviewed
and discussed the initial research proposal with Norm and myself. Lewis reviewed my
confirmation documents and seminar and provided me with expert supervision,
including advice, review and correction of the research manuscripts. Lewis also kindly
provided editorial review for this thesis. His considered views have always been
welcome, providing insights and clarification around problematic concepts and issues.
I am grateful to Lewis and thank him very much for the work he has done on my behalf
and for his support and contribution to this body of work.

I wish to thank Harry Bartlett BSc PhD for his ongoing support during this research
degree. Harry has provided me with regular expert advice on data analysis and has
reviewed and edited the manuscripts and their many versions. His careful and
thoughtful consideration of the data and its presentation has been a wonderful boon
to the project.

Without appropriate research assistance for data collection and patient management
and flow the project would have floundered. Rebecca Francis BPhty, Justin Jacob
iv | P a g e

BPhty MPhty, Karen Healy BNurs Post Grad Dip Health Sc, Tracey Ward BPhty, Kylie
Neighbour BPhty and Thomas Sellwood BNurs were invaluable in their dedication to
this, and they ensured that the agreed processes were adhered to and data recorded.
In addition, Rebecca Francis, Justin Jacob and Karen Healy reviewed multiple
manuscripts and provided feedback on the content. Rebecca also assisted me with
collecting data from the CR-database in preparation for analysis of this part of the
study. These colleagues are a great team and I wish to express how much I appreciate
their assistance. Research assistance was also provided by Nicole Sabapathy BPhty,
who kindly checked the accuracy of my data transcription into excel spreadsheets.

I was fortunate to receive advice on critical appraisal methodology from Leanne Bisset
BPhty MPhty (Sports Phty) MPhty (ManipPhty) PhD and also from Dr Ian Yang MBBS
(Hons) PhD FRACP Grad Dip Clin Epid on meta-analysis and the use of Review Manager
(RevMan) ([Computer program] Version 5.1. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2011). This support was invaluable in the
processing of data for the systematic review and greatly enhanced the final article. I
would also like to thank Suzanne Kuys BHMS (Ed) BEdSt PGDPubHth BPhysio (Hons)
PhD for being an examiner for my confirmation and for providing helpful suggestions
as to the forward planning of the project. Further, Suzanne kindly provided editorial
review of this thesis manuscript in its final stages. I wish to thank her for her expert
guidance and for her support throughout the process. I wish to thank James Walsh
BPhty for being my study ‘buddy’ throughout the process as he has also undertaken a
research PhD over the same period. I thank him for his encouragement,

v|Page

congratulations, commiserations, and the laughs – it has been wonderful to share the
highs and the lows.

I would also like to thank the journal editors and reviewers who reviewed the
submitted manuscripts that emanated from this thesis. Each expert reviewer provided
valuable critical analysis and suggested improvements to the presentation of the data.
These changes greatly assisted in the clarity and focus of the final product. What a
wonderful process peer review is! The journals that provided this support were
Archives of Physical Medicine and Rehabilitation, Physiotherapy, Journal of
Cardiopulmonary Rehabilitation and Prevention, and the European Journal of
Preventative Cardiology.

Lastly, but by no means least, I wish to thank my family for their support. My mother
and father, Yvonne and Graham Davison have always encouraged and supported me to
pursue my interests. The value they placed on education has given me the drive to do
this. I thank my lovely daughter Jacqueline Bellet for being so patient in waiting for
meals to appear (or in the end learning to provide her own) and for being nondemanding of my time while I spent many hours behind a computer. I also thank my
late husband, Shane Bellet, who was always supportive of whatever I wanted to do
and was happy if I was happy. Although this research started and finished since his
death, Shane supported me through my MPH studies as an external student, and this
current body of work has given me a focus to assist with learning to be without him.
Here’s to you Shaney!

vi | P a g e

Acknowledgement of published papers
Chapters 2, 5 and 6 of the thesis include the details of three published papers while
Chapters 3 and 4 include papers that are currently under review. These papers were
co-authored with other researchers.

In the consideration of the naming and

recognition of authors and others who assisted in the research development,
adherence to The Griffith Code of Conduct for Responsible Conduct of Research, as
outlined in Sections 9.1 and 9.3 of The Griffith University Code for the Responsible
Conduct of Research (“Criteria for Authorship”) occurred.

My contribution to each co-authored paper, and the contribution of each co-author, is
outlined at the front of the relevant chapters. All people named in the papers as
assisting in the research project provided written permission for their names to be
included in these publications; email or SMS records of these permissions are provided
in Appendix H. The bibliographic details for these papers are:
Chapter 2: The 6-minute walk test in outpatient cardiac rehabilitation: validity,
reliability and responsiveness: a systematic review. Bellet RN, Adams L, Morris NR.
Physiotherapy. 2012; 98 (4):277-287.
Chapter 3: Can cardiac rehabilitation be effective with fewer exercise sessions? 6minute walk distance outcomes in fast-track versus traditional cardiac rehabilitation.
Bellet RN, Francis RL, Jacob JS, Healy KM, Bartlett HJ, Adams L, Morris NR. (In review).

vii | P a g e

Chapter 5: Repeated 6-minute walk tests for outcome measurement and exercise
prescription in outpatient cardiac rehabilitation: a longitudinal study.

Bellet RN,

Francis RL, Jacob JS, Healy KM, Bartlett HJ, Adams L, Morris NR. Archives of Physical
Medicine and Rehabilitation. 2011; 92 (9):1388-1394.
Chapter 6: Timed up and go tests in cardiac rehabilitation: reliability and comparison
with the six-minute-walk-test. Bellet RN, Francis RL, Jacob JS, Healy KM, Bartlett HJ,
Adams L, Morris NR. Journal of Cardiopulmonary Rehabilitation & Prevention 2013; 33
(2):99-105.

Copies of the included papers are in Appendix A.
Appropriate acknowledgements of those who contributed to the research but did not
qualify as authors are included in each published paper.

(Signed) _________________________________
Robyn Nicole Bellet

(Countersigned) ___________________________
Supervisor: Norman R. Morris

viii | P a g e

Abstract
Symptom-limited exercise stress tests are recommended for all patients prior to
engagement in cardiac rehabilitation (CR)1. However, exercise testing prior to CR has
not been common practice in Australia or Britain2

3

where the 6-minute walk test

(6MWT) is commonly used as a measure of functional capacity, to estimate training
requirements, and for outcome measurement. However, there are no established
guidelines for the use of the 6MWT in coronary heart disease (CHD) patients and the
reliability, validity and responsiveness of the 6MWT in CR are not well determined.
While 6MWT guidelines for the pulmonary population demonstrate an increase in the
6MWT distance (6MWD) with repeated 6MWT measurement4 it is unknown if
repeated 6MWTs are required in CR.

Furthermore, barriers to patient participation in CR are many3 5 6 7 8 and the ability of
CR programs to adhere to established guidelines, within available budgets, is reported
to be low3 9. It is therefore expedient to examine alternative outcome measurements
and to review aspects of CR delivery in order to deliver similar results while utilising
fewer resources.

Five studies were undertaken to address aspects of these issues.

Study 1

systematically reviewed the literature for evidence of the validity, reliability, and
responsiveness of the 6MWT in CR. Fifteen articles met inclusion criteria. Meta-
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analysis indicated strong evidence that the 6MWT was responsive to change in clinical
status following CR, with an estimated mean difference in 6MWD of 60.4m.
Qualitative analysis indicated moderate evidence for the repeatability of the 6MWT,
with a 2-8% learning effect between repeated 6MWTs at the commencement of CR;
for a relationship between peak heart rate during 6MWT and during cycle exercise at
ventilatory threshold; and for a moderate to high correlation between the 6MWD and
maximum metabolic equivalents achieved on symptom limited exercise test.

The second study examined the outcomes of a CR-model with fewer exercise sessions
against those achieved in a traditional model in a randomised controlled trial (RCT) of
61 patients.

Fast-track and traditional treatment groups undertook supervised

exercise training for six weeks and all subjects received home exercise advice. Fasttrack included once weekly exercise sessions and a one off 7-hour education session;
traditional included twice-weekly exercise and education sessions.

6MWD was

assessed and secondary outcome measures were collected at one week prior to
commencement (pre-CR), one week prior to completion of CR (post-CR) and at six
months following completion of CR (6-months post-CR). Similar 6MWD outcomes
occurred for fast-track and traditional groups. While fast-track subjects worked more
hours than the traditional group (p<.05), they were less likely to complete CR. Women
were more likely to drop out of CR and more women dropped out from fast-track than
from the traditional group. Other outcomes were not different between groups.
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The third study reviewed prospectively collected data for 620 CR patients as recorded
in a CR-database. 6MWD was assessed pre-CR and post-CR. Subjects were not
randomised to treatment groups, rather they were allocated to, or they self-selected,
the fast-track or the traditional model of CR. Analysis of three years of data found no
significant difference in 6MWD outcomes between treatment groups pre-CR to postCR. However, improvements in 6MWD post-CR were found to be greater for men than
women (8% versus 5%, respectively, p<.001).

The fourth study assessed the requirement for repeated 6MWTs for outcome
measurement and exercise prescription in CR. Sixty-one subjects performed repeated
6MWTs (i.e. 6MWT1 and 6MWT2) pre-CR, post-CR and at 6-months post-CR. Repeat
6MWDs were strongly correlated, with a relative increase of 3-5% in 6MWD from
6MWT1 to 6MWT2 at each assessment point (p<0.001). Differences in walking speed
derived from 6MWD1 and 6MWD2 did not translate into differences in exercise
prescription.

One short duration test of functional capacity commonly used for outcome
measurement in patients with chronic disease but not previously examined in CHD, is
the timed up and go test (TUGT)10

11 12 13 14 15

. Study 5 tested the reliability of the

TUGT in CR, and compared TUGTs to the 6MWT for outcome measurement. Sixty-one
patients performed repeated TUGTs (i.e. TUGT1 and TUGT2) and 6MWTs pre-CR, postCR and at 6-months post-CR. Repeated TUGT times (TUGTTs) were strongly correlated
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at each assessment, despite a relative reduction in TUGTT of 5-7% between TUGT1 and
TUGT2 (p≤ .006). Relative decreases in TUGTT from pre-CR to post-CR and from pre-CR
to 6-months post-CR were similar to the increases found for 6MWDs over the same
assessment periods. Pearson’s correlation coefficient for 6MWD1 to TUGTT1 across all
times was -.60, p<.001 and the ICC (95% CI) for the speeds derived from averaged
6MWDs and TUGTTs was .65 (.54, .73) p<.001.

In conclusion, in CR one exercise session was found to be as effective as two exercise
sessions for changes in 6MWD at post-CR and 6-months post-CR assessments. Further,
our meta-analysis reported a mean estimated difference in 6MWDs from pre-CR to
post-CR of 60.4m and we found a single 6MWT was as effective as two repeated
6MWTs for outcome measurement and exercise prescription in CR.

We also

demonstrated that the TUGTT had similar relative changes with repeated testing and
over time to the 6MWD in the CR population.
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Thesis organisation
Chapter 1 provides a general introduction, including the background literature, the
statement of the problems addressed, and the overall project purpose and design. It
also contains an overview of the current scientific literature for cardiac rehabilitation.

Chapter 2 presents a systematic review of the literature exploring the validity,
reliability and responsiveness of the 6MWT in CHD patients participating in outpatient
CR.

Chapter 3 presents the results of a RCT comparing a fast-track CR-model to a
traditional CR-model in CHD patients participating in outpatient CR.

Outcome

measurements included the 6MWD, heart rate (HR), systolic and diastolic blood
pressure (SBP and DBP), waist circumference, body mass index (BMI), self-reported
physical activity, return to activities of daily living (ADL), return to work, and the level
of work duties provided by subjects at each assessment.

Chapter 4 describes the post-hoc analysis of three years of prospectively collected data
recorded in a CR-database for patients enrolled in fast-tack and traditional CR-models
in a community based CR program.
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Chapter 5 examines the repeatability of the 6MWT in CHD patients enrolled in
outpatient CR, with 6MWTs conducted pre-CR, post-CR and at 6-months post-CR,
respectively), and questions the requirement for repeated 6MWTs in this population.

Chapter 6 examines the repeatability of the TUGT in CHD patients at pre-CR, post-CR
and at 6-months post-CR assessments in an outpatient setting, and compares this test
to repeated 6MWTs. This chapter also provides the background literature for the use
of the TUGT in chronic disease populations.

Chapter 7 provides a summary and synthesis of the thesis findings. This chapter
integrates the thesis findings with other research outcomes, particularly those
published since the conception and undertaking of this project. In drawing conclusions
based upon this discussion, the chapter makes recommendations for current clinical
practice and future research.
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Chapter 1 – General introduction
This chapter provides a general overview of the burden of disease associated with
cardiovascular disease (CVD) and coronary heart disease (CHD) and includes background
literature examining the role, benefits and barriers to delivering cardiac rehabilitation
(CR). Subsections of the chapter discuss the role and benefits of physical activity for
primary and secondary prevention and the role of exercise training and exercise-related
outcome measurement in CR.

1.1

Coronary heart disease: definition and burden of disease

Cardiovascular disease, including heart, stroke and vascular disease, is the leading cause of
death in industrialised countries16. In Australia, CVD accounts for 18% of the overall
disease burden, is the leading cause of hospitalisation (6%)17 and utilises a greater
proportion of the recurrent health budget than any other disease group (11%)17.

Coronary heart disease, a subset of CVD, is described as an alteration of the coronary
blood flow such that oxygen and nutrient requirements of the heart muscle are not
adequately met. This occurs due to fatty plaque formation causing narrowing and partial
or complete coronary arterial blockages18. The most common presentations for this
disease are angina pectoris, often referred to as ‘angina’, and myocardial infarction (MI) 18.

1

CHD is an important focus for government health improvement strategies not only
because CHD is the most common form of heart disease but more importantly because
the disease is “frequently fatal and largely preventable” 19.

The major risk factors for CHD are well described. These include cigarette smoking, low
fruit and vegetable intake, high alcohol use, hypertension, diabetes mellitus, sedentary
lifestyle, male gender (below 70 years of age), obesity, high plasma levels of low-density
lipoprotein, low plasma levels of high-density lipoprotein, emotional stress and genetic
pre-disposition16 20 21 22.

Australia’s Health 2012, based upon the most recent National Health Survey (2007-08),
estimated the prevalence of CHD in Australia to be 2-4%. Further, CHD has been reported
to be responsible for 16% and 14% of all deaths that occurred in Australia during 2009 17
and 201121, respectively. Higher rates of death from CHD occur in patients who are
socially disadvantaged, as shown in Figure 1, and in those isolated from goods, services
and social interactions, such as indigenous Australians, and those in regional and remote
communities17 19 23 24 25.
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Figure 1: Death rates for CHD

These graphs depict the death Rates for CHD, comparing rates for the United Kingdom (UK), United States of America,
and Australia and for unskilled and professional workers in the UK. (Copied from “Coronary heart disease: national
service framework for coronary heart disease – modern standards and service models” 19).

Whilst the improvement in mortality from CVD over the past twenty to thirty years is well
documented, demonstrating a 70-76% improvement in the age-adjusted mortality for
CVD20
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, the overall prevalence of CVD (% of population with the disease) has not

reduced26. The recent increased prevalence of obesity, diabetes and metabolic syndrome
(i.e. the presence of three of the following five factors: central obesity, hypertension, low
high-density lipoprotein and high triglycerides and impaired fasting glucose) in developed
countries threatens this previous improvement16 27. In the United States of America (USA)
a staggering 70% of adults and 34% of children are reported to be obese (body mass index
> 25 kg.m-2)27 and in Australia, the risk of developing CHD is high, with 60% of adults
categorised as obese, 54% not engaging in regular physical exercise, 30% having high
blood pressure, 20% smoking and 8% diagnosed with diabetes 23.

3

Further, despite having achieved a rapid decline in CVD death rates since 1980, Australia
still lags behind other Organisation for Economic Co-operation and Development (OECD)
countries when it comes to death rates from CVD. Currently Australia has the 8th lowest
CHD death rate amongst the 29 OECD countries with comparable data18. By comparison,
Japan has the lowest death rate from CHD and Australians have a three fold greater risk of
dying from CHD than people living in Japan17.

1.2 What is cardiac rehabilitation?
In the World Health Organisation (WHO)’s 1993 report, “Needs and action priorities in
cardiac rehabilitation and secondary prevention in patients with CHD”, CR is defined as:
“.. (T)he sum of activities required to influence favourably the underlying cause of
the disease, as well as the best possible, physical, mental and social conditions, so
that they (people) may, by their own efforts preserve or resume when lost, as
normal a place as possible in the community. Rehabilitation cannot be regarded as
an isolated form or stage of therapy but must be integrated within secondary
prevention services of which it forms only one facet” 28.
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1.2.1 The role and benefits of cardiac rehabilitation
Prior to 1988, statistically significant lower mortality rates in patients attending CR had
only been demonstrated in one trial29. At this time, two important meta-analyses, one by
Oldridge et al. 1988 and the other by O’Connor et al. 1989 demonstrated a 20-25%
reduction in overall mortality following exercise-based CR in patients following MI29

30

.

The first of these meta-analyses included 4,347 patients, across 10 randomised controlled
trials (RCTs), with a 24-month follow up. The pooled odds ratios with 95% confidence
limits (95% CI) were .76 (.63 to .92) for all-cause mortality and .75 (.62 to .93) for CVD
mortality in the CR attendees compared to the control group 29. The second meta-analysis
included 4,554 patients, across 22 RCTs, with an average follow up period of three years.
The pooled odds ratios (95% CI) for fatal MI at one, two, and three years in the CR
attendees compared to the control group were .67 (.48, .94), .73 (.54, .97), and .75 (.59,
.95), respectively. However, no significant difference in the occurrence of non-fatal MI
was found between CR attendees and non-attendees in either analysis29 30.

Around the same time, in 1989 Hamalainen et al. published the 10-year follow up results
for a group of post-MI patients who were randomised to either a multifactorial CR
program or to medical follow up only31. A significant reduction in sudden deaths and
coronary mortality was demonstrated in the CR intervention group when compared to
those attending medical follow up only. This difference, while most significant during the
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first three years post-MI, persisted and remained significant out to the 10-year follow up
(Figure 2)31.

Figure 2: Cumulative coronary mortality following CR

Graph is copied from Hamalainen et al 1989 31.

In 2001, Hedback et al.32 reported improved morbidity outcomes in patients following
coronary artery bypass graft (CABG) who participated in CR compared to a control group.
Improvements occurred in the number of patients who suffered a cardiac event, the total
number of cardiac events, and the mean time to the first cardiac event post-CR, the
number of readmissions to hospital, and the total number of days in hospital. However,
mortality, the number of non-fatal MIs, and the number of revascularisation procedures
were not significantly different between the CR group and the control group32.
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As a consequence of these landmark studies, The World Health Organisation Expert
Committee Report stated in 1993:
“Cardiac rehabilitation should be an integral component of the long term,
comprehensive care of cardiac patients … (and) ...cardiac rehabilitation programs
or services should be available to all patients with cardiovascular disease”33.

This recommendation by the WHO has resulted in CR being included in the health
planning strategy of most westernised countries2 19 23 34 35 36. The WHO recommendations
are now over 20 years old, and while it may be argued that medical advances during that
time have made CR less relevant, a 2011 Cochrane Library review37 provides strong level
one evidence for the continued benefits of CR. This review analysed the results of 74 RCTs
of 10,794 patients and reported on the results of pooled data for subjects undertaking
exercise-based CR compared to usual care. Subjects in the exercise-based CR group were
reported to have reduced overall mortality, reduced cardiovascular mortality and reduced
hospital admissions with a relative risk (95% CI) of .87 (.75, .99), .74 (.63, .87) and .69 (.51,
.93) respectively over a 12-month follow up period. Other studies (2003-2004) of patients
with CHD participating in exercise-based CR demonstrated a reduction in cardiac
mortality, all-cause mortality and the need for repeated percutaneous coronary
intervention of 26-31%, 35% and 13%, respectively5

38 39 40

. One of these, an Australian
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observational study, demonstrated 35% lower five-year mortality in patients who had
undergone CR when compared with patients who had not undergone CR 39.

Rather than abandoning CR, recent updated guidelines have been released incorporating
standards for CR service provision41 42 43.

1.2.2 Core components of cardiac rehabilitation
Current guidelines encourage patients and their carers to accept CHD as a chronic disease
and commit to the necessity of on-going self-management41. Best practice guidelines are
in agreement that CR should include multi-disciplinary education, exercise training,
psychological support, and support for smoking cessation, healthy eating and gradual
return to normal ADL, including work and general physical activity2 3 41 44 45.

Traditionally, the two major components of CR, exercise and education, are delivered in
two to three sessions each week over a six to 12 week period, with the exercise
component comprised of 30-60 minutes of aerobic and resistance training2 32 44 45 46.

In addition to providing an environment which supports psychological and social function,
CR training sessions allow the safe monitoring of patients as they return to usual physical
8

activities and work2. An increase in physical activity and exercise training is recognised to
be at the very core of CR47 and importantly, both aerobic and resistance exercise training
is reported to be safe in the CR population2 41 42 44 45.

1.2.3 Cost-benefit of cardiac rehabilitation
CHD patients are high users of the hospital system. One report emanating from the UK
found 25% of CHD patients required hospitalisation during a 12-month period48. Much of
the health expenditure for this patient group is due to the provision of medication, and
the use of invasive diagnostic and treatment procedures17.

Whilst there are clear mortality and morbidity benefits demonstrated by CR provision, the
cost-benefit of implementation of a comprehensive program requires consideration. In
two studies exploring cost-benefit, one Australian and one British, costs were reported as
$1,933 (AUD)49 and £282.7250 per patient, respectively. However, despite this relatively
small expenditure per patient, the same UK study found there was a reduction of 1.09
hospital nights per patient associated with CR attendance and in a population of 539,698
people, CR freed up 13,700 bed nights with a net saving of £2,720,000 per year51. The
suggested cause of the bed savings were improvements in the general health of CR
participants and closer patient monitoring mitigating the need for emergent medical care
and hospital admissions48.
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Similarly, a recent systematic review reported on three studies that demonstrated that
exercise-based CR was more cost-effective than usual care52. One study found exercise to
result in significantly greater event-free survival and to cost half as much as stent
angioplasty while another found that exercise rehabilitation provided a saving of $415 per
patient over conventional care and provided an improved quality of life52. This same
systematic review examined the cost-effectiveness of physical exercise as an intervention
in chronic disease (based upon a reduction in health care costs or utilisation) and found
exercise intervention to be more cost-effective in CR than in most other chronic
diseases52. Interestingly, different models of CR delivery were not found to improve costeffectiveness e.g. home-based versus centre-based; high-frequency exercise program
compared to usual care (10 versus two sessions.week-1) for six weeks; and distribution of a
CR program over 12 months as opposed to over three months52.

Based upon these studies, we suggest that there is a need to ensure that programs are
effective in providing the stated benefits of CR while minimising the cost of program
delivery.
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1.2.4 Barriers to care
The benefits of CR are well accepted, however, reports examining CR programs in the UK
and Australia indicate that while programs provide the core components of CR including
exercise, education and relaxation, there is a lack of adherence to established guidelines
for CR delivery41

43 53

. Further, these reports indicated that many programs are not

evaluated with appropriate exercise parameters, quality of life, psychological or
psychosocial indicators41 43 53.

Poor resourcing, despite the relatively small budget estimated to be required to provide
CR3, has been cited as one reason for the lack of adherence to standards3 41 53 in the UK
and in Europe9. It may be that these funding shortfalls widen as future demand for CR
increases due to the aging population and as the effects of government shifts in funding
for health care become known54.

The participation rates for patients eligible to attend CR are low, perhaps because of the
barriers to establishing such programs. Participation rates are driven by several factors
including referral patterns, patient uptake rates and patient completion rates (or dropout
rates). Poor referral patterns to outpatient CR exist, and patient uptake and completion
rates for patients that enrol in CR are low 3 5 6 7 8. For example in Europe and the UK, only
30-50% of eligible patients were found to participate in CR 9 41.
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In 2003, a Queensland study by Scott et al. reported that of 15,186 patients discharged
with cardiac diagnoses from 24 public and seven private Queensland hospitals from July
1999 to June 2000, only 49% of the 8,895 patients that would have been eligible for CR
were in fact referred to CR5. Scott et al. also demonstrated very low completion rates in
Queensland, with less than a third of those patients commencing CR completing the
progam5. Perhaps because of the high dropout rate found in this study, Scott et al.
reported that only 39% of the then available Queensland CR places were fully filled. This
represents a considerable underutilisation of Queensland CR programs5 and although
internationally one study in the USA reported completion rates as high as 50%8, this still
does not represent a good utilisation of the available resources.

Referral patterns and participation rates also vary depending upon a patient’s diagnosis.
Reports indicate that of patients eligible for CR, those undergoing CABG are the most
likely to be referred5

6 7 9

, while women, older patients and those belonging to ethnic

minorities are less likely to be referred55. For participation rates, only six to 10% of
percutaneous coronary intervention (PCI) patients participate in CR, while 14-23% of
patients following an MI, and 33-56% patients post-CABG participate in CR3.
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The patients who fail to complete CR have been shown to have higher depression and
anxiety scores with lower quality of life at baseline than those completing the program 8.
In addition the patients who dropped out were younger (59.2 compared to 63.2 years
old), and more likely to be female (55% of women compared to 48% of men), to have
chronic heart failure and less likely to have undergone CABG 8. Other patient-attributable
barriers to CR attendance include lack of motivation, less positive attitudes, inadequate
third party re-imbursements, difficulty accessing programs (geographic or transport
issues), general health issues including ‘feeling unwell’, requirement for domestic duties,
being unemployed, a current smoker, a non-driver, aged 70 years or over, or having
comorbidities that limit exercise participation6 55 56.

While effectively engaging those patients eligible for care, another important factor to
consider is the identification of those eligible patients who would benefit most from
attending CR. Studies indicate that subjects with low functional capacity and those over
65 years benefit most from CR57 58 and these factors are integrally related to some of the
barriers to care noted6 55 56.

1.2.5 Alternative models of cardiac rehabilitation delivery
The current underutilisation of CR has led to the development of alternative models of CR
with an emphasis on improving patient participation, reducing costs and providing care
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that is more accessible for patients7

55 59 60

. Several such alternative models have

emerged including home-based care, telephone and internet coaching. Each of these
alternative models advocate regular independent exercise as part of lifestyle
modifications7 55 59 60.

Home-based CR, has been reported to have greater patient uptake rates than a centrebased-CR6. In 2007 one of the more comprehensive studies by Jolly et al., compared a 12week home-based CR program that included one individualised education session, an
education manual, three home visits and one telephone call, with a nine to 12-week
centre-based CR program consisting of once to twice-weekly education, relaxation and
circuit-class sessions in a multi-centre trial6. Patients were followed up at six, 12 and 24
months post-program for smoking cessation, blood pressure, total and high-density
lipoprotein cholesterol, exercise capacity measured by the incremental shuttle walking
test, psychological status measured by the Hospital Anxiety and Depression Scale, selfreported diet, physical activity, cardiac symptoms and quality of life. In addition, costs of
the two CR programs were compared and the reasons given for patients not adhering to
the physical activity guidelines were measured by questionnaire6. The results of this study
indicated that there was no significant difference between the home-based and centrebased CR programs delivered in the study for any of the clinical outcomes measured.
Health service costs were higher for the home-based program compared to those for the
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centre-based program6. Reasons given by participants for not adhering to the physical
activity guidelines were multifactorial and dependent upon the individual 6.

Telephone coaching on its own has also been examined and appears to be an emerging
model, especially in those areas with low population and urban development 61. In 2003 a
large Australian trial (N=792) by Vale et al. found a greater improvement in coronary risk
factors, at 6-month follow up, in subjects randomly allocated to telephone coaching and
usual care (including referral to outpatient CR) compared to subjects who were allocated
to usual care alone62. Similar numbers of patients in each group participated in CR (53%
and 57% respectively). Telephone coaches provided five telephone sessions over 24
weeks (with a call duration ranging from five to 200 minutes) and developed an
individualised risk factor profile and target for each participating subject62. Another
Australian study of a telephone based health-coaching model, the ProActive Heart Trial, epublished in 2012 has provided encouraging results63.

In this study, Hawkes and

colleagues63 recruited 430 subjects during hospitalisation following a MI, and randomly
allocated subjects to either a usual care or health-coaching treatment group. Healthcoaching included ten 30-minute scripted telephone calls over a 6-month period. Healthcoaches guided subjects through an individualised risk factor identification, goals setting
and self-management. Similar to Vale et al.’s in 2003 study results, all subjects in both the
health-coaching and usual care groups were encouraged to attend centre-based CR, and a
similar CR participation rate occurred in each treatment group (27.7% and 28.9%
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respectively, NS)63.

Compared to usual care, health-coaching demonstrated

improvements in total cholesterol, low density lipoprotein cholesterol levels, mental,
social and emotional functioning, physical activity levels, body mass index (BMI),
vegetable and alcohol intake and anxiety levels at 6-month follow up63 64.

A study in acute coronary syndrome survivors who did not access CR, compared a patientcentred-modular program (consisting of a 1-hour initial consultation followed by multiple
phone calls over a 3-month period) to a usual care control group59. In the patient-centred
program, subjects were required to undertake three interventions based upon their
individual risk factors. Subjects were able to self-select two of the interventions while a
cholesterol lowering intervention was mandatory for all subjects.

This study

demonstrated a greater improvement in 12-month global risk and individual risk factors in
the patient-centred group compared to the control group, with the patient-centred group
achieving similar risk reduction to that seen in traditional CR 59. Interestingly, a recent
study of 38 subjects who undertook eight weeks of exercise training following an acute
MI65 demonstrated some interesting improvements in baroreceptor sensitivity and HR
variability for both centre and home based CR training. This study reported a shift away
from autonomic nervous system control back towards parasympathetic activity following
both centre-based (three weeks of in-hospital exercise training) and home-based exercise
training program. This shift toward parasympathetic activity provides a reduced risk of
ventricular arrhythmias for subjects65.
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However, other clinical issues pertaining to CR service delivery, that are unrelated to risk
factor modification, are also important to consider. Although home-based care was found
to be effective in the modification of risk factors for CHD 59, it is not known if home-based
care provides the mortality and morbidity benefits that have been demonstrated in
centre-based CR. Meta-analyses have suggested that exercise-based CR is required to
produce the cited reduction in cardiac and all-cause mortality38

66

, and that this benefit

appears to be independent of the type of cardiac diagnosis, CR exercise model, exercise
dose, length of follow up and trial quality66 67. Currently, although promising results have
been demonstrated, there is insufficient evidence to claim morbidity and mortality
benefits in home-based and telephone coaching models of delivering CR59 61 62 63 64.

1.3 The role and benefits of physical activity in cardiac rehabilitation
Exercise training, and an increase in overall physical activity, is seen by the European
Association of Cardiovascular Prevention and Rehabilitation, to be the precursor of
improvements in self-confidence, socialisation, quality of life, cardiovascular risk factors,
the ability to return to work and usual ADL, while reducing the risk of future cardiac
events and promoting longer, and higher quality survival 47. Further, it is recognised that
long-term adherence to exercise is important for the amelioration of risk and to therefore
improve the morbidity and mortality of patients following cardiac events2 68.
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1.3.1 Physical activity in primary prevention: morbidity and mortality
Encouragement and advice on the safe implementation of physical activity is a core
component of CR47. The aim of exercise training, which is considered a subset of physical
activity, is to individualise a gradual increase in overall energy expenditure, while enabling
a patient to develop or regain an active lifestyle and return to their usual ADL and work 41.
Physical activity guidelines provided for the general population are also applicable in the
CHD population41 69.

It has long been recognised that regular physical activity is important for primary
prevention of CHD in the general population70 71. Current physical activity guidelines for
the general adult population from the British Association of Sport and Exercise Sciences
recommend the utilisation of between 800 and 1,200 kcal (or 3,349 - 5,023 kJ) each week
by participation in 150 minutes or more of moderate, or 75 minutes of vigorous, intensity
aerobic activity combined with two or more muscle strengthening sessions each week 72.
The guidelines for physical activity in adults are similar in Australia 69. Physical activity
recommendations for older adults are no different to those for other adults except that
vigorous activity is not recommended unless the individual has been accustomed to this
type of activity throughout his or her life69.
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A dose-response interaction between physical activity and health has been proposed72,
with an increase in activity being associated with improved blood pressure, lipid and
lipoprotein levels, inflammatory markers, insulin sensitivity and other risk factors for
chronic diseases.

Physical activity to the recommended levels imparts a 20%–30%

reduction in the risks of CVD, type II diabetes, depression and all-cause mortality72.

Not unlike the benefits of physical activity reported in the normal population, exercise
capacity, as measured by peak oxygen uptake (VO2peak), is a powerful prognostic marker
for cardiac mortality in men and women following a CHD event73 74.

1.3.2 Physical activity in secondary prevention: morbidity and mortality
Research has found VO2peak to be a strong predictor of cardiac and all-cause mortality73 74
and these mortality benefits seem to be true following exercise-based CR irrespective of
the type of CHD diagnosis or cardiac procedure, the type of CR provided or the dose of
exercise intervention66.

In the large (N greater than 12,000), long-term study (follow up period of four to 29 years)
in men, Kavanagh and colleagues demonstrated, using univariate and multivariate
analyses, that VO2peak values of <15, 15 to 22, and >22 ml kg-1.minute-1 produced hazard
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ratios of 1.00, .62, and .39 for cardiac mortality, and 1.00, .66, and .45 for all-cause
mortality73. Similarly, in women (follow up period of .four to 25 years), a VO2peak of
greater than or equal to 13 ml kg-1.minute-1 gave a 50% reduction in cardiac mortality
(hazard ratio .5, p= .001) and for every 1 ml kg-1.minute-1 increase in initial VO2peak, there
was 10% lower cardiac mortality74. Age produced a hazard ratio of 1.04 in men and was
not a significant predictor of cardiac mortality in women at all. The other predictors of
poor outcomes reported for these CHD patients were smoking, diabetes, antiarrhythmic
therapy and digoxin use73 74.

Kavanagh et al.’s 2002 and 2003 work73

74

highlights the importance of exercise capacity

and consequentially physical activity, as an important modifiable risk factor in patients
with CHD. The following section will explore exercise training and assessment in the CR
population.

1.4 Models of exercise training in cardiac rehabilitation
In order to increase physical activity and to therefore mitigate the risk associated with
poor exercise capacity, exercise training has been identified as a major component of CR
provision2 41 42 44 45 73 74. In spite of similar expectations of all CR programs, the models of
CR delivery, vary between services and countries depending upon the health system,
funding models, and the exercise training models chosen 3 42 44 75.
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1.4.1 Traditional exercise training models in cardiac rehabilitation
The British and Australian guidelines recommend utilisation of functional capacity
assessment tools such as the shuttle test76 and the 6MWT77 from which to assess exercise
capacity and to prescribe exercise2 3 78. In these two countries, exercise training sessions
are recommended to be of 1-hour duration, two to three times each week for six to eight
weeks, using low to moderate exercise intensity (Table 1)2 3 and include light resistance
training of a single set of 10-15 repetitions for all muscle groups, combined with regular
education sessions. However, in parts of Europe and the USA67 75 79, following an initial
cardiopulmonary exercise test, programs often provide higher exercise intensity and
volume than would be implemented in Australia and the UK, while also utilising more
costly equipment such as electrocardiograph (ECG) monitoring systems.
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Table 1: Methods of determining training level in CR
Exercise training level

Low
Moderate
High

Rated perceived exertion
(BORG)
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Perceived breathing
rate

% Maximal heart rate
from symptom limited
exercise test

Fairly Light

Sing

50-60

Somewhat hard

Talk

60-75

Hard (heavy)

Gasp

75-85

No exertion at all
Very, very light
Very light

Very hard
Very, very hard
Maximal exertion

Correlation of exercise training levels to accepted determinants of exercise intensity.

The European guidelines provide similar overall exercise prescription recommendations to
those in the UK and Australia (i.e. resistance training two times.week-1 and aiming for
150min or activity each week with an energy consumption of 1,000–2,000 kcal.week-1)75.
However, the European guidelines recommend peak or symptom-limited exercise testing
following a cardiac event, and recommend patients’ initial training intensity to be based
upon these tests, training at 50%-70% maximum work load achieved at maximal oxygen
uptake (VO2max)75. These guidelines also recommend ECG monitoring for most patient
groups during CR75. Further, while not mandatory, the European guidelines recommend a
4-week in-hospital CR program for high-risk patients, such as those with left ventricular
dysfunction, in-hospital complications or other co-morbidities75.

In Switzerland and

Sweden these expanded live-in CR programs incorporate up to two hours of exercise each
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day and included patients post-MI or post-CABG with normal or reduced left ventricular
function79 80. In Norway several CR programs are reported to provide moderate to high
intensity exercise, incorporating interval training up to an intensity of 85%-95% of peak
heart rate (HR), or 15 to 17 on the Borg scale (see Table 1), and include a greater number
of training sessions (an average of 37)67. In other European countries, for example
Belgium, CR programs include 2-3 months of exercise training81.

In the USA, symptom-limited or submaximal exercise testing has been common practice
prior to discharge in patients following an MI for risk stratification, to establish a safe
exercise training intensity for CR, and as an outcome measurement for patient review 1 82.
The difference between the American and the European guidelines is in the volume of
exercise recommended. The American guidelines suggest slightly more frequent formal
aerobic exercise sessions (three to five days each week), at a higher maximum intensity
(80% of exercise capacity), and with a greater volume of resistance training (20-60
minutes, two to three days each week and including one to three sets of eight to 10
different upper and lower body exercises)42. Interestingly, the USA congress recently
legislated that physicians must supervise all CR programs83.

The law requires the

physician to lead and prescribe exercise, risk factor modification, psychological
assessment and outcome assessment83. The role of this medical director is to provide
oversight of the CR program, ensure the quality of the program, assess all patients for
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appropriate enrolment into CR, develop and be the signatory to all treatment plans, and
be present during each exercise session 83.

While high intensity training recommended and used in parts of Europe and the USA may
be suitable for many CR patients, not all programs have the capacity to provide this level
of service due to the costs associated with initial cardiopulmonary exercise testing and
those associated with medical supervision and ECG monitoring of patients during high
intensity training49

84

.

Indeed, cardiopulmonary exercise testing requires access to

appropriate space and personnel 85 86, therefore increasing the resource requirements of
CR programs that incorporate this type of initial test. Further, research has demonstrated
that patients who did not undergo an entry exercise stress test were safely progressed in
terms of their exercise capacity during participation in a supervised and ECG monitored
12-week CR program when compared to those who completed an exercise stress test86.
Moreover, a RCT compared high intensity to low intensity exercise training (the latter
defined in this study as two one-hour classes a week of light calisthenics and intermittent
exercises) and reported similar results at 12-month follow up, for metabolic equivalents
achieved on symptom limited exercise stress test, for measures of psychological
functioning, and for quality of life87.

Currently, in Australia, high intensity training is only recommended for those with
physically demanding jobs or younger patients wishing to return to very active pursuits2.
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It is worth noting that greater supervision is required in high intensity training as
arrhythmias may be more common2 3. Further, high intensity training has been reported
as a barrier to CR participation for the elderly, obese and for some women2.

The following section explores the current literature supporting alternative exercise
training models utilised in CR.

1.4.2 Alternative cardiac rehabilitation exercise models
In healthy adults, adaptations to aerobic exercise training (10%-20% increase in aerobic
power) occur within four to 12 weeks with participation in three 30-minute sessions each
week46. Consequently, CR programs have traditionally conducted two to three supervised
exercise sessions each week (including 30-60 minutes of aerobic and resistance training
each session) for six to 12 weeks duration. Further, such programs traditionally also
recommend that patients perform regular independent, home exercise sessions to
supplement these sessions2 3 32 44 45 46 88.

However, physical adaptation to exercise training has been demonstrated with relatively
little exercise training in an aged and de-conditioned population89 and replacing 30minutes.day-1 of sedentary behaviour with light exercise in people over 66 years of age,
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has been related to better physical health 90. It is also recognised that shorter bouts of up
to 10 minutes of exercise are also beneficial in patients with low fitness levels45.

The frequency of CR exercise session delivery has been explored in one study that
reviewed the outcomes following random allocation of subjects to either 10 (high volume)
or two (low volume) exercise sessions each week91. Sessions were of two hours duration
and continued for six weeks. Both programs delivered similar results for VO2peak, and
maximum work, however, the higher frequency program provided greater improvements
in ventilatory anaerobic threshold and quality of life91.

In another study, subjects were randomly allocated to one of two groups, following an
initial month of CR, during which all subjects participated in a facility-based and ECG
monitored training program including three exercise sessions each week 84. The first group
continued with three ECG monitored exercise sessions each week for six months while the
second group discontinued ECG monitoring in the fifth week and subjects were gradually
weaned to receiving telephone follow up and education sessions only. The second
program was found to require 30% less staff to implement, cost significantly less ($738
USD per patient) and achieved similar outcomes for lipid management, maximal oxygen
uptake improvement and haemodynamic changes. Further, adherence and program
participation was greater in the reduced training program 84.
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Exercise volume was examined in a further study comparing 40-minute and 60-minute
training sessions, three days each week for seven weeks92. The smaller exercise volume
was reported to be as effective as the larger volume for physiological and behavioural
outcomes92. Similarly, outcomes assessed at 12 months following a live-in CR program
with 10 exercise sessions over a five day period were not different from 12-month
outcomes achieved following an ambulatory program consisting of 45 minutes of physical
exercise, twice-weekly over three months79.

In summary, it appears that CR programs that incorporate a lower volume of exercise
training are as effective as programs with greater volumes of exercise when the number
of training weeks is kept the same84 91 92. In addition, a more intense, shorter CR program
did not provide improved outcomes compared to usual care79.

To further explore

alternative models of exercise training in CR, Study 2 in Chapter 3 compares a CR-model
with a very low frequency of supervised exercise sessions to a traditional CR-model where
exercise and education are provided twice-weekly for one hour each session.

1.5 Exercise-related outcomes in cardiac rehabilitation
Evaluation of program effectiveness through the measurement of individual patient
clinical outcomes and the collection of data on program service performance is seen as a
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key requirement of CR services2 41. The evaluation of CR program service performance is
frequently made by process audits against guidelines, morbidity and mortality data, and
by individual patient completion of exercise stress tests 2

3 38 41 44

. Minimum data sets

have been developed in countries such as Australia and the UK 93 94 to enable comparisons
between programs and to allow collection of data in national databases for audit
purposes. The minimum data set items do not however, evaluate physiological change
following CR, nor do they provide any measure of morbidity or mortality post-CR.

While morbidity and mortality outcomes provide the strongest outcome measurement for
CR and can be very effective in population or large cohort studies, it could be argued that
the small number of deaths and hospitalisations that occur during and in the short period
usually assigned for follow up following a CR program, make morbidity and mortality
outcomes inconclusive and ineffective as an outcome measure for individual program
audit and review.

Cardiopulmonary exercise stress tests are the gold standard for accurately determining
cardiorespiratory fitness, for determining physiological and pathophysiology responses to
exercise, and for evaluation of cardiovascular risk and prognosis in CHD population 1

85

.

Cardiopulmonary exercise stress tests therefore provide a good alternative to morbidity
and mortality review and allow individual patient outcomes measurement. However, it
has been demonstrated that CR can be safely administered without an initial exercise
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stress test while still achieving similar outcomes as when an initial exercise stress test was
administered86. Further, exercise testing prior to CR has not been common practice in
Australia or Britain2

3

and the most recent revision of the American Heart Association’s

scientific statement, Clinical Recommendations for Cardiopulmonary Exercise Testing Data
Assessment in Specific Patient Populations published in 2012, no longer includes post-MI
or CABG patients amongst those patient groups requiring cardiopulmonary exercise
testing. Instead it highlights the need for cardiopulmonary exercise testing in cardiac
patients with congenital heart disease, heart failure or unexplained and exceptional
dyspnoea85. Moreover, as noted in subsection 1.4.1, cardiopulmonary exercise stress
tests are often impractical in many settings due to the unavailability of equipment, trained
staff, and the requirements for medical supervision, especially if the only purpose of the
test is to allow admission into CR 86.

Regardless of the requirement for, and ability to provide, cardiopulmonary exercise
testing prior to CR participation, it is important to have an appropriate measurement of
patient exercise or functional capacity at the initial assessment for exercise prescription
and outcome measurement6
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. There appears to be three requirements of exercise

outcome measures, namely that the test employed is a suitable outcome measurement
for research and program evaluation, that it is linked to morbidity and mortality, and that
it can provide sufficient information to enable accurate exercise prescription. Apart from
cardiopulmonary exercise testing, which meets all these requirements47

73 74

, functional
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capacity assessment tools, including the shuttle test and the 6MWT, are often used in the
CR setting as a measure of exercise capacity, to estimate training requirements, and as an
outcome measurement for research and program evaluation2 3 41.

1.5.1 Functional capacity measures
Two functional capacity measures that will be considered in more detail in this thesis are
the 6MWT and the TUGT.

The six-minute walk test
A measure of functional capacity, the 6MWT, has been shown to correlate well with
exercise capacity, as measured during cycle ergometry or corridor walking, in subjects
with chronic heart failure (CHF) and chronic obstructive pulmonary disease (COPD)77

95

.

Moreover, the 6MWD in heart failure was reported to be predictive of 1-2 year mortality
and morbidity96 97.

The 6MWT has been well documented for use in the pulmonary population 4

98 99

and

guidelines for its use in this context exist4. The test has been widely employed in the
pulmonary rehabilitation setting where it has been recommended that at least two
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6MWTs are performed at initial assessment due to increasing distance with subsequent
tests98 99.

While the 6MWT is recommended as an outcome measure by CR guidelines2

3

and by

some government health departments44, there are no recognised guidelines for
performing 6MWTs in the CR population; current use of the 6MWT is derived from the
pulmonary rehabilitation literature. Current American Thoracic Society (ATS) guidelines
for the 6MWT4 suggest that while repeated 6MWTs should always be considered in the
respiratory population, only a 5.8% difference occurs between repeated tests. At present,
it is unclear if repeated testing for 6MWTs is required in the CR population, and therefore
based upon the respiratory guidelines, repeated 6MWTs would be recommended 4.

A systematic review of the literature around the use of the 6MWT in the CR population is
provided in Study 1, Chapter 2. Appendix E provides detailed instructions for 6MWT
performance as used in this thesis.

Other measures of functional ability have not been assessed in the cardiac population
although anecdotally one such test, the TUGT100, has been used clinically, especially in
more debilitated CR populations such as patients at risk of falling, those with severe heart
failure and those with complex congenital heart disease.
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The timed up and go test
Independent predictors of gait speed are reported to be leg strength, VO 2max, body weight
(R2 = 26%), and depression (CES-Depression scale) (partial r= -.37)101. Lord and Menz102
reported that strength, maximal balance range, medication use and age explained the
largest proportions of the variance in the 6MWD noted in retirement village residents
aged 62-95 years. Other significant predictors of 6MWD reported by Lord and Menz were
visual contrast sensitivity, lower limb simple reaction time, postural sway, a positive score
on the Positive and Negative Affect Schedule, SF-36 pain score and SF-36 general health
subscale score102.

A functional test often used in rehabilitation populations is the “up and go” test first
described by Mathias et al. in 1986103 and later modified to be the “timed up and go” test
100

. Evidence in the literature for the reliability, reliability over time, validity, the time

taken for performance of the test and the effect size of the TUGT in chronic disease
populations other than CR has been provided as an introduction to Study 5 at the
commencement of Chapter 6.
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1.5.2 Measuring functional capacity outcomes in cardiac rehabilitation
Measurement of change in functional capacity in CR participants has usually been noted in
terms of absolute or percentage change104 105 106 107 108 109 110 111 112. While comparison of
cohort results using absolute or percentage change will be less impacted by the effects of
individual differences in a large cohort, the interpretation of results using these measures
of change in smaller cohort trials may be swayed by the differences in the initial scores.
One method of interpreting change that has been described in the literature to
standardise the magnitude of change and thus allow comparison across programs and
measures, is the effect size. Another method is the minimal clinically important difference
(MCID).

Effect size
Effect size provides a standard measure of the magnitude of change within a group, and is
calculated using the formula [(mean initial scores – mean follow up scores)/standard
deviation (SD) of initial scores]104. This test statistically allows for the variability of
subjects at commencement and was designed to demonstrate clinically relevant, rather
than statistically significant, changes113. Cohen proposed that a medium effect size (i.e.
.50 when assessing independent means) would be clinically noticeable113.
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Minimal clinically important difference
In clinical studies, it is important to differentiate between a change that is statistically
important and one that is clinically relevant. In an effort to quantify the amount of change
that would make a difference to patient function, investigators have developed measures
such as the minimal detectable change (MDC95%), the percentage of minimal detectable
change (MDC95%%), and the MCID. Mesquita et al. published in 2013 argue that intra class
correlation (ICC) is a measure of relative consistency while standard error of the mean
(SEM) is a measure of absolute consistency114. Further, Mesquita et al. refer to the
MDC95% as “the smallest amount of difference needed to be considered real” 114, while in
2011 Gremeaux et al. described it as the “amount of change required to exceed
measurement variability”115.

Mesquita et al. describe the standard formulae for MDC95% =
MDC95%% =
SEM =

; and for

, where,

√

114

.

In contrast to the MDC95%, which is about overcoming measurement error, the MCID is a
patient experience driven measure. The MCID is defined as “the smallest difference in
score in the domain of interest which patients perceive as beneficial and which would
mandate, in the absence of troublesome side effects and excessive cost, a change in the
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patient’s management”115. This measure is therefore context driven i.e. it is only relevant
to a particular patient population during a specific stage of recovery or disease.
Determination of MCID is performed by either anchor-based or distribution-based
methods115. Anchor-based methods compare an observed external measure to another
known measure of clinical change. Distribution-based methodology includes calculation
of the SEM and effect size. Gremeaux et al.’s 2011 study115 used both anchor and
distribution based methods to determine a MCID for 6MWD in CR, with the anchor based
methods being compared to a change greater or equal to “slightly better, meaningful”.
One-way analysis of variance (ANOVA) comparisons were made between the mean scores
of those subjects who achieved or did not achieve a “meaningful change”.

The

calculations were completed for both patient and physiotherapist assessment of the
change. The distribution method defined SEM as

√

, where,

is the

baseline SD, and r is test-retest reliability115.

Interestingly, there was little agreement between patients and physiotherapists in their
assessment of what constituted meaningful change for a subject (Cohen

coefficient =

.17). Using the anchor method, this study found that subjects who reported improvement
post CR showed a mean (SD) change of 23.2 (34.8)m compared to a mean change in those
who said they had worsened of -6.5 (31)m115. Gremeaux et al.’s 2011study reported that
the initial mean (SD) 6MWD of subjects reporting improvement and those who did not
were not difference 491 (55)m and 486 (56)m, respectively)115. These authors determined
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that the MCID for 6MWD in patients following a recent acute coronary syndrome was 25m
with positive and negative predictive values of 0.9 and .63 and a sensitivity of .41 and a
specificity of .95 (area under the receiver operating characteristic curve, 0.7 with a 95% CI
of .55 to .81)115. This is similar to the MCID for 6MWD to that defined for subjects with
diffuse parenchymal lung disease and COPD116.

1.6 Determining exercise intensity for exercise prescription
As stated previously, the gold standard method of determining exercise intensity is with a
symptom limited exercise stress test 85. Using an exercise stress test, maximal or symptom
limited maximal exercise capacity can be determined.

Training exercise intensity is

typically set at 50-80% of the maximal exercise capacity determined by an exercise stress
test1 3 45 104 105 109 111 112, and at a level lower than ischaemic threshold 45.

Although current guidelines for CR2

3 41 44

and the ATS Statement: guidelines for the

6MWT4 do not describe methods of prescribing exercise using the 6MWD, the use of the
6MWD to prescribe exercise intensity in the pulmonary rehabilitation literature is well
documented117 118.
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In CR, the use of the 6MWD for exercise prescription appears less widely used, with only a
single study to date reporting the use of this measure to prescribe exercise intensity111. In
2001 Tallaji et al.111 described converting 6MWD, obtained at an initial 6MWT to a
metabolic equivalent level, and applying this to prescribe individual CR patient’s initial
training exercise intensity. However, as a cardiopulmonary exercise test is not deemed
necessary for low to moderate intensity exercise as practiced in Australia and the UK2 50 41,
many CR patients do not have cardiopulmonary exercise tests prior to CR participation. In
these instances exercise intensity and program outcome evaluation for patients are
determined using tests such as the 6MWT2

41 50 111

. It could therefore be argued, that

while not widely published or recognised, initial exercise intensity will in practice be
determined based upon response to the 6MWT and modified according to ratings of
perceived exertion (RPE), HR and blood pressure responses.

1.7 Thesis aims
The overall aims of this thesis were to explore the evidence for, and add clarity to, the role
of the 6MWT in CR; to explore the use of another commonly used functional outcome
measure, the TUGT in the CR population; and to examine the effectiveness of an
alternative model of CR delivery by reducing the frequency of program delivery.

37

The thesis project plan (Figure 3) addresses four research questions:
1. What is the reliability, validity and responsiveness of the 6MWT in the CR
(primarily the CHD) population? In answering this question, we conducted a
systematic review of the literature and examined the specific effect size for the
6MWT reported in the CR literature, and explored factors reported to affect
patient performance of the 6MWT in this population.

2. Is a very low frequency, ‘fast-track’, CR program comprised of a single exercise
session each week and a single 7-hour education session at the commencement of
the program as effective as a ‘traditional’ program comprised of two exercise and
two education sessions each week? In answering this question, we examined
subjects enrolled in a RCT before and after six weeks of training and at 6-month
post-CR follow up, comparing differences in 6MWD and questionnaire-based
secondary outcome measurements for the two CR-models.

Further, we reviewed the pre-CR and post-CR 6MWD outcomes for these two CRmodels for all patients whose data had been recorded prospectively in a CRdatabase over a 3-year period of program delivery to test the hypothesis in a real
life scenario.

38

3. Are repeated 6MWTs required at the initial and subsequent assessments for
outcome measurement in CR and following a 6-month follow up period? In
answering this question, we examined if a single 6MWT was sufficient for outcome
measurement and to determine exercise intensity in the CR population.

4. Is the TUGT a reliable test in the CR population? In answering this question, we
determined if the TUGT was sensitive to change following CR.

Further, we

examined the relationship of the TUGT to the 6MWT as a functional outcome
measurement and as a measure from which to determine exercise intensity in the
CR population.
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Figure 3: Thesis outline
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Chapter 2 – (Study 1): a systematic review of the sixminute walk test in outpatient cardiac rehabilitation:
validity, reliability, and responsiveness.

Although the 6MWT is commonly used in CR 3 44, there is a lack of guidelines available
on the appropriateness of its use in this population.

This chapter explores the

literature available on the validity, reliability, and responsiveness of the 6MWT in CR
by conducting a systematic review.

41

2.1 Statement of contribution to co-authored published paper

Permission to re-use the accepted author manuscript and the published journal article
was obtained from Rights Link and the license is in Appendix B. Permission to
acknowledge those who contributed to the research but did not qualify as authors in
the published paper is in Appendix H.
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2.2 Abstract
Background: The 6MWT is a common outcome measurement in CR; however, a
search of the literature found no guidelines established for the use of the 6MWT in CR.
Objectives: Systematically review the validity, reliability, and responsiveness of the
6MWT in CR. Data Sources: OvidMEDLINE, SPORTdiscus, EMBASE, CINAHL, Cochrane
Reviews, Cochrane Clinical Trials between January 1948 and April 2011. Eligibility
Criteria:

Studies using 6MWTs in subjects with coronary artery disease undergoing

outpatient-CR were included. Non-English-language articles were excluded. Study
appraisal and methods:

Quantitative and qualitative analyses were conducted

including, methodology quality assessment, meta-analysis, and assessment against
level of evidence criteria. Results: Fifteen articles met inclusion criteria. One high
quality study was identified for reliability, five for validity and eleven for
responsiveness.

Meta-analysis indicated strong evidence that the 6MWT was

responsive to change in clinical status following CR with an estimated mean difference
(95% CI, p-value) in 6MWD of 60.4m (54.6, 66.3, <.00001).

Qualitative analysis

indicated moderate evidence for the repeatability of the 6MWT in the CR population,
for a 2-8% learning effect between repeated 6MWTs, for a relationship between peak
heart rate during 6MWT and during cycle-exercise at ventilatory threshold and for a
moderate to high correlation between the 6MWD and maximum-metabolicequivalents achieved on symptom limited exercise test. Limitations: Few studies
assessed similar aspects of validity for the 6MWT. Conclusion: Strong evidence
suggests that the 6MWT is responsive to clinical change during CR outcome
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measurement. Intra- and inter-tester reliability of the 6MWT and its validity in the CR
population requires more research.

2.3 Background
Measurement of oxygen consumption during cardiopulmonary exercise testing
represents the gold standard for determining baseline functional capacity, training
intensity, cardiovascular risk, and for the evaluation of training outcomes in the cardiac
rehabilitation (CR) population1. However, the 6MWT, is frequently recommended 2
119

3

to estimate functional exercise capacity in CR rather than subjecting patients to an

exercise stress test. The primary outcome of the 6MWT, the 6MWD, is used both to
prescribe exercise training intensity111 and as an outcome measure for CR 104.

Despite common usage of the 6MWT in CR, guidelines for the use of the 6MWT in this
population were not found in a search of PubMed and CINAHL. Instead CR researchers
utilise guidelines developed for pulmonary patients4

45 104 105 107 115 120 121 122

. It is

unknown if the 6MWT is valid and reliable in the CR population and what changes in
6MWD would be expected following CR intervention.

Repeated 6MWTs are

recommended in the pulmonary77 98 99 123 and chronic heart failure (CHF) populations95
96

, although, a recent study suggests repeated 6MWTs are unnecessary in patients with

heart failure who walk less than 300m on an initial 6MWT 124.
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We therefore conducted a systematic review to examine the validity, reliability and
responsiveness of the 6MWT in the outpatient CR population.

2.4 Methods

2.4.1 Data sources
The first author conducted searches of OvidMEDLINE (January 1948 to March 2011),
CINAHL and SPORTdiscus (January 1997 to April 2011), EMBASE (January 1980 to April
2011), Cochrane Reviews (current), and Cochrane Clinical Trials (current) databases
using the search terms in Box 1. The ‘date of publication’ limitation varied between
the databases due to availability of library access.
(six min* walk or six-min* walk or 6 min* walk or 6-min* walk or 6MW* or 6-MW* )
and (cardiac rehabilitation or coronary artery disease or coronary heart disease or
heart valve) and (valid* or reliab* or distance or value or predict*) not (heart Failure)
not (lupus) not (multiple sclerosis) not (chronic obstructive pulmonary disease or COPD
or respiratory disease).
Box 1: Search question

2.4.2 Eligibility criteria
Trials using 6MWTs in subjects with coronary artery disease undergoing outpatient-CR
were included. We included clinical trials and observational studies that described
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repeated 6MWTs; comparing 6MWD to established reference tests and examining
6MWD pre- and post-CR. We excluded trials not available as full-text articles, not in
the English language, and in populations other than outpatient-CR.

2.4.3 Study appraisal and synthesis methods
The first author screened titles and abstracts of the identified articles for duplicates,
and adherence to inclusion and exclusion criteria. The reference lists of the included
articles were scanned for potentially relevant studies. The first author extracted and
tabulated the data from the included articles under the categories of reliability,
validity, and responsiveness and the third author confirmed this process.

In order to assess the quality of the extracted articles for reliability, validity and
responsiveness, Brink and Louw’s (2012) thirteen questions125, were combined with
additional criteria on responsiveness and reliability developed by Jerosch-Herold in
2005126 and May et al. in 2010 and 2006127

128

, capitalising on the strengths of each

tool. Questions were adapted to ensure a yes/no response 126 127. Studies scoring over
60% positive responses for methodology criteria relevant to the study type were
considered high in quality127, those scoring 41%-59% were assessed as moderate
quality, while studies scoring less than 40% were assessed as low quality. In scoring
the quality of the reliability studies, we omitted the criteria for intra- and inter-tester
reliability, as the methodology design of both reliability studies, did not include these
comparisons.

The first and third authors, blinded to one another, undertook
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assessment of each article against these criteria as shown in Table 2. Differences in
opinion between the two assessors were resolved through discussion and consensus.

Qualitative analysis was based upon the established level of evidence criteria in
Box 2127

129

and quantitative analysis was performed using Review Manager Version

5.1. (Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark).
The data was standardised by converting scores to mean differences and standard
errors to enable meta-analysis of 6MWD responsiveness. Data from subject subgroups
were included in the meta-analysis where whole of cohort figures were not available.
To further explore responsiveness of the 6MWD in CR, we calculated percentage
change and the effect size113 for the subjects (and sub-groups) of the studies based on
the mean and standard deviations for 6MWDs provided for the groups.

It is

recognised that the percentage change calculated is a grouped measure and may not
accurately reflect the true percentage change for the cohorts. Further, we examined
the data for evidence of the ability of the 6MWD to discriminate between subjects
based upon physiological factors.
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Strong

- Consistent findings from three or more high-quality studies

Moderate

- Consistent findings from at least one high-quality study and a
number of low-quality studies

Limited

- Consistent findings in one or more low-quality studies

Conflicting

- Inconsistent findings irrespective of study quality

No evidence

- No studies found

Box 2: Levels of evidence

2.5 Results
The search yielded 175 acceptable articles. Figure 4 outlines the flow of article
selection for analysis and the reasons for exclusions. The size of study cohorts varied,
with large subject numbers in retrospective studies57 104 108 110 and smaller numbers in
prospective trials106

109 121 122

. One article described a prospective study and made

comparisons retrospectively with data from patient files120.
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Figure 4: Flow diagram: Systematic review articles (Study 1)

Potentially relevant citations identified:

N = 175

35 Duplicates removed

16 full manuscripts
retrieved for detailed
evaluation

124 abstracts excluded:
85 - Not Outpatient CR population
36 - 6MWT not main outcome measure
2 - Not in English language
1 - Full-text unavailable

3 articles included from reference lists
4 articles excluded: Not in outpatient-CR population
15 full and relevant articles included in review

Table 2 shows the quality appraisal of the included articles.

Some studies were

assessed under more than one category, i.e. reliability, validity or responsiveness, and
the methodology quality of these studies varied depending upon assessment against
the appraisal criteria required for each study type.

One high quality study was

identified for reliability, five for validity and eleven for responsiveness.
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Table 2: Critical appraisal of articles for the 6MWT in CR
Questions

1

2

3a

4b

5b

6b

7a

8b

9a

10

11a

12

13

14 c

15

16

17

% Yes

Reliability Studies scored out of 10
Gayda* 2004121

Y

N

n/a

N/A

N/A

N

n/a

N

n/a

Y

n/a

N

Y

n/a

N

N

Y

40

Hamilton* 2000 120

Y

N

n/a

N/A

N/A

N

n/a

N

n/a

Y

n/a

Y

Y

n/a

Y

Y

Y

70

Validity Studies scored out of 12
Ades* 2003106

Y

N

N

n/a

n/a

n/a

Y

n/a

Y

N

N

Y

Y

n/a

Y

N

Y

58

Gayda* 2004121

Y

N

Y

n/a

n/a

n/a

N

n/a

Y

Y

Y

N

Y

n/a

N

N

Y

58

Gremeaux* 2011115

Y

Y

Y

n/a

n/a

n/a

Y

n/a

Y

Y

Y

Y

Y

n/a

Y

Y

Y

100

Gremeaux* 2009105

Y

N

Y

n/a

n/a

n/a

Y

n/a

Y

Y

Y

n/a

N

n/a

Y

N

Y

67

Hamilton* 2000120

Y

N

Y

n/a

n/a

n/a

N

n/a

Y

Y

Y

Y

Y

n/a

Y

Y

Y

83

Kristjánsdóttir*2000122

N

N

Y

n/a

n/a

n/a

Y

n/a

Y

Y

Y

n/a

N

n/a

Y

N

Y

58

Robert*s 2006107

Y

Y

Y

n/a

n/a

n/a

Y

n/a

Y

Y

Y

Y

Y

n/a

Y

N

Y

92

Verrill* 2003104

Y

N

Y

n/a

n/a

n/a

Y

n/a

Y

Y

Y

N

Y

n/a

Y

Y

N

75

Responsiveness Studies scored out of 9
Ades* 2003106

Y

N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

N

n/a

Y

Y

Y

Y

N

Y

67

Araya-Ramirez*201057

Y

N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y

n/a

N

Y

Y

Y

Y

N

67

Bittner 2000

Y

N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y

n/a

N

Y

Y

Y

Y

N

67

Gremeaux* 2011115

Y

Y

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y

n/a

Y

Y

Y

Y

Y

Y

100

Gremeaux* 2009105

Y

N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y

n/a

n/a

N

Y

Y

N

Y

56

Hung* 2004109

Y

N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

N

n/a

Y

Y

Y

Y

N

Y

67

Maniar* 2009110

Y

Y

n/a

n/a

n/a

n/a

n/a

n/a

n/a

N

n/a

N

Y

Y

Y

Y

Y

78

Rejesk*i 2002112

Y

N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y

n/a

Y

Y

Y

Y

Y

Y

89

Roberts* 2006107

Y

Y

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y

n/a

Y

Y

Y

Y

N

Y

89

Tallaj* 2001111

Y

N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y

n/a

N

Y

Y

Y

Y

N

67

Verrill* 2003104

Y

N

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y

n/a

N

Y

Y

Y

Y

N

67

Wright* 2001119

Y

Y

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Y

n/a

Y

Y

Y

Y

Y

N

89

*

108

Abbreviations: N, No; Y, Yes;, n/a, not applicable; grey shaded n/a, criteria not applicable for the study type; grey shaded N/A, inter- and
intra-tester criteria not applicable to the study design.
*
a

= et al. Please note all articles listed have additional authors to those listed. These were not included due to lack of space in the table.

Items relevant to validity;
types.

b

Items relevant to reliability;

c

items relevant to responsiveness; Items unmarked were relevant to all study

Questions (adapted from Brink and Louw (2012)125, Jerosch-Herold (2005)126, and May et al. (2010 and 2006)127 128 : 1, If human subjects
were used, did the authors give a detailed description of the sample of subjects used to perform the (index) test?; 2, Did the authors clarify
the qualification, or competence of the rater(s) who performed the(index) test?; 3, Was the reference standard explained?; 4, If interrater
reliability was tested, were raters blinded to the findings of other raters?; 5, If intrarater reliability was tested, were raters blinded to their
own prior findings of the test under evaluation?; 6, Was the order of examination varied?; 7, If human subjects were used, was the time
period between the reference standard and the index test short enough to be reasonably sure that the target condition did not change between
the two tests?; 8, Was the stability (or theoretical stability) of the variable being measured taken into account when determining the
suitability of the time interval between repeated measures?; 9, Was the reference standard independent of the index test?; 10, Was the
execution of the (index) test described in sufficient detail to permit replication of the test?; 11, Was the execution of the reference standard
described in sufficient detail to permit its replication?; 12, Were withdrawals from the study explained?; 13, Were the statistical methods
appropriate for the purpose of the study? 14, Does the instrument capture clinical change?; 15, Were subjects selected randomly or
consecutively?; 16, Were the number of subjects >50 or was a sample size calculation provided?; 17, Did subjects give consent prior to
testing?
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2.5.1 Reliability
Qualitative analysis of the reliability data was conducted as only two studies were
identified, precluding quantitative analysis. These two studies, shown in Table 3,
examined the repeatability of the 6MWT in CR 120
tester or inter-tester reliability126.

121

without addressing either intra-

One study120, assessed as high in quality,

demonstrated a strong test-retest reliability (ICC = .97) between repeated 6MWDs
however, a statistical difference was found for repeated tests between 6MWD1 and
6MWD2120 121 and between 6MWD2 and 6MWD3120. These differences were 4% to 8%
between the 6MWD1 and 6MWD2120 121 and 2% between 6MWD2 and 6MWD3120.
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Table 3: Reliability of 6MWT prior to CR
Reference

Gayda et al., 2004121

Hamilton and
120
Haennel, 2000

Sample
Size

Protocol

Test 1

Test 2

Test 3

% change
Test 2Test3

% change
Test 1-Test
3

ICC

Study
limitation

(SD)

% change
Test 1-Test
2

(SD)

(SD)

Unknown
timing of 2nd
6MWT
n/a

9

Repeated 6MWTs =2,
during CR.

462(78)

498(58)a

n/a

8

n/a

n/a

n/a

94

Repeated 6MWT =3,
pre-CR on nonconsecutive days.

521(112)b

539(114)b

550(122)

4

2

6

.97c

Abbreviations: 6MWT, six-minute walk test; CR, cardiac rehabilitation; ICC, Intraclass correlation; n/a, not applicable; SD, standard deviation.

a
b
c

p< .002, Test 1 versus Test 2
p< .001, Test 1 versus Test 2, Test 2 versus Test 3
ICC for Test 1 to Test 2, Test 2 to test 3
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2.5.2 Validity
Qualitative analysis of the validity data was conducted as the variety of reference tests
used for comparison with the 6MWT prevented quantitative analysis. Eight articles
assessed criterion-related validity of the 6MWT; however, the predictive, diagnostic
and prognostic validity of this test was not evaluated in any of the studies identified.
While only two studies indicated intent to assess the validity of the 6MWT, or clinical
observations during the 6MWT 107
assessment in CR104

120

, six articles used the 6MWT as part of patient

105 106 115 121 122

. Studies compared the 6MWT with a range of

reference tests, the most common of which were measurements taken during a
symptom limited exercise test105 107 115 120 121 122 and the physical function subscales of
quality of life questionnaires104 106 120. Pearson’s correlation coefficient was reported
in many of these studies; however, the 95% confidence limits for these coefficients
were not reported.
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Table 4: Validity of 6MWT in the CR population
Reference

Study Design

Ades et al. ,
2003106

Random controlled trial: 6 months
training in CR, 3 times.week-1.

Gayda et al.,
2004121

Validity Study: Expired gas analysis
during SLET & 6MWT

during
CR

Gremeaux et al.,
2011115

Prospective study: using distribution
and anchoring-based methods.
Training 8-weeks, 3 times.week-1

Gremeaux et al,.
2009105

Hamilton and
Haennel, 2000120

Kristjánsdóttir et
al., 2000122

Sex (n)

Age Years
(SD)

Diagnosis

6MWT
protocol

Standard test for
comparison

Men (0)
Women (33)
n=19 in
intervention group
Men (22)
Women (3)

73 (6)

CAD

Cress et al.
1996

SF-36 questions on:
‘walk a mile
‘walk a block’

6MWD, r=.54
6MWD, r= .38

60 (10)

CAD

Guyatt et al.
1985

6MWT peak oxygen uptake
SLET peak oxygen uptake
SLET Peak oxygen uptake
and heart rate at VT

pre &
post
CR

Men (77)
Women(4)

58 (8)

CAD

ATS 2002

Random cross over design: SLET
followed by 200m fast-walk Test or
6MWT. 6-weeks training, 3
times.week-1. 10 subjects performed
SLET with gas exchange to determine
VT

pre &
post
CR

Men (28) Women
(2)

52 (8)

CAD

ATS 2002

Validity and Reliability study: in CR
phase II and III.

pre &
post
CR

Validity Study: Comparison of SLET to
best of four 6MWTs at 3-months postsurgery

Time
of
Testing
pre &
post
CR

p-value

Study limitation

.0001
.009

Unknown LVEF% or
NYHA class

6MWD, r= .58
6MWD, r= .56
6MWT Peak oxygen
uptake and heart rate

n/a
n/a
NS

Cycle used for SLET

SLET Maximal METs on
treadmill

6MWD, r= .59

<.05

n/a

SLET peak heart rate, preand post- CR.

6MWT peak heart rate, =
78% (SD = 6%) of SLET peak
heart rate pre- and postCR.
6MWT peak heart rate

n/a

Cycle used for
SLET

< .001
< .001
< .001

Unknown timing of
6MWT relative to
SLET. Cycle or
treadmill used for
SLET

SLET heart rate at VT

during
CR

Men (61) Women
(33)

Men (6)
Women (4)

63 (10)

76 (6)

CAD, NYHA
Class: 1=78%
2=19% 3=2%

CAD
Post Cardiac
surgery

Comparison / Correlation

NS

Steele et al.
1996
(ACSM
1995)

DASI
Physical Function subscale
of SF-36
SLET Maximum METs on
treadmill or cycle

6MWD, r= .502
6MWD, r= .624

Guyatt et al.
1984 &
1985

SLET maximum power SLET
maximum heart rate

6MWD, r=.93
6MWT maximum heart
rate, r=.64
6MWT maximum systolic
blood pressure, r=.52
6MWT Heart rate recovery
significantly improved in
each 30-second interval of
a 2-minute recovery period

< .001
< .009
< .038

Cycle used for SLET
Unknown NYHA
class and LVEF%

n/a

n/a

6MWD = No relationships
were found with any
domain

n/a

n/a

Roberts et al.,
2006107

Longitudinal cohort design. 6MWT and
SLET pre and post 8-week CR

pre &
post
CR

Men (20)
Women (10)

62 (9)

CAD, LVEF
>30%, NYHA
class 1- 3

ATS 2002

Verrill et al.,
2003104

Non-experimental, prospective,
comparative in multiple CR programs
across Nth Carolina

pre &
post
CR

Men (424)
Women(206)

61 (10)

CAD
4% CHF
1% Valve
Disease

Hamilton
and Haennel
2000

SLET maximum systolic
blood pressure
SLET Heart rate recovery
significantly improved in
each 30-second interval of a
2-minute recovery period
Subscales of the Ferrans
and QOLI, including the
Health and Function
domain

6MWD, r= .687

Abbreviations: 6MWT, six-minute walk test; 6MWD, six-minute walk test distance; ACSM, American College of Sports Medicin,; ATS, American Thoracic Society; CR, cardiac rehabilitation; CHF, congestive heart failure; CAD, coronary
artery disease; DASI, Duke Activity Status Index; LVEF, left ventricular ejection fraction; METs, metabolic equivalents; NS, not significant; NYHA, New York Heart Association Classification Class; QOLI, Powers' Quality of Life IndexCardiac Version III; r, Pearson’s correlation coefficient. SF-36, Short Form 36 Health Survey; SLET, symptom limited exercise test; VT, ventilatory threshold; x.week-1, times per week.
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Table 4 shows the details and limitations of the study designs with the comparisons
and associated statistical analyses performed.

The correlation of the 6MWD to

maximum power, oxygen uptake and maximum metabolic equivalents during
symptom limited exercise test was moderate to high (r=.56 to .93) in the four articles
reporting this data. The highest correlation was reported in a study we assessed to be
of moderate quality122 examining maximum power. The second highest correlation (r=
.69, p<.001) was reported in a high quality study120 which found a linear relationship
between maximum metabolic equivalents achieved at a symptom limited exercise test
(cycle or treadmill). Both these studies used the best of repeated 6MWDs, the former
the best of four122 and the latter the best of three120. All other studies reported on
comparisons with a single 6MWD.

Two trials examined peak heart rate in symptom limited exercise tests and in 6MWTs,
one moderate quality study reported a moderate correlation (r=.64, p<.009) 122 and the
other, assessed as high in quality105 reported that 6MWT peak heart rate was 78%,
SD=6%, of peak heart rate during symptom limited exercise tests. One high105 and one
moderate121 quality study reported a non-significant difference for heart rate assessed
at ventilatory threshold and during the 6MWT. The latter study also reported a
correlation of r=.56 between peak oxygen uptake during symptom limited exercise
tests and the 6MWD121.

Heart rate recovery was found to be similar following

symptom limited exercise tests and 6MWTs but this report failed to perform
correlation analysis107. A moderate quality study122 reported a moderate correlation
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(r=.52, p<.038) between blood pressure responses during symptom limited exercise
tests and 6MWTs.

Three moderate to high quality studies used quality of life questionnaires as reference
tests for validation of the 6MWT. Two studies reported moderate correlations (r=.54
to .62, p<.001)120

106

while the third study found no relationships with health and

function domains104.

2.5.3 Responsiveness
The ability of the 6MWT to detect change in clinical status over time and difference
between subject variables was explored in 12 studies. Four studies compared different
cohorts based upon sex, age, left ventricular ejection fraction (LVEF) and initial
6MWD57 110 111 112. One study reported an effect size for pre-CR to post-CR104. Eleven
studies reported data for pre-CR, post-CR 6MWDs and SD or mean difference and SDs
for inclusion in the quantitative analysis (see Table 5).
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Table 5: Reported responsiveness of the 6MWD pre-CR and post-CR
Study

N

Men

Women

Age

SD

6MWD
pre-CR

19

0

19

73

6

309

101

355

100

Entire cohort:

425

293

132

62

12

399

87

472

1st Tertile:

142

n/a

n/a

n/a

n/a

301

64

383

2nd Tertile:

141

n/a

n/a

n/a

n/a

410

18

3rd Tertile:

142

n/a

n/a

n/a

n/a

485

Subgroups
106

Ades et al., 2003

Resistance group:
57

Araya-Ramirez et al., 2010

108

Bittner et al., 2000

SD

6MWD
post-CR

SD

6MWD
Change

SD

% increase
in 6MWD

SD

Effect Size a

Test

p-value

.45

ANOVA

<.005

43

51

15

n/a

97

74

n/a

20

16.3

.84

Paired t-test

<.001

89

n/a

n/a

28

20

1.28

Paired t-test

n/a/

487

57

n/a

n/a

19

14

4.28

Paired t-test

n/a

37

548

58

n/a

n/a

13

10

1.7

Paired t-test

n/a

156

107

49

60

11

321

102

n/a

n/a

47

68

15

n/a

.53

Paired t-test

<.0001

Gremeaux et al., 2011115

81

77

4

58

9

n/a

n/a

n/a

n/a

73

57

16

12.2

n/a

n/a

n/a

105

30

28

2

52

9

490

33

552

76

63

56

13

n/a

1.9

Not stated

<.01

Aerobic training :

9

0

9

70

6

418

74

n/a

n/a

n/a

n/a

10

n/a

.56

ANOVA

<.05

Aerobic & Strength training:

9

0

9

71

7

438

110

n/a

n/a

n/a

n/a

10

n/a

.40

ANOVA

<.05

388

286

102

54

7

360

97

n/a

n/a

69

74

19

n/a

.71

Not stated

<.01

297

201

96

71

5

317

98

n/a

n/a

53

58

17

n/a

.54

Not stated

<.01

226

156

70

69

3

328

99

n/a

n/a

55

60

17

n/a

.56

Not stated

n/a

71

45

26

79

3

283

88

n/a

n/a

48

50

17

n/a

.55

Not stated

n/a

129

75

72

65

8

456

76

514

82

57

48

13

n/a

.76

t-test

<.001

Women:

72

0

72

n/a

n/a

426

67

486

75

60

39

14

n/a

.91

t-test

<.001

Men:

75

75

0

n/a

n/a

484

75

539

81

54

55

11

n/a

.73

t-test

<.001

30

20

10

62

9

486

114

553

112

n/a

n/a

14

n/a

.59

Paired t-test

<.001

50

33

17

61

10

286

89

n/a

n/a

74

70

26

n/a

.84

Paired t-test

<.01

129

84

45

61

11

329

99

n/a

n/a

50

63

15

n/a

.50

Paired t-test

<.01

206

0

206

n/a

n/a

328

80

379

79

n/a

n/a

15

n/a

.63

Not stated

<.001

424

424

0

n/a

n/a

386

90

444

92

n/a

n/a

15

n/a

.65

Not stated

<.001

159

103

56

62

9

315

76

377

79

62

53

20

n/a

.82

Paired t-test

<.001

Gremeaux et al., 2009
109

Hung et al., 2004

110

Maniar et al., 2009

<65 years:

b

≥65 years:
65-74 years:

d

75 + years:
112

Rejeski et al., 2002

107

Roberts et al., 2006
111

Tallaj et al., 2001

LVEF < 40%:
LVEF ≥40%:

104

Verrill et al., 2003

Women:
Men:

119

Wright et al., 2001

g

ef

Abbreviations: 6MWD, six-minute walk test distance; CR, cardiac rehabilitation; LVEF; left ventricular function; m, metres; N, number; n/a, not applicable; SD, standard deviation.
Age is in mean years; pre-CR, post-CR and change in 6MWDs are given as mean distances in metres, and where applicable 6MWDs were converted from feet to metres. p-values are for pre-CR to post-CR comparisons of 6MWD. Italics
indicate data calculated for this review.
a
b
c
d
e
f
g

Effect size was calculated by the authors using published data within the study and Cohen’s formula, except Verrill et al. (2003) where effect size was reported
p<.001 between groups for 6MWD in subjects aged < 65 years versus subjects aged ≥ 65 years at pre-CR assessment, t-test
p<.01 between groups for 6MWD in subjects aged < 65 years versus subjects aged ≥ 65 years at post-CR assessment, t-test
p<.001 between groups for 6MWD in subjects aged 65-74 years versus subjects aged 75+ years at pre-CR assessment, t-test
p<.008 between groups for 6MWD in subjects with LVEF < 40% versus subjects with LVEF ≥40% at pre-CR assessment, unpaired t-test
p<.07 between groups for 6MWD in subjects with LVEF < 40% versus subjects with LVEF ≥40% at post-CR assessment, unpaired t-test
p<.0001 between groups for 6MWD in men versus women, at pre-CR assessment and at post-CR assessment, ANOVA for repeated measures
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A meta-analysis of the data for 6MWD responsiveness was performed using random
effects analysis due to a high heterogeneity (60%) in the data. Figure 5 reports the
grouped estimate of the mean difference in 6MWD pre-CR to post-CR of 60.4m, with
95% CI of 54.6m and 66.3m, p<.00001. Table 5 also shows the values we calculated for
effect sizes and percentage change for the cohorts in italics. Effect sizes ranged from
.40 to 4.28 (mean = .96; median =.65) and the percentage change post-CR ranged from
10% to 28%. Pre-CR and post-CR 6MWD ranged from 301 to 489m and 377 to 555m,
respectively.

Figure 5: Forrest plot of the change in 6MWD following CR

The Forrest plot shows the mean difference in reported 6MWD pre-CR to post-CR.

2.6 Discussion
The 6MWT is a common outcome measure in CR, however, to our knowledge, we are
the first to systematically review the reliability, validity and responsiveness of the
6MWT in this population. Utilising meta-analysis, we found strong evidence that the
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6MWT is responsive to change in clinical status following CR and report a grouped
estimate of the mean difference in 6MWD following CR of 60.4m with 95% CI of 54.6m
to 66.3m. We found moderate qualitative evidence for the repeatability of the 6MWT
in the CR population, with moderate to high correlation between the 6MWD and
maximum metabolic equivalents achieved during symptom limited exercise test and
for a relationship between peak heart rate during the 6MWT and at ventilatory
threshold during cycle-exercise. Further, there is moderate evidence that a learning
effect occurs between repeated 6MWTs.

2.6.1 Reliability
Examining reliability, we found moderate evidence for the repeatability of the 6MWT
in the CR population (two trials, 103 subjects), demonstrating a 2%-8% change with
test-retest with a .97 ICC. Repeatability was assessed with two-repeated121, or threerepeated120 6MWTs, however, the timing of the repeated 6MWTs was not stated
clearly in either study, and may have been separated by several days120 121. We found
no evidence for inter-tester or intra-tester reliability of this test in CR (zero trials, zero
subjects).

2.6.2 Validity
In terms of validity, moderate evidence was found for moderate to high correlation
between the 6MWD and maximum metabolic equivalents achieved on symptom
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limited exercise test (two trials, 175 subjects) and moderate evidence for a relationship
between peak heart rate responses during 6MWTs and during exercise tests at
ventilatory threshold (two trials, 55 subjects).

Limited evidence was found for

comparisons with all other aspects of the exercise tests, including, peak heart rate
responses during symptom limited exercise tests and 6MWT (two trials, 40 subjects),
6MWD and maximum power on symptom limited exercise test (one trial, 10 subjects);
blood pressure responses in 6MWTs and those in symptom limited exercise tests (one
trial, 10 subjects); 6MWD and oxygen uptake during 6MWT and during symptom
limited exercise tests (one trial, 25 subjects).

Conflicting evidence was found for the relationship between 6MWD and quality of life
measures with moderate correlations reported in two trials (113 subjects) and no
relationship found in another trial (630 subjects). The difference in results could relate
to differences in subject numbers, the timing of comparisons made or to the tools
used. Verrill104 compared pre-and post-CR quality of life measures and 6MWD while
one study compared Short-Form-36 to pre-CR 6MWD alone120 and the other study, did
not describe the timing of the comparison 106.

The studies reporting moderate

correlations used the Short Form-36 Health Survey physical score106 120 while the other
used subscales of the Ferrans and Powers' Quality of Life Index Cardiac Version III104.
Others have reported greater body weight loss and improvement in Short Form-36
Health Survey physical score in subjects with a 23% or greater increase in 6MWD postCR when compared to those with 12% or less improvement 57. However, while this
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could be a factor the two studies reporting 6MWD changes both demonstrated a 15%
improvement104 106.

2.6.3 Responsiveness
Strong evidence of the ability of the 6MWT to demonstrate change in clinical status
was indicated. We report a mean difference in 6MWD following CR intervention (12
trials, 2487 subjects) of 60.43m with 95% CI of 54.57 to 66.3m and a percentage or
relative increase of 10% to 28%57

104 105 106 107 108 109 110 111 112 119

. Importantly, this

relative increase was one to 14 times greater than the increase that would be
expected by test-retest familiarisation alone120

121

. The mean difference in 6MWD

reported in our analysis is higher than the MCID of 25 to 27m reported for 6MWD in
subjects with coronary artery disease and in subjects with COPD99

115 116

and may

reflect a good response to CR training. To our knowledge, we are the first to report
6MWDs pre-CR and post-CR across a number of studies, providing a range of expected
pre-CR, post-CR 6MWDs for comparative purposes. Moreover, we have calculated
effect sizes to inform relative comparisons across programs. The largest effect size of
4.28 was reported in a subgroup57 demonstrating a narrow SD compared to other
groups (see Table 5 and Figure 5).

The high heterogeneity of the data reported in this review was explored, and when
data from two studies57
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and Maniar’s aged-less-than-65-years subgroup110 were

removed from the analysis the heterogeneity reduced to zero.

These studies
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demonstrated a high mean difference in 6MWD pre-CR to post-CR (69.3 to 73.9m) and
it is possible that differences in exercise dose between studies are the cause of this
heterogeneity. Two of these studies based training prescription on symptom limited
exercise tests and had high exercise doses, one reporting training sessions of 1.5 hours
duration115 and another reporting training continuing for up to 12 months57. However,
Gremeaux et al.’s earlier article105 reports on two hour training sessions and removing
this earlier article from the analysis increased heterogeneity. Another contributing
factor could be the potential to improve.

Maniar’s aged-less-than-65-years

subgroup110 had higher BMI than all other study cohorts and poorer waist
circumference, DBP, glucose control, and lipid profiles than Maniar’s aged-greaterthan-65-years subgroup. It is possible that exercise training in this subgroup had
greater ability to improve 6MWD than in other groups. It is interesting however, that
removing the Tallaj et al’s subgroup with LVEF of less than 40%111, this being the group
that demonstrated the greatest improvement in 6MWD, reduced the mean 6MWD
difference by approximately 1m without affecting the 60% heterogeneity. This could
be due to the small numbers in this subgroup.

Therefore, the reasons for the

heterogeneity reported remain inconclusive.

Limited evidence was found for the ability of 6MWD to discriminate between subjects
in CR based upon sex (1 trial, 630 subjects) and age of the subjects (one trial, 685
subjects). Further, sex and age108 were reported as independent predictors of change
in 6MWD following CR in a multivariate linear regression analysis. These findings are
consistent with reported effects of sex, weight, height and age on 6MWD in linear
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regression models for healthy adults130

131

. One study108 (156 subjects, 49 women)

reported symptoms of dyspnoea and angina were more common in women than men
(48% versus 24%, p= .007).

Limited evidence was found to support a relationship between 6MWD improvement
post-CR and initial 6MWD (one trial, 425 subjects) or LVEF (one trial, 179 subjects).
Our review excluded articles that examined subjects with CHF specifically; however,
one study we included grouped CR subjects based upon degree of LVEF and examined
the differences between these groups111. Subjects with LVEF less than 40% increased
6MWD post-CR by 74m (26%) and had an initial 6MWD similar to another subgroup
aged 75 years or older (286m, SD=88.7m and 283, SD=88m, respectively)110. It could
be that subjects recording low initial 6MWDs have greater room for improvement than
those walking greater distances and that a “ceiling effect” may occur for 6MWD in
those CR subjects who have greater initial cardiovascular fitness 57.

2.6.4 Study limitations
Although an extensive search of the databases was conducted it could be that by
refining our search question to ensure capture of studies in the outpatient CR
population and to exclude those in other populations, that we missed relevant articles.
Further, in reviewing the titles in the reference lists of retrieved full-text articles for the
terms ‘6MWT’, ‘6MWD’ and ‘outpatient CR’ we may have excluded relevant articles.
We did not contact authors to seek missing data or to request access to unpublished
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studies. In addition, our adapted quality assessment tool for reliability, validity and
responsiveness may not be valid and could have led us to misrepresent the quality of
the articles assessed.

A major limitation of the studies reviewed was that many examined validity using
cycle-exercise tests as the gold standard reference test. An improved capacity in
walking may not result in an improved capacity in cycling due to specificity of
training46. The use of a treadmill-exercise test as a reference test may have improved
the comparisons with the 6MWT.

In addition, the studies did not consistently note the elapsed time between the
reference tests and the 6MWT, the time from cardiac event to assessment, and LVEF
for subjects. While we excluded studies in the CHF population, we acknowledge that
many subjects within the included studies will have had a degree of heart failure and
the presence of heart failure may have affected subjects’ response to exercise training
and 6MWD.

2.7 Conclusion and implications of key findings
This review found that the 6MWT has been shown to be suitable for pre- and post-CR
outcome assessment, despite a learning effect of 2%-8% with repeated tests. In order
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to allow program effectiveness comparisons we have reported an estimated change in
6MWD following CR of 60.4m with a .65 median effect size.

The evidence for validity against symptom-limited and ventilatory threshold exercise
tests and against quality of life measurement remains inconclusive. We recommend
future research examines intra-rater and inter-tester reliability of the 6MWT, further
assesses the validity of the 6MWT against treadmill-exercise tests and explores the
prognostic and predictive value of 6MWDs in patients undergoing CR.
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Chapter 3 – (Study 2): comparison of fast-track and
traditional models in outpatient cardiac rehabilitation

One of the main drivers for this body of research was the decision by the Chermside Adult
Community Health Centre managers to trial a fast-track CR program with a single exercise
class each week and a single 7-hour education session. The cited aims of this change were
to make the CR more accessible to working patients and to increase the numbers of
patients the program could service, therefore allowing for the current resources allocated
for CR to benefit a greater number of CHD patients. The fast-track program was to run
alongside the traditional program of two exercise classes and two education sessions each
week. As clinicians working in the program, we wanted to ensure that the new fast-track
CR-model was as effective as the traditionally delivered model of CR. The following study
describes the results of a RCT comparing a fast-track CR-model to a traditional CR-model.
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authors in the published paper is in Appendix H.

70

3.2 Abstract
Title: Can CR be effective with fewer exercise sessions?: 6MWD outcomes in fast-track
and traditional CR. Background: Home-based or telephone CR demonstrates similar risk
factor reductions as centre-based CR with improved uptake rates. Centre-based CR with
fewer exercise sessions may be as effective as traditional models. Design: RCT of 61
subjects.

Methods:

Treatment groups undertook six weeks of supervised low to

moderate intensity exercise training. Fast-track included once-weekly exercise sessions
and a one-off 7-hour education session, while traditional included twice-weekly exercise
and education sessions. 6MWD and secondary outcomes were assessed pre-CR, post-CR
and 6-months post-CR. Results: Pre-CR, post-CR and 6-months post-CR attendance was
100%, 79% and 82% and 6MWDs were available for 100%, 79%, and 77% of subjects
respectively. 13 (52%) fast-track and 27 (75%) traditional subjects had paired 6MWD data
across all times.

Outcomes were similar for treatment groups over time, including

changes in 6MWD (between group difference=7.1m), and proportions of subjects
achieving a minimal clinically important difference for 6MWD or a greater than predicted
6MWD post-CR. Fast-track subjects worked more hours over all times (p<.05) than
traditional subjects. Dropout percentages were higher in fast-track (32% compared to
traditional, 8%, p<.05), among women (44% compared to men, 9%, p<.05), and among
fast-track women (71% compared to traditional women, 22%, p=.05). Conclusion: One
exercise session was as effective as two sessions for 6MWD and secondary outcomes.
Fast-track subjects participated in work to a greater extent than traditional subjects.
However, fast-track subjects and women were less likely to complete CR.

Keywords: cardiac rehabilitation, exercise therapy or methods, training, evaluation,
outcomes, effectiveness, coronary artery disease, patient participation, randomised
control trial, six-minute walk test, 6MWT, 6MWD

71

3.3 Background
Cardiac rehabilitation is a fundamental component of patient care following a cardiac
event33. However despite level I evidence that CR results in improved quality of life and
life expectancy5 37 39 40, significant barriers for the referral to, uptake and completion of CR
remain5

6 7

. Patient attributable barriers include poor motivation, difficulty accessing

multiple sessions due to geographical isolation or lack of transport, general health issues,
domestic duties, unemployment, currently smoking, or being aged over 70 years6

55 56

.

Further, the level of exercise intensity has been found to affect completion rates with high
intensity exercise programs reporting higher dropout rates6. Perversely, patients not
attending CR are likely to have higher risk profiles, lower levels of knowledge about risk
factors, and therefore may benefit from CR to a greater degree than those accessing care 1
57 132 133 134

. Moreover, while meta-analysis suggests that exercise-based CR is necessary

to reduce cardiac and all-cause mortality66, clearly system barriers exist, such as budgetary
constraints which impact on the ability to support adequate quality and quantity of CR
programs6.

As a result, there remains a significant under referral (30%-47%), poor uptake rates (14%85%) and high dropout rates (33%-50%) for CR5

6 7 132

. Recently several alternative CR-

models have emerged including home-based care and telephone coaching7

55 59

. These

models have demonstrated greater patient uptake rates6 and were found to be as
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effective as facility or residential-based CR for risk modification6

60 62 135 136

. However,

while there may be similar risk attenuation from home-based or telephone CR, there are
additional costs related to these non-traditional programs, both financial and potentially
in terms of health outcomes. Notably, the service cost of home-based CR was reported to
be ₤47 greater per patient than centre-based CR6. Only one study has reported long term
outcomes for mortality and new cardiac events in home-based CR6. While this study
reported a non-significant difference between home-based and centre-based CR for these
parameters, there were twice as many MIs and deaths and 30% more new cardiac events
in the home-based-CR group compared to centre-based CR6.

Given that some alternative programs may attract greater cost and risk, it is timely to
examine if more efficient methods of delivering centre-based CR exist. In Australia and
the UK, CR usually includes education and 30-60 minutes of aerobic and resistance
exercise training twice weekly for 6-12 weeks2

6 44

. However, in the aged and de-

conditioned population, physical adaptation to exercise is possible with relatively little
exercise training45 and an increase of 30 minutes per day of light exercise has been related
to better physical health in adults over 60 years of age 90. Currently, the minimum exercise
training dose required for CR is unknown, however it is known that in healthy elders, small
increases in exercise capacity result in large improvements in age-adjusted mortality71 and
exercise capacity exerts a major influence on mortality in CHD patients 73 74.
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In CR, low intensity training programs and programs with shorter training sessions have
been found to be as effective as more traditional models 79 87. Interestingly, while exercise
training appears to be important for mortality and morbidity benefits for CR patients 5 38 39
40

, the amount of exercise required to provide these benefits is less clear, with one meta-

analysis reporting that improvement in cardiac and all-cause mortality demonstrated by
CR programs is independent of exercise dose 66. Given this, it is possible that a CR program
utilising fewer supervised exercise and education sessions will be as effective as a
traditional model in the CR setting.

A reduced requirement for formal CR session

attendance may attenuate the cited barriers to CR attendance 6 55 56 and lead to improved
rates of referral, up-take and completion.

As one of the steps in examining alternative models for delivery of centre-based
rehabilitation, the current study compared standard CR outcomes following a fast-track
intervention (one exercise session each week) with a traditional (two exercise sessions
each week) CR-model. It was hypothesised that there would be no difference between
outcome measurements for the two models.

3.4 Methods
A fast-track CR-model was introduced alongside an existing ‘traditional’ CR-model in a
community-based centre in August 2007. Three patient treatment groups were
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conducted simultaneously, one fast-track group and two traditional groups. Both CRmodels were of six weeks duration, of low to moderate intensity, with initial intensity
based on 60%-70% of pre-CR 6MWT speed, and delivered as per standard guidelines 3 44.
The fast-track CR-model included a single 7-hour education session at the commencement
of the program and patients attended a single 1-hour exercise session each week i.e. a
maximum of seven hours of education and six hours of supervised exercise was possible
for the fast-track group . The traditional program comprised a 1-hour exercise session
conducted twice weekly and participants received the same education program as the
fast-track group, expanded and spaced over the 6-week CR period i.e. a maximum of 12
hours of education and 12 hours of supervised exercise was possible for the traditional
group. Both models encouraged concurrent home-based exercise. Appendix D contains
the programs for the two models of CR. Adult patients were accepted for CR following
medical referral with a diagnosis of MI, angina, controlled arrhythmia, coronary artery
disease or risk factors, or following PCI, CABG, cardiac valve surgery, or cardiac
defibrillator or pacemaker implantation. Patients with acute, unstable medical conditions,
mobility or cognitive problems impairing their ability to exercise or to follow directions
were excluded.

Between August and December 2007, consecutive patients were invited to participate in a
RCT comparing standard outcomes2

3 137

(Appendix G). Following informed consent,

subjects were randomly assigned by the nurse unit manager using computer-generated
numbers, to one of the two CR treatment groups (fast-track or traditional).

All
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assessments were conducted by one of two experienced physiotherapists who conducted
the assessments only and did not participate in CR program delivery i.e. the assessors
were blinded to patient treatment group allocation. Assessments were conducted one
week prior to commencement of CR (pre-CR), one week prior to discharge (post-CR) and
at six months post-CR discharge (6-months post-CR). Following the post-CR and the 6months post-CR assessments, the blinded assessors retrieved patient assessment forms,
and provided these to the first author for data recording in an excel spreadsheet.

The primary outcome measurement chosen to examine differences between the fasttrack and traditional CR treatment models, was the 6MWD.

Other outcome

measurements included resting HR (beats per minute), blood pressure (SBP and DBP, mm
Hg); waist circumference (cm); BMI (Kg-m2); physical activity (minutes.week-1); return to
ADL (yes or no); return to work (hours.week-1), and level of work duties (full or light). Data
collection forms are provided in Appendix C.

6MWTs were conducted following standard guidelines4, along a flat, 30m, outdoor,
covered path, with cones marking the turning points. Assessors used a standardised script
and encouragement4 and recorded the distance walked, the number, timing and reasons
for rests. Assessors also noted each subject’s HR, SBP and DBP and RPE immediately upon
completion of the 6MWT or if a subject ceased walking during the test for any reason and
at two minutes post-completion of the 6MWT (Appendix E). Measurements were made
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with Polar HR monitors, Welch Allyn Mobile Aneroid Sphygmomanometers, and the Borg
6-20 RPE Scale. Any adverse symptoms experienced by subjects during, or at cessation of
the 6MWTs were recorded.

Random

numbers

were

generated

using

the

Excel

function

=INDEX($A$1:$A$2,RANDBETWEEN(1,COUNTA($A$1:$A$2)),1) for the two terms ‘fasttrack’ and ‘traditional’.

Data was transcribed from the data collection forms to

spreadsheets by the prime investigator and an independent person checked the
transcription accuracy. Medical charts were also reviewed by the first two authors, to find
missing data. Patient data was analysed in the originally assigned groups as per an
intention to treat protocol. Baseline characteristics for those subjects that dropped out
and those with incomplete data sets were checked for potential bias using student t-tests
and chi-squared tests.

The 6MWD achieved by each subject in the first of two-repeated 6MWTs i.e. 6MWD1, was
used for analysis in this study. Our main reason for using 6MWD1 results was that
comparison with other studies would be more accurate as most studies report on the
results of one 6MWT only. Further, our analysis of the repeatability of the 6MWT over
time (see Chapter 5) that was conducted prior to writing the current chapter, indicated
that one 6MWT was sufficient for outcome measurement in CR. Moreover, our analysis
using averaged 6MWDs for 6MWT1 and 6MWT2 or the best of 6MWD1 or 6MWD2 did
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not result in a substantial change to the graph presented for the calculation using
6MWD1.

The 6MWD and the secondary outcome variables were examined by a series of one and
two-factor repeated measures ANOVAs with the interaction between treatment group
(fast-track or traditional) and the assessment points (pre-CR, post-CR and 6-months postCR) as the within and between subject factors respectively. While non-parametric analysis
may have been more appropriate, a suitable repeated measures test was not found.
Therefore, where tests for normality and variance were not met, the residuals were
plotted and assessed for normality. Further, the repeated measures analysis of the RCT
included up to 120 separate data points (e.g. for 6MWD) and as the p-values obtained
were not ambiguous, it is fairly certain that where results were significant that the results
shown are valid. Chi squared analysis compared the occurrence of adverse symptoms
following 6MWTs in the fast-track and traditional RCT treatment groups. Post-hoc power
and required sample size were calculated using the function in SigmaStat, inputting data
reported in the current study i.e. the difference in the 6MWD means between treatment
groups and the SD of the residual values calculated by ANOVA, with the number of groups
(two), the type of analysis, and the required alpha level (.05).
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3.5 Results
Sixty-one of 154 subjects consented to participate in the RCT, of which 25 were
randomised to fast-track and 36 to traditional CR. Of the 61 subjects, 100% attended preCR assessment, 79% post-CR and 82% 6-months post-CR assessment, with 6MWT data
available at these times for 100%, 79% and 77% of subjects, respectively. Attendance at
the post-CR assessment with completion of 6MWT data occurred in only 60% fast-track
subjects compared to 92% of traditional subjects, p=.003. At the 6-months post-CR
assessment, four subjects attending follow up were unable to perform 6MWTs. The
inability to perform 6MWTs was due to acute respiratory infections (n=2), severe knee
pain (n=1) and recent removal of toenails and skin cancers (n=1). Complete 6MWD
datasets across all times were only available in 66% of the cohort, i.e. in 13 subjects
allocated to fast-track and in 27 allocated to traditional CR. Table 6 shows the baseline
data for these subjects and Figure 6 the flow of subjects through the RCT including
reasons for any dropouts. Diagnoses, sex and the age of subjects were similar for both
treatment groups (Table 6) and did not differ between those completing and not
completing CR.

The number of subjects that dropped out of CR was higher in women than in men across
all groups (n=7, 44% and n=4, 9%, p<.05), and higher in fast-track (n=8, 32%) than in
traditional groups (n=3, 8%) (Chi Sq, p<.05). Further, the number of women that dropped
out was higher in fast-track than in the traditional group (71% and 22%, p=.05). Although
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the percentage of complete 6MWD datasets available for fast-track subjects was less than
that for the traditional group, this difference was not statistically significant (52% and 75%
respectively, p=.06) (Table 7). As expected, a significant difference between the number
of exercise and education hours attended occurred between fast-track and traditional
treatment groups due to the difference in treatment protocols. The percentage of
subjects attending assigned sessions was similar between groups (76% and 70%
respectively), however, of those patients with complete datasets i.e. those that
contributed most to the data analysed, 100% of fast-track subjects attended all sessions
compared to only 81% of traditional subjects (p=.09) (Table 7).
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Figure 6: Consort flow diagram: RCT subjects (Study 2)
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Table 6: Baseline data for RCT participants (Study 2)
Fast-track

Traditional

p

Number (%):
Total number asssigned to treatment groups
Men / Women

25 (41)
18 (72) / 7 (28)

36 (59)
27 (75) / 9 (25)

.16
.79

Diagnosis
Angina
CABG
CABG + AVR or TVR or MVR or PPM
AVR/MVR/Asc Ao Rep
MI ± Stent / PCI
PCI ± Stent
Heart Failure/Cardiac Transplant
Risk Factors*
Unknown

4 (16)
7 (28)
0 ( 0)
0 ( 0)
4 (16)
8 (32)
0 ( 0)
2 ( 8)
0 ( 0)

5 (13)
10 (28)
2 ( 6)
1 ( 3)
9 (25)
9 (25)
0 ( 0)
0 ( 0)
0 ( 0)

.44

Mean (SD):
Age (Range = 27-80 years)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (b.minutes-1)
Body mass index (kg.m-2)
Waist (cm)
Total cholesterol (mmol.L-1)
HDL (mmol.L-1)
TG (mmol.L-1)
Self-Report physical activity (minute.week-1)
Predicted 6MWD pre-CR (metres)

62 (11)
127 (16)
75 (9)
68 (13)
31 (9)
108 (13)
4.57 (1.3)
.97 (.32)
1.76 (.83)
179 (136)
521 (84)

61 (10)
125 (18)
74 (11)
65 (12)
27 (4)
101 (10)
4.28 (1.3)
1.24 (.39)
2.2 (2.70)
153 (101)
525 (74)

.77
.71
.67
.35
.05
.04
.55
.17
.70
.41
.88

Abbreviations: Asc Ao Rep, ascending aortic repair; AVR, aortic valve replacement; b.minutes-1, beats per minute; CABG,
coronary artery bypass graft; cm, centimetres; HDL, high density lipid; kg, kilograms; MVR, mitral valve replacement/repair;
m2, meter squared; MI, myocardial infarction; mmHg, millimetres of mercury; mmol.L-1, millimoles per Litre; n/a, not
applicable; PCI, percutaneous coronary intervention; PPM, permanent pacemaker; RCT, randomised control trial; SD,
standard deviation; TG, triglyceride; TVR, tricuspid valve replacement.
* indicates subjects that had one or more of the following risk factors without a specific diagnosed disease: hyperlipidaemia,
hypertension, obesity, reduced physical activity, type II diabetes; stress, male gender, age > 60 years.
p-values for comparisons between fast-track and traditional CR programs were calculated using students t-test for nominal
data and Chi squared for categorical data. Comparisons were made using repeated measures ANOVAs with treatment group
as the within subject factor.
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Table 7: Participation outcomes for RCT participants
Fast-track

Traditional

p

Number (%):
Total number asssigned to treatment groups
Men / Women
pre-CR
post-CR:
6-months post-CR:

25 (41)
18 (72) / 7 (28)
25 (100%)
15 (60%)
18 (72%)

36 (59)
27 (75) / 9 (25)
36 (100%)
33 (92%)
32 (89%)

.16
.79
1.0
.003
.09

Drop-outs -All
Men
a
Women
Complete datasets available -All
Men
b
Women

8 (32)
3 (17)
5 (71)
13 (52)
12 (66)
1 (14)

3 ( 8)
1 (3)
2 (22)
27 (75)
23 (85)
4 (45)

.02
.13
.05
.06
.14
.20

5.1 (3.1) 70%
7.0 (.0) 100%

11.3 (1.9) 76%
11.7 (1.0) 81%

<.001
<.001

4.3 (2.7) 70%
6.0 (.0) 100%

11.3 (2.0) 76%
11.6 (1.2) 81%

<.001
<.001

Mean (SD) and % with full attendance:
c
Education attended (hours)
All Subjects
Subjects with complete data sets
d
Supervised Exercise attended (hours)
All Subjects
Subjects with complete data sets

Abbreviations: 6-months post-CR, six-months post-cardiac rehabilitation; post-CR, post cardiac rehabilitation; pre-CR,
pre- cardiac rehabilitation; SD, standard deviation.
Analysis was undertaken with Students t-tests for numerical data and Chi squared tests for categorical data for differences
between treatment groups. All other comparisons were non-significant.
a
b
c
d

p <.05, for drop outs, women versus men in all treatment groups
p <.001, for complete data sets, women versus men in all treatment groups (31% versus 78%)
The maximum hours available for education was 7 hrs for fast-track and 12 hrs for traditional
The maximum hours available for supervised exercise was 6 hrs for fast-track and 12 hrs for traditional

An intention to treat analysis was conducted for all outcome measures. 6MWD outcomes
were not significantly different between fast-track and traditional treatment groups (Table
8). The mean 6MWD (SD) increased from 507 (75)m pre-CR to 546 (66)m post-CR and to
563 (99)m at 6-months post-CR for the fast-track group and from 516 (70)m pre-CR to 534
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(88)m post-CR and to 546 (97)m at 6-months post-CR for the traditional treatment group.
The absolute difference between mean 6MWD at pre-CR and post-CR was 39m for the
fast-track and only 18m for the traditional group. The effect size pre-CR to post-CR was
similarly low in the traditional group (.25 compared to .52 for fast-track). The change in
6MWD from the pre-CR to post-CR was significant for the fast-track group only; however,
both treatment groups achieved a significant change from pre-CR to 6-months post-CR.
Holm-Sidak method for pairwise multiple comparisons used in SigmaStat indicated a
difference in least square means between fast-track and traditional treatments groups
over all times to be only 7.1m (p= .79). The power of this test was 20%, with SD of the
residuals being 27.05 and an alpha of .05.
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Table 8: 6MWT outcomes for RCT participants
Pre-CR

Mean 6MWD (SD) (metres):
Effect size pre-CR to post-CR
and pre-CR to 6-months post-CR

Post-CR

6-months post-CR

Fast-track

Traditional

Fast-track

Traditional

Fast-track

Traditional

507 (75)

516 (70)

547 (66)

534 (17)

563 (99)

ab

a

p

546 (97)

.79

n/a

n/a

.52

.25

.74

.43

n/a

End of 6MWT1 Observations:
SBP (mmHg)
DBP (mmHg)
HR (b.minute-1) b
RPE (6-20)

142 (16)
77 (11)
89 (16)
12 (2)

141 (19)
76 (11)
85 (18)
12 (1)

139 (12)
73 (8)
97 (14)
12 (2)

139 (22)
77 (11)
94 (23)
12 (2)

148 (25)
78 (10)
89 (13)
11 (3)

143 (21)
71 (12)
89 (20)
11 (2)

.75
.39
.34
.68

Number of Adverse Symptoms:
Light headed
Shortness of breath
Chest pain
Left calf pain
Right calf pain
Other c

0
3
3
2
2
4

0
3
0
3
3
4

0
1
1
0
0
2

0
2
0
1
1
2

0
2
3
0
0
1

0
1
2
4
3
4

.08

N= 13 fast-track; N= 27 traditional.
Abbreviations: 6-months post-CR, six-months post-cardiac rehabilitation; b.minunte-1, beats per minute;DBP, diastolic blood pressure; HR, heart rate; mmHg, millimeters of mercury;
N, number; n/a, not applicable; post-CR, post cardiac rehabilitation; pre-CR, pre- cardiac rehabilitation; RPE, rated perceived exertion; SBP, systolic blood pressure; SD, standard
deviation; vs., versus.
p-values indicate comparisons between ‘fast-track’ and ‘traditional’ treatment groups within the outcomes measured using two-way repeated measure ANOVA, with treatment group
as the within subject factor, over the three assessment times for numerical data and Chi Square analysis for categorical data. Where normality and variance tests failed, normality
probability plots for the residuals were performed. All comparison other than those noted below were non-significant.
a
p < .01 pre-CR vs. 6-months post-CR
b
p < .01 pre-CR vs. post-CR for fast-track and for HR when HR data was combined for both treatment groups
c
Other included the following symptoms: ischaemic thigh pain; shin pain; left piriformis pain; back and knee pain; jaw ache; hip pain; chest and abdominal pain on deep
breathing due to chest infection
ANOVA comparisons:
p ≤ .0001 for the difference between subjects assessing changes in 6MWD, SBP, DBP, HR, RPE
p ≤ . 01 for the difference over time assessing changes in 6MWD (see a and b above) and HR (see b above)
p < .02 for treatment group versus time assessing changes in DBP over all assessments.
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Analysis of the clinical observations made immediately following completion of the 6MWTs at each
assessment point, found no significant differences between treatment groups for SBP, DBP, HR,
and RPE, or for the interaction between treatment group and assessment time for SBP, HR, and
RPE (Table 8). However, while an interaction between treatment group and assessment time for
DBP was found over all assessments combined (p < .02); this difference was not demonstrated
between treatment groups at any individual assessment point.

The number and type of adverse symptoms were not significantly different between fast-track and
traditional subjects over all assessments (p=.08) (Table 8). The number of symptoms was not
significantly different between men and women (p=.88). The rate at which adverse symptoms
were elicited was 43 per 100 tests and 35 per 100 tests (p = .32) for fast-track (n= 56 6MWTs) and
traditional (n=95 6MWTs) groups respectively over all assessments. At pre-CR, 56% of fast-track
subjects complained of symptoms compared to 37% of traditional subjects (p=.10). At the post-CR
assessment, this had reduced to 27% and 21%, although, by 6-months post-CR symptoms were
present in 38% and 45% of subjects, respectively.

The number of subjects achieving their predicted 6MWD gradually increased for both treatment
groups over the follow up period; however, this was not different between treatment groups at
any assessment point. Similarly, Chi squared analysis indicated no significant difference between
treatment groups for the proportion of subjects achieving a MCID (i.e. ≥ 25m). For example in
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subjects with complete data sets, 53% fast-track and 35% traditional achieved MCID post-CR , and
63% of subjects in both treatment groups achieved MCID 6-months post-CR (Table 9).

Table 9: Achievement of MCID and predicted 6MWD post-CR: RCT

Subjects with complete data sets
pre-CR
≥ predicted
post-CR:
≥ predicted
≥ 25m
6-months post-CR:
≥ predicted
≥ 25m

N

Fast-track
N (%)

Traditional
N (%)

p

24/34

10 (42%)

17 (50%)

.53

15/29
15/29

10 (67%)
8 (53%)

17 (59%)
10 (35%)

.60
.23

16/30
16/30

13 (81%)
10 (63%)

20 (67%)
19 (63%)

.30
.96

17 (50%)
10 (28%)

.53
.72

20 (59%)
19 (53%)

.72
.32

Subjects analysed with intention to treat (missing data ignored)
post-CR:
≥ predicted
24/34
10 (42%)
≥ 25m
25/36
8 (32%)
6-months post-CR:
≥ predicted
24/34
13 (54%)
≥ 25m
25/36
10 (40%)

Abbreviation: ; 6-months post-CR, six-months post-cardiac rehabilitation; MCID, minimal clinically important difference (= 25m
115
); m, metres; N, number; post-CR, post cardiac rehabilitation; pre-CR, pre-cardiac rehabilitation.
Analysis of the differences between treatment groups was undertaken with Chi squared tests. Predicted 6MWD was not calculated
for a few subjects due to missing height and weight data.
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Table 10 shows the secondary outcomes for the cohort. The number of repeated measures
available for analysis varied between measures. Although baseline BMI and waist circumference
were greater for fast-track than the traditional group (p ≤.05, Table 6) and BMI remained so at
each assessment, analysis of paired data over time indicated no overall difference between groups
for these factors (Table 10). However, waist circumference decreased in the traditional group
post-CR, only to increase again by 6-months post-CR. No between group differences were found
for participation in ADL, or for resting SBP, DBP, and HR. Participation in physical activity was
similar for fast-track and traditional groups overall, although fast-track subjects were more
physically active at the post-CR assessment. Fast-track subjects also worked more hours per week
over all assessments combined (p<.05), although, only the post-CR assessment approached
significance individually (p=.07). There was no difference between groups for working subjects’
requirement for light duties.
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Table 10: Secondary outcome measures for RCT participants
N
Means (SD):
Fast-track/Trad
BMI (kg.m-2)
13 / 28
Waist (cm)
12 / 26
-1
Physical activity (minute.week ) 14 / 26
Return to work (hour.week-1)
8 / 15
Resting Observations:
SBP (mmHg)
12/26
DBP(mmHg)
12 /26
HR (b.minute-1)
12 /26
Number:
Return to all ADL (subjects)
25 / 36
Light duties at work (subjects)
8 / 15

Pre-CR

Post-CR

6-month post-CR

p
Fast/Trad
Fast-track
Traditional
Fast-track
Traditional
Fast-track
Traditional
29.2 (5.2) a
27.3 (4.3)
29.0 (5.4) a
27.1 (4.3)
31.9 (14.0) a
27.6 (4.4)
.25
106.3 (10.3)
100.7 (10.8) b
105.4 (12.6)
98.1 (10.2) d
104.6 (12.7)
101.3 (11.9)
.17
178 (136) b
158 (103)
314 (192) a
223 (96)
221 (142)
234 (103)
.24
17.8 (19.6) b c
7.3 (12.2) b c
38.0 (4.0)
28.0 (16.9)
37.6 (21.1)
29.2 (18.2)
<.05
124 (15.7)
75 (4.8)
66 (8.3)

124 (18.6)
73 (9.8)
65 (12.0)

123 (13.0)
71 (9.0)
68 (9.7)

123 (12.6)
76 (9.4)
70 (12.5)

128 (13.7)
75 (7.6)
69 (6.1)

125 (15.4)
70 (11.1)
64 (8.6)

.51
.56
.44

13
4

18
5

12
4

22
8

13
6

26
11

.75
.71

Abbreviations: 6-months post-CR, six-months post-cardiac rehabilitation; ADL, activities of daily living; ANOVA, analysis of variance; BMI, body mass index; cm, centimetres;
b.minunte-1, beats per minute;DBP, diastolic blood pressure; HR, heart rate; kg, kilograms; m2, metres squared; mmHg, millimetres of mercury; n/a, not applicable; N, number; postCR, post-cardiac rehabilitation; pre-CR, commencement of cardiac rehabilitation; SBP, systolic blood pressure; SD, standard deviation; vs., versus.
The number of subjects included in each analysis varied due to an irregular pattern of missing values. Return to work and light duties data included for subjects who were working prior
to cardiac event.
p-values indicate comparisons between ‘fast-track’ and ‘traditional’ treatment groups within the outcomes measured using two-way repeated measure ANOVA, with treatment group as
the within subject factor, over the three assessment times for numerical data and Chi-squared analysis for categorical data. Where normality and variance tests failed, normality
probability plots for the residuals were performed.
All comparison other than those noted below were non-significant. Return to work and light duties data is only included for subjects usually participating in the work force
a
p ≤ .05 ‘fast-track’ vs. ‘traditional’
b
p < .05, pre-CR to Post-CR
c
p ≤ .01, pre-CR to 6-months post-CR
d
p < .001, post-CR to 6-months post-CR.
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3.6 Discussion
A fast-track CR-model was compared to a traditional CR-model, examining outcomes
for subjects enrolled in a RCT. The two CR-models varied only in the frequency of
exercise sessions (once or twice weekly) and the inclusion of either a single 7-hour day
of education or regular 1-hour education sessions twice weekly, respectively. No
significant difference was found for 6MWD between fast-track and traditional CRmodels over three assessments in a 6-month period. Further, the fast-track and
traditional groups did not differ in the degree or timing of changes for any of the
secondary outcomes measured except for hours of work.

Our RCT was assessed against the Pedro Scale138 and found to be of moderately high
quality, with all criteria satisfied except the blinding of treating therapists and patients,
i.e. a score of 9 out of 11 items was achieved. Completed 6MWD measures were
obtained for 100%, 79% and 77% of subjects at the three assessment times and 66%
subjects had complete data for all times. The number of complete data sets available
over all times was similar between treatment groups, however, the dropout rates were
higher in fast-track subjects than in traditional subjects, the rate for fast-track being
more comparable to that previously reported (50%)8.

To further illustrate the

difference between groups, we report that only 60% fast-track subjects completed CR
compared to 92% of traditional. If full attendance at CR was an aim of treatment then
fast-track was not as successful as traditional. Similar to others we found that more
women dropped out or had incomplete data than men, when the data from both
treatment groups were combined8. Interestingly, significantly more women dropped
90

out of fast-track than dropped out of the traditional group. The reason for this is
unknown. It is possible that women would benefit from a ‘women only’ CR program.

Although the difference over all times was not found to be different between the two
treatment groups, a lower effect size and non-significant change (p=.057) was noted in
the traditional group pre-CR to post-CR. Conversely, fast-track had a significant change
in 6MWD pre-CR to post-CR (p<.01). However, there was a similarity in 6MWD change
between treatment groups at 6-months post-CR which supports previous studies in
which an increase in exercise intensity, volume and session duration, or education
volume failed to improve outcomes at 12-18 months follow up79 87 92. The reasons for
this increased response in the fast-track group at the post-CR assessment are not
immediately clear.

It is possible fast-track training was more effective than the

traditional training due to some factor e.g. fast-track may have been more motivating,
or enabled subjects to undertake more physical activity at home than the traditional
group allowed. In support of the suggestion of subjects undertaking more activity
independently, one qualitative study suggests subjects, not adhering to formal CR
programs, engage in self-modified CR including exercise and lifestyle changes6.
Another possible explanation for the difference between the two CR-models at the
post-CR assessment is that of the subjects with complete datasets, all fast-track
subjects attended every training session compared to the traditional group, in which
subjects attended only 81% of sessions. It is therefore possible that due to better
attendance in the fast-track group with complete data sets, the training was more
effective for this group.
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In stable COPD, a 54m increase in 6MWD has been reported to alter patient
perception of walking ability relative to others with this disease 99 however, the MICD
in the COPD population has been calculated to be 25m116. The perception of improved
walking ability in CR has been explored by Gremeaux et al. (2011)115 and this study
reported a MCID of 25m in patients following acute coronary syndrome. A number of
other studies have demonstrated an improvement in 6MWD of between 40m to 74m
(10% to 26%) post-CR104 105 106 107 108 109 110 111 112. The improvement seen in 6MWD in
our cohort for the fast-track group pre-CR to post-CR was similar to these other reports
(40m), while the improvement seen for our traditional subjects was considerably lower
(18m) and we therefore report a moderate and a low effect size for these groups,
respectively. Prior to commencement of the CR program, our subjects on average
walked close to their predicted 6MWD, based upon calculations for healthy people of
similar height, weight, age and gender, suggesting a reduced potential for
improvement in our cohort. This is further underscored by a substantial difference in
the average initial 6MWD between our cohort (512m) and that of previous
investigators (283 to 490m)

104 105 106 107 108 109 110 111 112

. Other factors affecting

potential for improvement may be the intensity of the training programs and the
inclusion of subjects with CHF in some of the reported studies104

111

. Both fast-track

and traditional programs in our study included low to moderate intensity training and
did not include subjects with CHF.
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In the current study, the treatment groups demonstrated similar changes over the
study period for ADL, working hours and physical activity. However, some differences
between groups were noted at individual assessment points.

At the post-CR

assessment, fast-track subjects participated to a greater degree in physical activity
(p=.03) although this difference in participation had dissipated by the 6-months postCR assessment. Similarly, while both treatment groups increased their paid work
participation over the 6-months, the fast-track group despite having a lower
percentage of workers (32% vs. 42%, NS), undertook a greater number of working
hours, over all times (p= .02). It may be that fast-track CR enabled subjects to exercise
at an appropriate level enhancing recovery and allowing greater participation in work,
or that fast-track allowed more time for participation in paid work and physical activity
at an earlier stage during rehabilitation. It is also possible that fast-track subjects
pushed themselves harder, working and exercising more than was suitable. This latter
explanation is supported by the return to pre-CR levels of physical activity recorded at
6-months post-CR in the fast-track group while the traditional group gradually
increased physical activity over time (pre-CR to 6-months post-CR mean difference =
44 and 76 minutes per week, p=.32 and p=.019, both non-significant, due to critical α
levels of .05 and .017, respectively). Further, there was greater variability amongst
fast-track subjects for both hours of work and physical activity, indicated by the wider
SDs at most assessments, and demonstrating that some fast-track subjects worked in
excess of full time hours and exercised in excess of an hour each day.

Similar education content was provided for both treatment groups and therefore
differences between groups for waist circumference, and BMI, were not anticipated,
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however, the lack of improvement in BMI following CR differs from other studies139 140.
Differences in sample size, and length of program and follow up may explain this.

Study limitations:
Of a possible 154 patients, only 61 consented to participate in the RCT. Dropouts and
variable assessment attendance resulted in small numbers of complete data sets for
some measurements. Compounding this, the random allocation using Microsoft Excel
resulted in an imbalance in the numbers of subjects allocated to the two treatment
groups. To confirm that the random allocation had been performed correctly and to
further explore and test this feature in Excel, the chief investigator performed a posthoc repeated random allocation of 61 hypothetical subjects. It was found that in five
runs of random allocation to fast-track or traditional programs, 32, 26, 27, 28 and 24
subjects would have been allocated to fast-track respectively. That is, twice in every
five

times

that

the

formula

=INDEX($A$1:$A$2,RANDBETWEEN(1,COUNTA($A$1:$A$2)),1) for two terms is run,
subjects would have been allocated in a similar pattern to the way subjects were
distributed in the current study i.e. Fast-track, n=25. Despite the imbalance in subject
distribution, the randomisation of subjects was effective to the extent that in all but
BMI, the baseline subject characteristics were similar between both groups.

It is possible that the 6MWD, a measure of functional ability, is not an appropriate
outcome measurement for the CR population, as it has not been linked to morbidity
and mortality data in this population. While Study 1 provides moderate level evidence
for a moderate to high correlation between the 6MWD and maximum-metabolic94

equivalents achieved on symptom limited exercise test (two trials, 175 subjects) 115

120

,

and similarly for a moderate relationship between peak heart rate responses during
6MWTs and during exercise tests at ventilatory threshold (two trials, 55 subjects)

105

121

, there remains conflicting evidence for correlations between the 6MWD and

measures of quality of life104

106 120

. Another RCT that explored varying exercise

volumes in CR, evaluated VO2max pre-CR to post-CR following six weeks of either 10 or
two exercise sessions each week91. These investigators similarly found no difference
for between groups for VO2max, but found an improvement in ventilatory anaerobic
threshold and quality of life for participants in the higher volume CR group 91. Another
possible limitation with our RCT is that while six to eight weeks of twice weekly
exercise sessions are common practice for CR exercise training in the UK and Australia 2
6 67 75 80

, it is possible that the duration, frequency and intensity of the exercise

sessions in the current study’s traditional program were not sufficient to demonstrate
the benefits depicted in the widely cited meta-analyses66.

The research was conducted in a clinical setting and coincided with a change in clinical
care delivery. The randomised trial methodology necessitated notifying potential
subjects at the consent phase that they would be allocated to one of three programs
(two of which were traditional programs at either 7.30 or 9.00 am).

It became

apparent that the lack of certainty around the required time commitment was
adversely affecting patients’ willingness to commit to the study. Once the chief
investigator became aware of this problem, the information about the possibilities of
session attendance was simplified and this alteration provided for greater
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participation. Unfortunately, the loss of numbers early in the recruitment phase
affected the overall sample size due to the 6-month follow up study design and the
strict 12-month funding available for the research. As the chief investigator, I learnt
the importance of being actively involved early in the consent phase so that potential
barriers to patient consent are identified and addressed as soon as possible. Further,
although the team was involved early on in the ethics submission and study design,
and had regular team meetings to plan and problem solve issues as they arose, the
different levels of staff knowledge regarding the research process and the need for
pedantic attention to data collection, affected the number of complete datasets
available for analysis in this study. On-site management may have improved the
number of complete data sets.

Prior to the commencement of the study, advice was sought from the statistician
about the required sample size. Given the lack of literature available regarding the
degree of detectable change expected in the CR population, it was unclear what the
expected differences between groups would be. Further, the study design included a
6-month follow up period, and the grant we had obtained to support the study was for
a strict value ($50,000) and for a strict 12-month period. Considering these factors and
that the study was part of the requirements for a PhD, the advice of the statistician
was to obtain as many subjects as possible with complete data sets over the 12-month
period.

In these circumstances, the subsequent sample size of N=61 seemed

appropriate.
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Whilst we were unable to test for power prior to the study commencing, post-hoc
analysis for the within-group change in 6MWD over time revealed a power of 100%.
Hence, the study was adequately powered to detect the within-group changes.
However, post-hoc analysis of the between-group changes, using the difference of
7.1m revealed a power of only 20% suggesting an increase in the possibility of a Type II
error for the RCT. However, given the small difference in the increase in 6MWD
demonstrated between the two treatment groups, i.e. 7.1m, a large sample would be
required to adequately detect such a difference. Indeed, to achieve a power of 80%
for this 7.1m between-group difference (SD of the residual of 27.05, alpha= .05), the
sample size required would have been 221. One could argue that in a sample of 221, if
such a small absolute difference between the two treatment groups was detected
statistically, the clinical relevance of such a finding could be questioned.

Another way to determine the required sample size is to base this calculation on the
MCID. Unfortunately, the research describing the development of the MCID in CR
patients was not published until 2011115 and our systematic review reporting the mean
difference in 6MWD following CR was not published until 2012137. It is now possible to
use the MCID determined by Gremeaux et al. in 2011 i.e. 25m, to determine the
sample size required to test our hypothesis115. The calculated sample size required to
detect a MCID of 25m between the treatment groups is N=19 (with a power of 80%, a
SD of the residuals of 27.05, and alpha= .05). Indeed, our study (N=40) is powered to
99% to detect a MCID of 25m between groups and based upon this, the results of our
study would appear to be sound.
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3.7 Conclusion
The results of this study suggest that a CR-model consisting of a weekly 1-hour exercise
session and a single 7-hour day of education was as effective as twice-weekly exercise
and education sessions (1-hour.session-1) over a 6-week period, with 6-months follow
up, for 6MWD, and other secondary outcome measures. Fast-track subjects were
shown to participate in work to a greater extent than traditional subjects. Fast-track
subjects were however, less likely to complete CR. Women were more likely to drop
out of CR and more women dropped out from fast-track than from the traditional
group.
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3.10 Reviewers comments
The comments provided by the European Journal of Preventive Cardiology have been
included in Appendix J. The issues raised by the reviewers have been addressed in the
current version of Chapter 3, including a review of the statistical analyses, and the
presentation of the RCT and CR-database data.

100

Chapter 4 – (Study 3): review of CR-database: comparison
of fast-track and traditional cardiac rehabilitation models
Study 2 in Chapter 3 describes a RCT to investigate the hypothesis that one 1-hour was
as effective as two 1-hour training sessions per week in CR subjects over a 6-week
training period and with 6-months follow up. The number of subjects with complete
data sets across all times in this RCT was smaller than originally planned and there was
an imbalance in the number of subjects in each treatment group. These issues were
discussed in detail under study limitations in Chapter 3.

Despite these limitations, the repeated measures design added robustness to the RCT
data analysis. Therefore, where statistically significant results were obtained, these
were thought to be sound. However, it was concluded that despite the post-hoc
power analysis for the study being 99% based upon a difference of 25m in 6MWD
(representing the MICD for 6MWD in CR), the lack of power for this between
treatment groups analysis for the difference found (i.e. 7.1m), allowed some room for
doubt as to the validity of that non-significant result. Therefore, to validate the results
of the RCT in real life conditions, a post-hoc review of three years of patient 6MWD
results recorded in a CR-database data was undertaken. Chapter 4 describes this
review of the CR database.
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4.1 Abstract
Title: 6-minute walk test distance outcomes in fast-track and traditional cardiac
rehabilitation: database review. Background: Similar risk factor reductions have been
demonstrated with home-based care and in centre-based CR. CR-models with less
exercise sessions may be as effective as traditional models. Design: Review of a
community phase II CR-database 2007-2010. Methods: Fast-track and traditional
treatment groups undertook supervised low to moderate intensity exercise training for
six weeks and both groups were provided with home-exercise advice. Fast-track
included once-weekly exercise sessions and a one-off 7-hour education session;
traditional included twice-weekly exercise and education sessions.

6MWD was

assessed pre-CR and post-CR for both groups. Results: Of 620 patients enrolled in CR
during the period, 197 patients elected or were assigned (not randomised) to fasttrack and 493 patients to traditional treatment groups. Complete 6MWD data sets
were available for 115 fast-track and 254 traditional subjects. Repeated measures
ANOVA found 6MWD outcomes to be similar for fast-track and traditional groups over
both assessments combined and at any time point. Improvements in 6MWD post-CR
were different for men and women in the CR-database (8% versus 5%, respectively,
p<.001). Conclusion: One exercise session provided similar 6MWD changes post-CR as
two sessions for 6MWD.

Keywords: cardiac rehabilitation, exercise therapy, methods, training, evaluation,
outcomes, effectiveness, coronary artery disease, patient participation, randomised
control trial, six-minute walk test, 6MWT, 6MWD
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4.2 Background
The background for this research has been described in detail in Chapter 3. In order to
examine the outcomes in a real life situation following the side-by side introduction of
the fast-track CR-model to the traditional CR-model, a review of the CR-database was
undertaken.

4.3 Methods
A fast-track CR-model was introduced alongside an existing ‘traditional’ CR-model in a
community-based centre, in August 2007. Three patient groups were conducted
simultaneously, one fast-track group and two traditional groups. Both CR-models were
of six weeks duration, of low to moderate intensity, with initial intensity based on 6070% of pre-CR 6MWT speed, and delivered as per standard guidelines 3 44. The fasttrack CR-model included a single 7-hour education session at the commencement of
the program and patients attended a single 1-hour exercise session each week. The
traditional program comprised a 1-hour exercise session conducted twice-weekly and
participants received the same education program as the fast-track group, expanded
and spaced over the 6-week CR period. Both models encouraged concurrent homebased exercise. Appendix D contains the programs for the two models of CR. Adult
patients were accepted for CR following medical referral with a diagnosis of MI,
angina, controlled arrhythmia, coronary artery disease or risk factors, or following PCI,
CABG, cardiac valve surgery, or defibrillator or pacemaker implantation. Patients with

103

acute, unstable medical conditions, mobility or cognitive problems impairing their
ability to exercise or to follow directions were excluded.

Patient assessment data was prospectively transcribed into the CR-database from
assessment forms (Appendix C) for all patients participating in the CR program by CR
program staff. Patients were allocated to treatment groups by a registered nurse,
based upon patient preference and program availability with the exception of the 61
patients who had consented to participate in the RCT described in Chapter 3. These 61
subjects were randomly allocated to either fast-track or traditional treatment groups
by the nurse unit manager using random computer-generated numbers. From August
2007 to July 2008 the assessments of all patients were conducted by assessors blinded
to treatment group allocation.

Outside of the RCT study period, experienced

physiotherapists employed for program delivery conducted assessments for all
patients.

Assessments were booked in most instances, one week prior to

commencement of CR (pre-CR), and one week prior to discharge (post-CR).

Permission was sought from the research and ethics committee to conduct a post-hoc
review of the CR-database, in which the age, diagnosis, and the 6MWD achieved preCR and post-CR had been prospectively recorded for all consecutive patients between
August 2007 and December 2010 (Appendix F).

The primary outcome measurement chosen to examine differences between the fasttrack and traditional treatment models, was the 6MWD.

A single 6MWT was
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conducted following standard guidelines4, along a flat, 30m, outdoor, covered path
with cones marking the turning points. Enquiry of the database and collation of all
records for patients with both pre and post-CR 6MWD data was made by the chief
investigator.

Analysis of the 6MWD results was undertaken using two-factor repeated measures
ANOVAs with the interaction between treatment group (fast-track or traditional) and
the assessment points (pre-CR, post-CR), as the between and within subject factors
respectively.

4.4 Results
The CR-database included data for 620 patients enrolled in CR during the 3.5-year
period, of which, 197 patients elected or were assigned (not randomised) to fast-track
and 493 patients to the traditional treatment group. Included in the CR-database is
the 61 subjects randomly allocated to the treatment groups as described in Chapter 3.
The baseline data for the cohort (Table 11) demonstrated no significant difference
between groups except for the greater percentage of men allocated to or choosing the
traditional program (fast-track, 66% compared to traditional, 78%) and greater
percentage of women being allocated or choosing the fast-track program (fast-track,
44% compared to traditional, 22%), p=.001. Complete data was available for analysis
for 115 fast-track and 254 traditional subjects. Figure 7 includes the known reasons for
subjects not completing CR.
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The mean (SD) 6MWDs at pre-CR, post-CR were 495 (80), 528 (87) and 500 (85), 536
(91)m for fast-track and traditional subjects, respectively (Table 12).

Holm-Sidak

method for pairwise multiple comparisons as per SigmaStat indicated that the
difference in least square means for fast-track and traditional treatment groups was
only 5.33m, p =.56. The percentage change pre-CR to post-CR was 7% and 8% for the
two treatment groups, respectively.

Due to proportionally more men included in the traditional group, a three-way ANOVA
was also performed of the 6MWDs, with sex and treatment group as the withinsubject factors. Holm-Sidak analysis for pairwise multiple comparisons confirmed a
lack of difference between treatment groups for 6MWD after allowing for the effects
of sex and assessment time (p=.50). What was noted however, was a significant
difference in 6MWD outcomes between men and women (p<.001). After allowing for
the effects of assessment time and treatment group, the improvement in mean 6MWD
following CR (%) in the entire cohort was found to be 39m (8%) for men and 22m (5%)
for women (p<.001 and p=.08 respectively) (Table 12).

Other measures of change such as percentage of subjects achieving MCID post-CR and
effect size similarly indicated little difference between treatment groups (Table 12).
The power of the tests in the current study were 98.5% for the analysis of the
difference in 6MWD for the entire cohort over time, and 100% for the differences
between the sexes. The power of the test for the difference in 6MWD least square
means between treatment groups over pre-CR and post-CR assessments (i.e. 5.33m)
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was 81%, with SD of the residuals being 25.877 (as found in Study 2) and an alpha level
of .05.

Figure 7: Flow diagram: CR-database subjects (Study 3)
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Table 11: Baseline data for CR-database participants (Study 3)

Mean (SD):
Age (Range = 27-80 years)
Number (%):
Number assigned to group
Men / Women
Complete datasets
Men / Women
Diagnosis
Angina
CABG
CABG + AVR or TVR or MVR or PPM
AVR/MVR/Asc Ao Rep
MI ± Stent / PCI
PCI ± Stent
Heart Failure/Cardiac Transplant
Risk Factors*
Unknown

Fast-track

Traditional

p

65 (10)

63 (10)

.11

197 (32%)
130 (66%) / 67 (44%)
115 (56%)
80 (62%) / 35 (52%)

423 (68%)
332 (78%) / 91 (22%)
254 (60%)
200 (61%) / 54 (59%)

<.0001
.001
.69
.056

13
51
4
13
55
48
1
9
3

29 ( 7%)
110 (26%)
21 ( 5%)
24 ( 5%)
144 (34%)
76 (17%)
8 ( 2%)
8 ( 2%)
3 ( 0%)

.09

(7%)
(26%)
( 2%)
(7%)
(28%)
(24%)
( 0%)
( 4%)
( 2%)

Abbreviations: CR-database, cardiac rehabilitation database; CABG, coronary artery bypass graft; AVR, aortic valve
replacement; TVR, tricuspid valve replacement; MVR, mitral valve replacement/repair; PPM, percutaneous
permanent pacemaker; Asc Ao Rep, ascending aortic repair, MI, myocardial infarction; PCI, percutaneous coronary
intervention; SD, standard deviation;
* indicates subjects that had one or more of following risk factors without a specific diagnosed disease:
hyperlipidaemia, hypertension, obesity, reduced physical activity, type II diabetes; stress, male gender, age > 60
years.
p- values are calculated using student t-test for numerical data and chi squared analysis for categorical data.
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Table 12: 6MWD outcomes for CR-database participants
Fast-track

Traditional

p

495 (80) a
528 (87)
a
512 (77)
549 (81)
458 (74)
479 (81)

500 (85) a
536 (91)
a
507 (85)
547 (91)
472 (81)
494 (74)

.61
.39
.69
.89
.39
.38

Absolute change pre-CR to post-CR (SD) metres
All subjects
33 (43)
Men
38 (44)
Women
22 (39)

36 (55)
40 (52)
22 (65)

.50
.65
.96

Percentage change pre-CR to post-CR
All subjects
Men
Women

7%
8%
5%

8%
9%
6%

.43
.63
.69

Percentage achieving MCID
All subjects
Men
Women

49%
53%
40%

56%
59%
46%

n/a
n/a
n/a

Effect Size pre-CR to post-CR
All subjects
Men
Women

.41
.49
.29

.43
.48
.27

n/a
n/a
n/a

6MWD Mean (SD) metres
All subjects pre-CR
All subjects post-CR
Men pre-CR
Men post-CR
Women pre-CR
Women post-CR

Abbreviations: 6MWD, six-minute walk distance; CR-database, cardiac rehabilitation database; MCID, minimal
clinically important difference (25m115); post-CR, post cardiac rehabilitation; pre-CR, pre-cardiac rehabilitation; SD,
standard deviation.
Two-way and three-way repeated measure ANOVAs were performed for comparisons between fast-track and
traditional treatment groups. T-tests were used for comparisons between absolute and percentage change.
a

p < .001 pre-CR vs. post-CR.

4.5 Discussion
A fast-track CR-model was compared to a traditional CR-model, examining outcomes
for subjects recorded in the CR-database. The two CR-models varied only in the
frequency of exercise sessions (once or twice-weekly) and the inclusion of either a
109

single 7-hour day of education or regular one-hour education sessions twice-weekly,
respectively. No significant difference between fast-track and traditional CR-models
was found for the change in 6MWD for CR-database subjects.

Completion rates in the CR-database cohort were comparable to rates reported
previously (50%)8 and similar completion rates were found for men and women while
others have reported lower rates for women8.

Effect size and absolute mean difference was similar between fast-track and traditional
treatment groups (.41, 33 m, and .43, 36m respectively, p =.50). Interestingly, a 3%
poorer 6MWD response post-CR was noted for women compared to men in the CRdatabase. The male gender has previously been found to be an independent predictor
of 6MWD improvement108. Further, Bittner et al.’s (2000) study found more women
than men reported dyspnoea and angina at both the baseline and the post-CR
assessments (48% versus 24%, p= .007 and 33% vs 12%, p =.004 respectively)108.
However, others report 6MWD improved 10%-15% post-CR in women104
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representing similar 6MWD improvements for both sexes104. The poorer response for
women in the current research might be due to the cohort’s high initial 6MWD
compared to other studies104 105 106 107 108 109 110 111 112, therefore limiting the ability of
the subjects to demonstrate improvement. As lower functioning patients reportedly
experience greatest improvements57 112 a ceiling effect may have affected women to a
greater extent than men.
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The post-hoc power calculated for the tests were 98.5% for time, 100% for sex, and
81% for between treatment groups. There is therefore a strong indication that there is
no significant difference between the 6MWD outcomes between the two treatment
groups, i.e. fast-track was as effective a model of CR as the traditional model.

Study limitations:
While the CR-database information was prospectively recorded at the time of each
assessment, this manuscript reports on a retrospective examination of the CRdatabase. Dropouts and variable assessment attendance resulted in incomplete data
sets for some subjects. The research was conducted in a clinical setting, and although
standardised care and assessments were undertaken, changes to processes and data
collection for the CR-database occurred over the period of the study with an
indeterminable effect on data quality.

4.6 Conclusion
A review of a CR-database (August 2007 to December 2010) showed no difference in
6MWD outcomes for subjects completing CR-models consisting of either one hour of
exercise each week and a single 7-hour day of education or two hours of exercise and
two hours of education each week over a 6-week period. Women demonstrated a 3%
poorer 6MWD response post-CR than men after allowing for the effects of assessment
time and treatment group. Based upon the current review, further research to explore
the response to CR in women is warranted.
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Chapter 5 – (Study 4): repeatability of the six-minute walk
test in outpatient cardiac rehabilitation

The systematic review reported in Chapter 2, identified only two studies examining the
repeatability of the 6MWT in CR 120

121

. While strong test-retest reliability (intraclass

correlation = .97) was reported for 6MWD between repeated 6MWTs120

121

, a 3%-8%

improvement in distance walked was noted between successive 6MWTs120 121. These
studies were conducted at a single time point i.e. at the commencement of CR, and it
is not known if this observed improvement in 6MWDs would occur at each
presentation of the 6MWT such as upon re-assessment following CR completion and at
follow up reviews.

Chapter 5 presents a research study that examined the repeatability of the 6MWT over
three successive assessment periods in an outpatient CR setting.
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5.1 Statement of contribution to co-authored published paper
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Permission to re-use the accepted author manuscript and the published journal article
was obtained from Rights Link and the license is in Appendix B.

Permission to

acknowledge those who contributed to the research but did not qualify as authors in
the published paper is in Appendix H. Chapter 5 excludes some work that was part of
the published manuscript (a paragraph from the discussion has been relocated to the
discussion of Chapter 3) and includes additional work that was not part of the
published manuscript, i.e. the results and discussion surrounding Figure 9, Figure 11
and Figure 12 have been altered to include predicted 6MWDs at each assessment.
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5.2 Abstract
Title:

Repeated six-minute walk tests for outcome measurement and exercise

prescription in outpatient cardiac rehabilitation: a longitudinal study.
Objective: To determine if repeated 6MWTs are required for outcome measurement
and exercise prescription in a typical CR population. Design: Prospective longitudinal
observational study. Setting: Outpatient community health centre. Participants: 61
of 154 consecutive patients. Intervention: Two 6MWTs were conducted at three
assessment points, i.e. at pre-CR, post-CR and 6-months post- CR. Main outcome
measure: 6MWD. Results: Mean (SD) 6MWD for 6MWT1 and 6MWT2 at the three
assessment points were 507(85) and 522(84), 532(86) and 560(87), 549(99) and
575(107)m. Repeat 6MWDs were strongly correlated at each assessment point, with
intra-class correlation coefficient (95% CI) =.96 (.93, .98), .97 (.92, .98) and .94 (.89, .97)
respectively. Relative increases in mean 6MWD from 6MWT1 to 6MWT2 at each
assessment point was 3%, 5%, and 5%, respectively (p<.001 in each case). Differences
in walking speed derived from 6MWD1 and 6MWD2 did not translate into differences
in exercise prescription. Conclusions: The difference between 6MWD1 and 6MWD2
was consistent regardless of previous exposure to 6MWTs. A single 6MWT was as
effective as two repeated 6MWTs for outcome measurement and exercise
prescription. We therefore recommend, when 6MWDs are used for CR outcome
measurement, either a single 6MWT is used, or that the number of 6MWTs performed
is consistent at all assessment points.
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5.3 Background
The American College of Cardiology recommends symptom limited exercise testing for
all patients prior to engagement in CR 1.

Cardiopulmonary exercise testing to

determine VO2max represents the gold standard for determining baseline functional
capacity, training intensity, cardiovascular risk, and for the evaluation of training
outcomes in this population1. However, in settings where low to moderate intensity
exercise training is more commonly performed, most patients will not undergo an
exercise stress test prior to CR2. Rather, the 6MWT is frequently recommended 2 3 to
estimate functional exercise capacity. The primary outcome of the 6MWT, the 6MWD,
is used both to prescribe exercise training intensity and as an outcome measure for
CR104.

A systematic review found the 6MWT to be the functional walk test most
representative of daily activity levels in cardiorespiratory patients and the walk test of
choice in this population for clinical and research purposes 99. While Study 1 of this
thesis found moderate level evidence in CR patients for a moderate to high correlation
between the 6MWD and maximum-metabolic-equivalents achieved on symptom
limited exercise test115
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and similarly for a moderate relationship between peak

heart rate responses during 6MWTs and during exercise tests at ventilatory
threshold105

121

, there remains conflicting evidence for the relationship between

6MWD and measures of quality of life in the CR population104 106 120. Interestingly, in
subjects with CHF, 6MWD identifies patients more likely to experience hospitalisation
and death at one year follow up99.
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Guidelines for 6MWTs in CR have not been established and use of the 6MWT in this
population has been extrapolated from the thoracic and sports medicine literature 104
105 107 120 122 141

. Unlike pulmonary rehabilitation there does not appear to be an

agreed upon minimal clinical difference for CR. In 2003 Verrill et al.104 reported 6MWD
effect size for CR of .48 to .80 indicating a moderate to large effect. Reports indicate
an increase in 6MWD following CR of 43 to 74m (10%-26%)104 105 106 107 108 109 110 111 112.

ATS Guidelines4 recommend that in most clinical settings a practice 6MWT is not
required.

However, they cite a 66-foot (20m, 6%) improvement in 6MWD on

consecutive day retest for patients with severe COPD. In CHF high repeatability
between 6MWTs has been reported when tests were performed on three successive
days (r=.96)96, and between repeat 6MWTs conducted at weekly intervals95. The
6MWT has proven to be repeatable when performed prior to the commencement of
CR120

121

with one study120 reporting strong test-retest reliability with ICC of .97 for

three 6MWTs conducted on non-consecutive days prior to commencement of CR,
despite a steady increase in the mean 6MWD each day.

The reliability of 6MWTs has only been explored at entry into CR 120 121 and currently it
is unknown whether the difference between repeated 6MWTs remains following CR or
if these differences substantially affect outcome measurement in CR. It is possible that
despite patients undertaking exercise-based CR and becoming familiar with the 6MWT,
120

that the differences between repeated 6MWTs are maintained over time and there
may be no need to conduct repeated tests at each time point.

6MWTs are used not only in outcomes measurement in the CR population, but may
also be used to determine walking speed for exercise prescription. The 6MWD may be
used to calculate a mean walking speed and to derive a training intensity as a
percentage (typically 65%-75%) of this speed. Currently it is not known whether the
difference in 6MWD obtained from repeated 6MWTs at commencement of
rehabilitation would translate into tangible differences in prescribed exercise training
intensity.

Our study aimed to determine the repeatability of 6MWTs at commencement, postcompletion and at 6-months post-completion of a CR program and to assess the
potential impact of difference in 6MWD obtained from repeated commencement
6MWTs in the prescription of exercise intensity. We hypothesised that the percentage
change in 6MWD between the first and second 6MWTs would remain constant at all
three time points.

Further, we hypothesised that at commencement of CR, any

difference between training intensity derived from 6MWD1 and 6MWD2 would have
no impact on exercise prescription for subjects.
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5.4 Methods
Approval was obtained from The Prince Charles Hospital Research Ethics Committee
(Appendix F). Consecutive subjects referred to the community CR program were
invited to participate in the study (Appendix G). Subjects were excluded if they were
unable to participate in assessment, exercise sessions, or understand instructions.
6MWTs were conducted pre-CR, post-CR and at 6-months post-CR of the program by
one of two independent assessors, both physiotherapists experienced in the use of the
6MWT. Data collection included a medical history, measurements of height, weight,
waist circumference, HR, SBP, DBP and RPE (Appendix C).

As described by other CR researchers105 107 6MWTs were based upon ATS guidelines4.
Assessors were instructed in the 6MWT protocol including use of a script and
standardised encouragement4 to ensure testing was in accordance with guidelines
(Appendix E). Each subject completed two repeated 6MWTs separated by at least 10
minutes of seated rest until HR, BP and RPE returned to baseline. The 6MWT was
conducted along a flat, 30m, outdoor, covered path with cones marking the turning
points.

The assessor recorded the distance walked, the number, timing and reasons for rests,
and each subject’s HR, BP, and RPE immediately upon completion of the 6MWT, or if a
subject stopped walking during the test for any reason. RPE were measured using the
6-20 Borg scale as recommended by CR guidelines2

3 44

. HR was monitored using a
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Polar HR monitor and BP was evaluated with a sphygmomanometer Welch Allyn and
stethoscope.

The multidisciplinary CR program was conducted over a 6-week period with subjects
attending up to 12 education and up to 12 supervised exercise sessions. Exercise
training sessions were of one hour duration and were conducted either once or twiceweekly, including warm up, cool down, stretches, strength training and an aerobic
circuit class. Treadmill training intensity was commenced at 65%-75% of the speed
derived from subjects’ initial 6MWD and exercise prescription was progressed based
upon subjects’ HR, BP and RPE responses to exercise. Subjects were encouraged to
exercise between eight and 13 on the Borg Scale44. In addition to this centre-based
program, patients were instructed in home-based exercise including walking or cycling
and light weights. During the 6-month period following CR, patients were encouraged
to continue exercising and to attend a self-directed, maintenance program in the
rehabilitation gymnasium once or twice-weekly.

To establish the degree of limitation for the cohort, predicted 6MWDs were calculated
at commencement using equations for healthy adults 130.

Walking speed was

calculated from 6MWDs at commencement using standard formulae,
Speed (km.hour-1) = 6MWD (m)*10/1000; and effect size was calculated using Cohen’s
difference104 113.
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Data analysis was performed using Statistics Package for Social Sciences and graphs
plotted with SigmaStat software. We examined 6MWT response variables (6MWD,
post-test HR, BP and RPE) by a series of two-factor repeated measures analyses of
variance with the assessment time point (i.e. pre-CR, post-CR, 6-months post-CR), the
repetition number (i.e. 6MWT1, 6MWT2) as the within subject factors. We used a
two-tailed student’s t-test for paired data to examine the difference between the
speeds calculated from the 6MWD1 and 6MWD2 at commencement of rehabilitation
and performed Chi-Square analysis to compare the frequency of subjects’ inability to
perform a second 6MWT across time points. We used ICC and 95% CI to assess the
relationship between 6MWD1 and 6MWD2 and a Bland Altman plot142 143 to assess the
consistency of this relationship over the range of values for 6MWD.

5.5 Results
Sixty-one of 154 consecutive patients referred for CR assessment consented to
participate in the study. Figure 8 shows the flow of subjects through the study and the
reasons for any withdrawals and data loss. Eleven subjects (18%) withdrew from the
study, seven following initial assessment and four failing to return for the 6-month
assessment. Four other subjects were unable to complete the rehabilitation program
but returned for 6-month follow up. 6MWT data were not fully collected for one
subject pre-CR, and for three subjects at both the post-CR and 6-month post-CR
assessments.
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Figure 8: Flow diagram: 6MWT repeatability participants (Study 4)

Note that subjects in the pale grey cell and the first dark grey cell re-entered the study for the 6-month review. Data
were not collected for subjects in the dark grey cells.

Baseline data for the sample including diagnoses, mean (SD) age of 62 (11) years,
gender (74% men) and resting observations were similar to that described by others104
105 107 108 120

for the CR population (Table 13). On average (SD) subjects attended 9.8

(2.6) education and 9.6 (3.6) exercise sessions.
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Table 13: Baseline data for 6MWT repeatability participants (Study 4)
Mean
Age
(Range = 27-80 years)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats.minute-1)
Body mass index (kg.m-2)
Waist (cm)
Reported physical activity (minutes.week-1)
Gender
Men
Women
Diagnosis
Angina
AVR
CABG
CABG + AVR or TVR
MI ± Stent / PCI
Out of hospital arrest ICD implant
PCI ± Stent
Risk factors a

62
126
75
66
29
104
164

(SD)

N

(%)

(11)
(17)
(10)
(12)
(7)
(12)
(116)

61
61
61
61
59
54
61

(100)
(100)
(100)
(100)
(97)
(89)
(100)

n/a
n/a

n/a
n/a

45
16

(74)
(26)

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

8
1
17
2
13
1
17
2

(13)
(2)
(28)
(3)
(21)
(2)
(28)
(3)

Abbreviations: 6MWT, six-minute walk test; AVR, aortic valve replacement; b, beats; CABG, coronary artery bypass
graft; cm, centimetres; ICD: intracardiac defibrillator; kg, kilograms; m2, metres squared; MI, myocardial infarction;
mmHg, millimetres of Mercury; n/a, not applicable; PCI, percutaneous coronary intervention; SD, standard deviation;
TVR, tricuspid valve replacement..
a

has one or more of following risk factors without specific diagnosed disease: hyperlipidaemia, hypertension,
obesity, reduced physical activity, type II diabetes; stress, male gender, age > 60 years.

A total of 140 paired 6MWDs were recorded over the three successive assessment
points. Mean (SD) 6MWD for 6MWT1 and 6MWT2 at the three times were 507 (85)
and 523 (86), 532 (86) and 560 (87), 549 (99) and 575 (107)m. Some subjects having
completed 6MWT1 at a given assessment point, were unable to complete a second
6MWT. The frequency of this occurring did not vary significantly between time points
126

(5/61 pre-CR, 5/46 post-CR, and 4/47 at 6-months post-CR, Chi-Square,

2

= .89, df=2,

p> .50). Reasons for not completing 6MWT2 included intermittent claudication, chest
pain, arthritic pain or lack of assessor or patient time. Using two-tailed t-tests, the
mean (SD) 6MWD1 for subjects not completing 6MWT2 was only significantly less than
that for subjects completing a second test at the post-CR assessment point, 473(125)m
versus 542 (76m), p=.03, there being no significant difference at the pre-CR or the 6months post-CR assessment.

Error! Reference source not found. shows the average 6MWD1 and 6MWD2 for all
ubjects in comparison to the average predicted 6MWD for subjects based upon age,
gender, height and weight130 at the three assessment points. There was a gradual
increase in distance walked for both 6MWT1 and 6MWT2 at each successive
assessment point and at each of these assessment points, 6MWD2 was greater than
6MWD1. The average (SD) predicted 6MWD was 523 (78), 520 (71) and 530 (70)m at
pre-CR, post-CR and 6-months post-CR.
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Figure 9: Predicted 6MWD, and 6MWD1 and 6MWD2 across all times
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Data is provided for predicted 6MWD (black), 6MWD1 (light grey) and 6MWD2 (dark grey) at pre-CR, post-CR and
6-months post-CR assessment following a 6-week CR program, for all subjects presenting for assessment at each
time point (N= 61, 46, and 47 respectively).
a

A significant difference was noted between means for 6MWD1 and 6MWD2 at each assessment point, p<.001 using
Holm-Sidak pair-wise multiple comparison method following two factor repeated measures ANOVA) to assess the
means.

Table 14 lists the post-6MWT clinical observations for these assessments and
compares these to resting values. While there was no change for BP and RPE between
6MWT1 and 6MWT2 at or between assessment points, exercise HR increased between
6MWT1 and 6MWT2 at all three assessment points (p<.002). Further, exercise HR
increased between the pre-CR and post-CR assessments for both 6MWT1 and 6MWT2
(p<.01), and all post-6MWT observations except DBP were significantly greater than
resting values (<.003).
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Table 14: Clinical observations following 6MWTs
Pre-CR
Number of Subjects
Walking speed (km.hour-1)
SBP (mmHg)
DBP (mmHg)
HR (beats.minute-1)
RPE (6-20)

Post-CR

6-months post-CR

Resting

Test 1

Test 2

Test 1

Test 2

Test 1

Test 2

61
n/a
126 (17)
75 (10)
66 (12)
6 (.7)

61
5.1 (.8)
142 (18) b
76 (11)
87 (18) b
12 (1) b

56
5.2 (.8) a
141 (22) b
76 (12)
90 (19) b c
12 (2) b

46
5.3 (.9)
139 (19) b
75 (10)
95 (20) b d
12 (2) b

41
5.6 (.9) a
140 (17) b
74 (11)
100 (22) b c d
12 (2) b

47
5.5 (1)
144 (22) b
74 (17)
89 (18) b
11 (2) b

43
5.8 (1.1) a
144 (25) b
72 (11)
95 (22) b c
11 (2) b

Abbreviations: 6MWT, six-minute walk test; 6-months post-CR, six-months post-cardiac rehabilitation; b.minute-1, beats per minute; DBP, diastolic blood pressure; HR, heart rate;
mmHg, millimetres of mercury; n/a, not applicable; post-CR, post cardiac rehabilitation; pre-CR, pre-cardiac rehabilitation; RPE, rated perceived exertion; SBP, systolic blood pressure.
Mean observations and standard deviations (SD) were made immediately following 6MWTs at pre-CR, post-CR, and at 6-months post-CR assessments for all subjects. One and two
factor analysis of variance for repeated measures with Holm-Sidak pair-wise multiple comparisons were performed: No comparisons, except those indicated, were significant.
a
b
c
d

p< .001, Test 1 versus 2
p< .003, Observation versus Resting Value
p< .002, Test 1 versus 2
p< .01, pre-CR versus post-CR
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For 33 subjects (54% of the cohort) paired 6MWDs were available at all three
assessment points (99 paired tests).

These data are presented in Figure 10(A)

demonstrating an overall ICC (95% CI) of .93 (90, .95), p<.001; the Bland Altman Plot142
143

, Figure 10(B), revealed a positive bias (95% limits of agreement) of 15.8m (-39.9,

70.6m) between 6MWD1 and 6MWD2. A weak but significant relationship (r=.37,
p<.01) was found between the average of, and the difference between, 6MWD1 and
6MWD2. This suggests that the reported bias was not consistent across 6MWD such
that in cases where 6MWD was high the difference between 6MWD1 and 6MWD2 was
greater than in cases where 6MWDs are low. Table 15 compares results for these 33
subjects with those for the entire cohort and Figure 11 plots the percentage change in
6MWD between repeated tests at each assessment against 6MWD1, 6MWD2, and
predicted 6MWD at the pre-CR assessment for individual subjects

Difference Score: 6MWD2 - 6MWD1 (meters)

Figure 10: Scatter and Bland Altman plots for 6MWD1 and 6MWD 2
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Comparisons are for all subjects with complete 6MWD data at all time points (N=33). Scatter plot is shown at (A)
and Bland Altman Plot at (B). 6MWD is represented by ●at pre-CR, ○ post-CR, and ▼at 6-months post-CR
assessments following rehabilitation program. In plot (A) the unbroken line (−) represents the linear regression line,
the equation for which is 6MWD2 = (1.08*6MWD1) – 27.47m, with the intercept on the y-axis at 352.7m. ICC= .93
(95% CI, .90 and .95). In plot (B) the dotted line (…) represents the bias (SD) of 15.8 (28)m, and the broken lines
(- -) represent the 95% limits of agreement (-39.9, 70.6m). Pearson’s correlation coefficient, r=.37.
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Table 15: 6MWD1 and 6MWD2 data for subjects before and after CR

Mean 6MWD (m)

Test 2 (SD)

Difference
Score
(6MWD2 6MWD1)

507 (85)
532 (86)
549 (99)

522 (84)
560 (87)
575 (107)

46/41
47/43

26 (1) / 5%
43 (14) / 8%

Paired Data across all times
pre-CR
post-CR
6-months post-CR

33/33
33/33
33/33

521 (62)
554 (63)
564 (79)

Difference between mean distance walked:
pre-CR to post-CR / % change
pre-CR to 6-months post-CR / % change

33/33
33/33

33 (2) /6%
43 (17) / 8%

No. of subjects
Completing
6MWT1/6MWT2

Test 1 (SD)

All Data
pre-CR
post-CR
6-months post-CR

61/56
46/41
47/43

Difference between mean distance walked:
pre-CR to post-CR / % change
pre-CR to 6-months post-CR / % change

b
c
c

d
e

ICC
(95% CI)

Effect
Size
Test 1

Effect
Size
Test 2

15 (3%)
28 (5%)
26 (5%)

.96 (.93, .98)
.97 (.92, .98)
.94 (.89, .97)

n/a
n/a
n/a

n/a
n/a
n/a

37 (3) / 7%
53 (23) /10%

11 (2%)
10 (2%)

n/a
n/a

.30
.50

.45
.63

533 (71)
570 (74)
581 (89)

12 (2%)
16 (3%)
17 (3%)

.93 (.85, .96)
.95 (.91, .98)
.91 (.82, .95)

n/a
n/a
n/a

n/a
n/a
n/a

n/a
n/a

.53
.70

.53
.68

38 (4) / 7% d
48 (19) / 9% e

5 (1%)
5 (1%)

a

Abbreviation: 6MWD, six-minute walk distance; 6-months post-CR, six-months post-cardiac rehabilitation; n/a, not applicable; post-CR, post-cardiac rehabilitation; pre-CR, pre-cardiac
rehabilitation; SD, standard deviation.
NOTE. Includes comparisons of repeated 6MWDs at the given assessment point and differences across different times. The data presented compares 6MWD data for all subjects to data
for subjects with paired 6MWDs across all assessment points (N=33) Distances are shown with corresponding percentage of change in parentheses when relevant.
Two-factor analysis of variance for repeated measures with Holm-Sidak pairwise multiple comparisons:
a
ICCs shown for 6MWD1 and 6MWD2 between times.
b
p<.02, test 1 versus 2.
c
p<.001, test 1 versus 2
d
p<.001, Pre-CR versus post-CR
e
p<.001, pre-CR versus 6-months post-CR.
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Predicted 6MWD & Pre-CR 6MWD1& 2 //
(6MWD2-6MWD1)/6MWD1 % pre- post and 6mnth post-CR

Figure 11: Relationship between predicted 6MWD, pre-CR 6MWD1 and % change for
6MWD1 and 6MWD2 at each assessment
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Comparisons are for all subjects with data at the pre-CR assessment (N=61). Where data is missing, no line points
are shown.
The black line ( ) represents the predicted 6MWD (m) for subjects at the pre-CR assessment, the red line ( )
represents the pre-CR 6MWD1 (m), the pink line ( ) represents the pre-CR 6MWD2 (m). Representing the
[(6MWD2-6MWD1)/6MWD1]% (% m) at pre-CR is the green line ( ), at post-CR is the yellow line ( ), and at
6-months post-CR is the royal blue line ( ).

6MWD increased by 3%-5% from 6MWT1 to 6MWT2 at each assessment point and a
moderate effect size was demonstrated for both 6MWT1 and 6MWT2 (Table 15).
Strong correlations were demonstrated between 6MWD1 and 6MWD2, ICC (95% CI)
=.96 (.93, .98), .97 (.92, .98) and .94 (.67, .89), at all three assessment points. When
comparing outcomes (pre-CR to post-CR; and pre-CR to 6-months post-CR), the
difference between 6MWD2 and 6MWD1 remained constant between assessment
points at 11m (2%).
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Walking speed was calculated from 6MWDs. At commencement the average (SD)
derived speed was 5.1 (.8) km. hour-1 for 6MWD1 compared to 5.2 (.8) km. hour-1 for
6MWD2 (p<.001) (Table 15). Figure 12 indicates the differences in individual subjects’
walking speed derived from 6MWD1 and 6MWD2 were .46 km.hour-1 or less.

Figure 12: Comparison of individual subjects’ walking speed for 6MWD 1 and 2
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Speed is calculated from 6MWD1 and 6MWD2 for individual patients at pre-CR assessment.

5.6 Discussion
Our study examined repeated 6MWTs in patients pre-CR, post-CR and 6-months postCR in an outpatient CR program. We report an increase in 6MWD from 6MWT1 to
6MWT2 with strong correlations between 6MWD1 and 6MWD2 (ICC=.96, .97 and .94)
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at all three assessment points. Therefore, if we were interested in the absolute value
for 6MWD, we would need to conduct repeat 6MWTs at each assessment point as we
have demonstrated a learning effect each time the 6MWT is presented. We would
argue, however, that the absolute difference in 6MWD is not as important for
outcome measurement as detecting relative change between time points. Importantly,
we found that relative (i.e. percentage) change in 6MWD between assessment points
was essentially consistent for 6MWT1 and 6MWT2 (i.e. between 3% and 5%) and a
single 6MWT would have been adequate to demonstrate the relative change in 6MWD
over the follow up period. Further, the difference in walking speed derived from
6MWD1 and 6MWD2 at commencement (.1 km.hour-1) did not translate into
differences in treadmill training speed. Therefore, based on the results of our study
we recommend that repeated 6MWTs are not required for outcome measurement or
for exercise prescription in the CR population.

Like others120 121 we found that at commencement of CR a second 6MWT resulted in a
greater 6MWD when compared to the first 6MWT. However, we also report that at
assessments post-CR and at 6-months post-CR the difference between the first and
second 6MWD was sustained (p<.001 for all time points). The percentage increase in
mean 6MWD obtained in our study with 6MWT re-test at each assessment point (35%), is consistent with the 2% to 8% improvement described previously for repeated
6MWTs prior to CR120

121

. We postulate that the sustained difference demonstrated

between 6MWD1 and 6MWD2 at each assessment point indicates that adaptation
occurs each time the test is presented to subjects, despite the subjects undertaking a
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walking based exercise program and having previous exposure to the 6MWT. The rise
in post-exercise HR from 6MWT1 to 6MWT2 would support this hypothesis and
suggests that subjects tend to gauge their performance in the first 6MWT and then
exert themselves more during 6MWT2.

Our results also demonstrate that despite a small increase in the 6MWD from 6MWT1
to 6MWT2, a single 6MWT was better tolerated by subjects than two repeated
6MWTs. All but one subject completed 6MWT1 at each assessment point whereas ten
subjects (16%) did not complete 6MWT2 at one or more assessment points. Our
results suggest that subjects unable to complete a second 6MWT tended to have lower
6MWDs than completers. The practical implication is that where repeated 6MWTs are
required, the score for subjects with low 6MWDs may be underestimated due to an
inability to perform a repeat 6MWT within the test period.

In calculating mean walking speed for treadmill training from the 6MWD we found a
statistical difference between exercise workloads derived from 6MWD1 and 6MWD2;
however, this translated to a difference of only .1 km. hour-1. The absolute difference
in walking speeds for individual subjects was .46 km. hour-1 or less. This maximum
difference in the two derived walking speeds converted to an initial treadmill training
speed difference of .29 to .35 km. hour-1 (i.e. 65%-75% of .46 km.hour-1), which is less
than the increment by which a clinician would make a meaningful adjustment in
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treadmill speed. This supports our recommendation that a second 6MWT is not
required for exercise prescription in this population.

A study of portable telemetric gas analysis during 6MWTs prior to CR 121, found an
increase in 6MWD with 6MWT2, but no statistical change for VO 2peak, peak ventilation
(VEpeak), or for HR was measured between tests. This suggests that while subjects may
walk further on the second 6MWT that there may be no physiological change with
repeated 6MWTs in CR patients. We found a statistical difference in HR measured
immediately following 6MWT1 and 6MWT2 at each assessment point and also a
difference in HR following 6MWT1 and 6MWT2 between pre-CR and post-CR
assessments without any concurrent changes in BP or RPE. While our observations for
HR do not replicate the previous study121, in the absence of continuous HR monitoring,
it is difficult to draw conclusions as to the cause of these differences; it may be a factor
of increased motivation with subjects trying harder on 6MWT2, and it is possible that
no improvement in fitness may have occurred between pre-CR and post-CR and the HR
data merely reflects a gradual increase to maximal effort. Other possible causes of the
differences in HR change observed between the studies are cohort size (61 versus 9,
respectively); initial mean 6MWD1 (SD), 507 (85)m versus 462 (78)m, respectively;
different methods of HR assessment (single point using a HR monitor Polar versus
portable telemetric gas analysis, respectively); and possible differences in beta-blocker
regimes for subjects.

136

6MWD for subjects participating in the current study ranged from 386m to 717m,
indicating a range of subject size, age and physical dysfunction. Bland Altman analysis
demonstrated a positive bias (SD) of 15 (28)m for 6MWD2 over 6MWD1. 95% CI was
relatively wide (-39.9, 70.6m) indicating considerable variability in response to the
6MWT2 in our cohort. Our results suggest that for subjects with shorter 6MWD the
difference between 6MWD1 and 6MWD2 tended to be less than for subjects with
greater 6MWD. This weak relationship may be reflective of those subjects walking
greater distances on 6MWT1 having less morbidity, resulting in an increased ability to
boost their walking pace and thus cover greater distances on 6MWT2 and conversely
those walking shorter distances on 6MWT1 having greater morbidity, resulting in an
inability to increase pace during 6MWT2. This disparity in response tended to be
greatest for those walking furthest and for those walking the least. In addition, the SD
about the mean 6MWD at 6-months post-CR was greater than at other times. Figure
11 demonstrates that much of the variability in the percentage change between
repeated tests was confined to four, six and nine of the subjects at the pre-CR, post-CR
and 6-months post-CR assessments respectively.

Plots depicting the individual

differences in walking speed for 6MWD1 and 6MWD2 at the post-CR and 6-months
post-CR assessments were not included in this report as these were similar to that
provided for the pre-CR plot (Figure 12) and did not add further insight or clarity to the
issue. Multiple factors, including recent illness and musculoskeletal changes were
noted as negatively affecting some subjects during their 6MWTs at the 6-month postCR assessment. Rather than exclude subjects affected by these factors we believe
these are representative of issues facing the CR population over a 6-month period.
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The difference observed for 6MWD1 between pre-CR and post-CR as shown in Table
15, (26m) is only 11m greater than the difference observed between 6MWD1 and
6MWD2 at commencement (15m). In the event of comparing pre-CR 6MWD2 to postCR 6MWD1, a 10m improvement would be noted, this value being 5m less than the
difference found between pre-CR 6MWD1 and pre-CR 6MWD2.

This difference

therefore might be misinterpreted as a lack of improvement following CR above usual
changes noted with a repeated 6MWT. Similarly, comparison of pre-CR 6MWD2 to 6months post-CR 6MWD1 would find a 27m improvement, which is substantially less
than the findings if a consistent number of 6MWT trials were used for evaluation at
each assessment, in this instance 42m and 53m for 6MWD1 and 6MWD2 respectively.
This finding suggests that the degree of change for 6MWD could be underestimated if
consistency in the number of tests performed is not maintained at all assessment
points.

Study limitations:
Only 61 of 154 patients consented to participate in the study; however, we believe
these 61 to be representative of the CR population. Limitations to our study are that
while a minimum of 10 minutes rest was required between 6MWTs the actual rest
time was not recorded; we cannot be sure that subjects exercised maximally during
6MWTs as HR was measured once at the end of each 6MWT; and our training program
was likely to be of a lower intensity, frequency and duration than other programs 104.
However, we do not believe these factors affect the overall results of the study. The
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strength of our study is that a 32-week follow up occurred for 82% of subjects and 33
subjects had complete data sets across all assessment points. Future research could
determine responders to CR based upon 6MWD and examine the effect of change in
6MWD on the perception of walking ability in the CR population.

5.7 Conclusion
Our study has demonstrated that although a significant difference between 6MWD
obtained from repeated 6MWTs existed pre-CR, post-CR, and at 6-months post-CR
asessments, there was a high degree of correlation between the two tests at all time
points. Further, the difference between 6MWD1 and 6MWD2 was consistent over a 6week and a 6-month period regardless of previous exposure to the test. We report
that a single 6MWT was well tolerated by subjects and was as effective as two
repeated 6MWTs in measuring clinical outcomes over a 32-week period. We also
contend that a single 6MWT was as effective as repeat 6MWTs for the prescription of
exercise in the CR population.

Because of the sustained difference between repeated tests we recommend either the
use of a single 6MWT at each assessment point, or that consistency is maintained in
the number of 6MWTs performed at assessments when 6MWDs are used for outcome
measurement in CR.

139

5.8 Suppliers
HR monitors: Polar HR monitors (Polar Electro Oy: Professorintie 5, Kempele FIN-90440
Finland)
Sphygmomanometer: Welch Allyn 767 Series Mobile Aneroid Sphygmomanometer
(Welch Allyn: PO Box 132, Rydalmere NSW 1701, Australia)
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Chapter 6 – (Study 5): the reliability of the timed up and
go

test

in

outpatient

cardiac

rehabilitation

and

comparison with the 6-minute walk test

The conclusions drawn in Chapter 5 indicated that a consistent improvement in the
6MWD occurred on each presentation of the 6MWT in CR subjects. It was further
concluded that a single 6MWT was adequate for outcome measurement in outpatient
CR or if repeated 6MWTs were to be used that there was a requirement for the same
number of repeated 6MWTs to be performed at each presentation of the test.

While the finding that a single 6MWT is adequate for outcome measurement should
be welcome news for CR programs, there are considerable numbers of patients who
find it difficult to perform even a single 6MWT due to their comorbidities, reduced
functional capacity and poor cardiac status. Therefore, it would seem expedient to
examine other methods of outcome measurement that may be more applicable to a
wider group of patients while retaining the ability to measure functional capacity.

One such measure of functional capacity used in other chronic disease populations and
the elderly is the TUGT100. As an outcome measure, the TUGT has often been used to
evaluate exercise programs in these populations10 11 12 13 14 15 and anecdotally may also
be often used in the CR population, however its role in CR is not well understood.
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The current chapter presents the evidence supporting the use of the TUGT as a
functional capacity outcome measure in chronic disease populations. Further, the
chapter reports on a longitudinal study of the TUGT in outpatient CR and compares the
TUGT to the 6MWT for outcome measurement in this setting.

6.1 The timed up and go test
The TUGT has been reported to correlate well with measures of balance, walking
speed and functional ability100. As balance, age and strength play a role in determining
6MWD102, the TUGT could be considered as an alternative to the 6MWT for outcome
measurement in the CR population.

The TUGT can be safely completed by most community-living subjects144 and requires
easily obtained equipment, namely, a chair, a 3m track and a stopwatch145. Further, a
single TUGT takes less than two minutes to perform 146 giving the TUGT considerable
advantage over the 6MWT for efficiency while providing a measure of physical
function.

6.1.1 Reliability
Normative and reliability TUGT data is available for community-living elderly people
across various age groups and genders144

145 147

. However, a systematic review in
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community-living elders found little standardisation of TUGT procedures145. Protocols
used either single or repeated tests (with or without practice tests) and those with
repeated tests recording the best of, or the average of repeated tests measured.
Despite this the TUGT was found to be reliable with excellent inter-rater and intrarater reliability (ICC = .97 to .99)145.

6.1.2 Reliability over time
Reliability of the TUGT over time has been assessed in community living elders by
conducting a single TUGT on three separate occasions separated by six weeks, i.e. one
at baseline, and one at both six and 12 weeks post-baseline15. Practice TUGTs were
not performed and no intervention was provided between tests. A difference of 3.2
seconds (secs) occurred between TUGT1 and TUGT2, and only one second (sec)
difference occurred between TUGT2 and TUGT3. Intraclass correlation coefficient was
.80 across the three tests, with mean times gradually decreasing (10.1, 9.1 and 8.9
seconds respectively). Using between test comparisons (Bonferroni adjusted t-tests)
no significant difference was demonstrated between any pair of tests (p= .2 between
TUGT baseline to 12 weeks and p= .3 between TUGT baseline and 6 weeks)15.
However, Bland-Altman plots demonstrated that the 95% limits of agreement were
strongest between TUGT2 and TUGT3 (-3.4 to 3.9 secs). These authors concluded that
differences of several seconds are required to indicate change in performance,
particularly in the absence of a practice test15.
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6.1.3 Validity
A search of PubMed MEDLINE, SPORTdiscus, EMBASE, CINAHL, Cochrane Reviews and
Cochrane Clinical Trials failed to locate any articles examining the use of the TUGT in
the CR population.

However, despite the lack of evidence to support its use,

anecdotally the TUGT has been used clinically in cardiac patients, especially in more
debilitated populations such as patients with heart failure and congenital heart
disease. The TUGT has more commonly been employed in the aged care and falls
setting to assess physical function148 149 150. Further, the TUGT has often been one of a
battery of tests used to evaluate the effectiveness of exercise training programs in
populations such as those with osteoporosis10, renal impairment11, diabetes12, post
total hip replacement13, obesity14, and in independent community-living elders15.

The TUGT has shown good correlation when compared to other measures of balance
gait and coordination in the elderly100
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. The TUGT has demonstrated moderate to

strong correlations with the Berg Balance Scale (r= -.81), the Barthel index (r= -.78)100,
gait speed (r= -.66), the Tinetti Gait scale (r= -.53) and ADL score (r= -.45)146.
Significantly, the TUGT has been found to be predictive of falling 146 and of a patient’s
ability to go safely outside the home without the assistance of another person in a
group of community-living older individuals100. Langely and Mackintosh145 suggest that
the TUGT and gait speed are both measures of dynamic balance, and postulates that
the lack of stronger correlations found between TUGT and gait speed (r=.55 to .66)
relates to the multiple tasks inherent in TUGT performance. The task requirements for
the TUGT include both a strength component (rising from the chair without use of the
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arms), a speed component (walking 3m and back), and a balance component (turning
quickly).

It could be argued that core and peripheral strength, proprioception, flexibility, agility,
and coordination are all pre-determinants of dynamic balance and that thus dynamic
balance is a pre-determinant of cardiovascular fitness. Indeed, the recommended
components of exercise prescription are aerobic activities, weight bearing exercise,
flexibility exercise, muscular strength, endurance and resistance exercise, calisthenics,
balance and agility exercise45. Further, it is well recognised that the proprioceptive
system in joints, muscles, tendons and skin, and the visual and vestibular systems are
essential for the maintenance of posture and activities such as walking 46. Balance may
contribute to the improvements in functional ability and exercise capacity noted
following training, although general aerobic activity, such as walking and cycling, has
not been shown to improve balance151.

However, a recent study by Seco and

colleagues in 2013152 demonstrated an improvement in strength, balance and HR
response following exercise training in 227 community living older adults who
participated in a 9-month training program. The program included twice-weekly 50 to
55-minute exercise sessions including, stretching, mobility, balance and strength
training and brief (3-minute) walk-run interval training and a 15 to 20 minute rest
period. Improvements in flexibility and balance were maintained out to the 3-month
post-training assessment152.
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6.1.4 Time taken and effect size
Isles et al. in 2004147 examined 456 community-living ambulatory women aged 20 to
80 years and observed a gradual increase in mean adjusted TUGTT (standard error of
the mean) from 5.31 (.25) secs for 20 to 29 year olds to 8.54 (.17) secs for those aged
70 to 79 years. These results were similar to those found by other researchers 144
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100

. Steffen reports mean TUGTT (SD) 10 (1) secs and 11 (3) secs for men and women

respectively aged 80 to 89 years144.

According to some researchers, an inability to complete a TUGT within 12 secs is
considered a failure to complete the test154. The determinants of failure to complete a
TUGT in subjects over 60 years and living in the community, were found to be greater
age, higher BMI, lower clock test scores (a test of cognitive ability), lower health scores
and a higher use of psychotropic drugs155. Further, women were almost twice as likely
to fail TUGT than men (OR=1.7 with 95% CI=1.3 – 2.3)155.

Table 16 shows the changes in TUGT times reported in studies of community-living
adults following a period of exercise training. From this data, an average effect size104
for each study (column 5) has been calculated by the author of this thesis to be 1.45.
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Table 16: TUGTT outcomes following exercise training in chronic disease
Study

Population

Intervention

Murphy et al.,
2008149

31 independent, communitydwelling women (mean age of
67.3 years)

Tai Chi 2x.week-1 for 12 weeks + self-practice
1x.week-1

Sousa et al., 2005156

20 subjects aged 70+ years

Young et al., 2007157

sedentary, postmenopausal,
independent-living, Caucasian
women

Zion et al., 2003158

8 community living subjects (>
60 years)
60 community-dwelling
women (aged ≥65 years)
postmenopausal women: 25
without osteoporosis and 28
with osteoporosis
26 Obese women aged 63±4
years

Kamide et al.,
2009159
Gunedi et al., 2008160
Grant et al., 200414

Baseline TUGTT
(SD) seconds
6.5 (1.1)

Post intervention
TUGTT (SD) seconds
-1.4 (n/a)

Effect Size

strength-training program: 3x.week-1 for 14
weeks, from 50% to 80% of 1RM.
Line dancing 1x class.week-1 ±progressively
loaded squats 5x.week-1 ± 2x.day-1 (4x foot
stamps) 5x.week-1. Mean results given for all
groups
8 weeks of training: 10 resistance band
exercises customised to each participant.
home-based exercise without home visits
3x.week-1 for 6 months
30 minutes submaximal aerobic exercise
program on treadmill 2x.week-1 for 4 weeks

6.0 (.4)

5.1 (.4)

2.25

10 (1)

8

(2)

2.00

10.5 (.7)

-14% (n/a) *

2.10

5.9 (.9)

5.5 (.7)

.44

7.1 (.6)

6.2 (.8)

1.50

40 minute of aerobic, strengthening, endurance
& flexibility exercise 2x.week-1 for 12 weeks

9.4 (2.7)

7.9 (1.6)

.56

Average Effect Size
for all studies

1.27

1.45

Abbreviations: n/a, not applicable or available; TUGT, timed up and go test; TUGTT, timed up and go test time; SD, standard deviation.
* This study provided % change in TUGTT only.
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In summary, although the TUGT is not an endurance task, and as such does not
measure exercise capacity, the TUGT is a measure of functional capacity, and may
correlate with other measures of functional capacity such as the 6MWD. It is possible
that the TUGT could provide a more global view of functional capacity than the 6MWT.
A search of the literature indicated that the TUGT has not previously been evaluated as
an outcome measurement for CR, and while research supports the use of the TUGT in
other rehabilitation settings, it is unclear if the TUGT can provide a measure of
functional capacity in CR, or provide sufficient information from which to prescribe
exercise intensity.
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Permission to re-use the accepted author manuscript and the published journal article
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6.3 Abstract
Title: Timed up and go tests in cardiac rehabilitation: reliability and comparison with
the six-minute walk test. Purpose: To test the reliability of TUGTs in CR and to
compare TUGTs to the 6MWT for outcome measurement. Methods: Sixty-one of 154
consecutive community-based CR patients were prospectively recruited.

Subjects

undertook repeated TUGTs and 6MWTs at pre-CR, post-CR and at 6-months post-CR.
The main outcome measurements were TUGTT and the 6MWD. Results: Mean (SD)
TUGTT1 and TUGTT2 at the three assessments were 6.29 (1.30) and 5.94 (1.20); 5.81
(1.22) and 5.53 (1.09); 5.39 (1.60) and 5.01 (1.28) secs. A reduction in TUGTT occurred
between each outcome point, p≤ .002. Repeated TUGTTs were strongly correlated at
each assessment, ICC ( 95% CI) = .85 (.76 to .91), .84 (.73 to .91) and .90 (.83 to .94)
despite a reduction between TUGTT1 and TUGTT2 of 5%, 5%, and 7%, respectively, p≤
.006. Relative decreases in TUGTT1 (TUGTT2) occurred from pre-CR to post-CR and
from pre-CR to 6-months post-CR of -7.5 (-6.9)% and -14.2 (-15.5)%; while relative
increases in 6MWD1 (6MWD2) occurred, 5.1 (7.2)% and 8.4 (10.2)%, respectively
(p<.001 in all cases). Pearson’s correlation coefficient for 6MWD1 to TUGTT1 and
TUGTT2 across all times was -.60 and -.68, p<.001 and the ICC (95% CI) for the speeds
derived from averaged 6MWDs and TUGTTs were .65 (.54, .73) p<.001. Conclusions:
Similar relative changes occurred for the TUGT and the 6MWT in CR. A significant
correlation between the TUGTT and 6MWD was demonstrated and we suggest that
the TUGT may provide a related or a supplementary measurement of functional
capacity in CR.
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6.4 Background
Outcome measurements are an important component of cardiac rehabilitation (CR) 104.
While symptom limited exercise testing remains the gold standard for determining
baseline exercise capacity and cardiovascular risk in CR 3, measures of functional
capacity such as the 6MWT are more commonly used in the clinical setting3 104.

Despite common usage of the 6MWT in CR, comorbidities often experienced by CR
patients, such as musculoskeletal, balance or vascular abnormalities161

162

, may limit

walking distance or prevent the completion of a 6MWT, such that the 6MWD may not
accurately reflect changes in functional capacity for all CR patients. Indeed, our recent
study (Study 4) reported that 2% of patients attending CR were unable to complete a
single 6MWT and 16% were unable to complete a duplicate 6MWT 163.

One short duration test, which may detect changes in patients’ functional status, is the
TUGT100. The TUGT is widely used to assess balance and mobility in the elderly148 150
and is valid and reliable in this population 15 145. It correlates well with other indices of
physical function e.g. the Berg Balance Scale (r= -.81), gait speed (r= -.61) and the
Barthel index of activities of daily living (r= -.78)100 and has been shown to correlate
well with the 6MWD in ambulatory subjects with spinal cord injury (rs= -.88)164. As
balance and strength are important determinants of 6MWD 102, the TUGT may be a
good alternative outcome measurement for the CR population.
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Although to our knowledge no study has examined changes in TUGT following CR, the
TUGT is frequently employed to evaluate exercise outcomes in community-living
adults10

11 12 13 14 15

. Improvements in TUGTT were demonstrated following exercise

training in subjects, post-total hip replacement13; who are elderly10 149 157 159 160 165 166;
have hypotension158; or who are obese with renal impairment 167. Reported TUGTT
improvement varied from 15% to 37%160 165 166 167.

We hypothesised that the TUGT would be a reliable and effective outcome
measurement for CR, demonstrating similar sensitivity to functional capacity change as
the 6MWT.

6.5 Methods
Consecutive subjects referred for six weeks of community-based CR were invited to
participate in the study following approval by The Prince Charles Hospital Research
Ethics Committee (Appendix G). Subjects unable to participate in assessment, exercise
sessions, or understand instructions were excluded.

One of two independent

assessors, both physiotherapists experienced in walking test supervision, conducted
the 6MWTs and TUGTs at pre-CR, post-CR and at 6-months post-CR. Resting HR was
assessed with a Polar HR monitor, SBP and DBP with a Welch Allyn
sphygmomanometer and RPE using the original 6-20 Borg Scale. In addition, at each
assessment, subjects were questioned as to the amount of habitual physical activity
performed in the past few weeks including formal and informal exercise and activity,
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such as gymnasium sessions, walking, swimming, cycling, golf, gardening and lawn
mowing (minutes.week-1). Data collection forms for these measures are shown in
Appendix C.

The TUGT was conducted using a chair with arms and a seat height of 46cm placed
upon a flat, covered walking track with cones marking the 3m turning point (Appendix
E)100. Subjects were instructed “On the word ‘go’, get up and walk as quickly and as
safely as possible to cross the line marked on the path, turn around, walk back and sit
down”. The activity was timed using a six-digit quartz stop watch from the subject’s
back leaving the back of the chair to the return of the subject’s back to the chair.
Subjects performed one untimed, practice TUGT100 followed by two timed TUGTs (i.e.
TUGT1 and TUGT2). At least four minutes of seated rest occurred between each TUGT.
TUGTs were conducted prior to the 6MWTs to limit the variable effects of fatigue on
subjects. TUGTT and RPE were recorded immediately upon completion of the TUGT,
and HR, SBP and DBP at two minutes post-cessation of the TUGT.

6MWTs were conducted following standard guidelines4, along a flat, 30m, outdoor,
covered path with cones marking the turning points. Assessors used a script (Appendix
E) with standardised encouragement4 and recorded the distance walked, the number,
timing and reasons for rests, and each subject’s HR, BP, and RPE immediately upon
completion of the 6MWT, or if a subject stopped walking during the test for any
reason. Each subject completed two sequential 6MWTs on the same day, separated

156

by at least 10 minutes of seated rest until HR, BP and RPE returned to baseline. Any
adverse symptoms experienced by subjects during, or at cessation of each test were
elicited and recorded.

Predicted TUGTTs for the cohort were established using normative data matching for
age147. TUGTT estimates for the age range of our cohort are only published for
females147, so a repeated measures analysis was performed on the pre-CR TUGTTs,
with test number as the within-subjects factor, sex as a between-subjects factor, and
age as a covariate. This analysis indicated a non-significant difference between the
sexes (p= .22) in this sample after allowing for the difference between tests and the
differences in age between subjects. Predicted 6MWD values were established using
predictive equations130. Effect size was calculated using standard formula 104. In
addition, the SEM, the MDC95%, and the MDC95%% for the average of TUGTT1 and
TUGTT2 were calculated as per Mesquita114. Walking speeds were calculated using the
formulae, Speed (km.hour-1) = 6MWD (m)*10/1000; and Speed (km.hour-1) =
(6/1000)*60*60/TUGTT, the latter estimate based upon the TUGT distance i.e. 6m 100.

TUGT response variables (TUGTT, post-test HR, BP and RPE) were examined by a series
of 2-factor-repeated-measures ANOVA with the assessment time (i.e. pre-CR, post-CR,
6-months post-CR), and the test repetition number (i.e. TUGT1 or TUGT2) as the within
subject factors. The percentage of change over time was examined using an averaged
TUGTT and 6MWD i.e. (Test1+Test2)/2; the relationship between subjects’ averaged
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TUGTT and 6MWD was examined with Pearson’s correlation coefficient. ICC (95%CI)
and Bland Altman plots143 were used to assess the degree and the consistency of the
relationship between TUGTT1 and TUGTT2 and between speeds derived from the
averaged TUGTT and 6MWD. The differences in the prevalence and types of adverse
symptoms reported for TUGTs and 6MWTs were examined with Chi-squared and
Fisher’s exact analyses.

6.6 Results
Sixty-one of 154 patients referred for CR consented to participate in the study. Eleven
subjects withdrew from the study, seven following initial assessment and four prior to
the 6-month assessment. Four subjects while not completing CR returned for the 6month follow up. Data collection was incomplete at pre-CR, and post-CR for three and
four subjects respectively. The cohort numbers included in each analysis varied due to
this irregular pattern of missing values. Figure 13 shows the flow of subjects through
the study and Table 17 shows baseline data for the cohort.
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Figure 13: Flow diagram: TUGT participants (Study 5)

During the study, 148 repeated TUGTs were conducted. The mean (SD) predicted
TUGTT for the cohort was 7.18 (.83) secs.

Mean TUGTT1 and TUGTT2 were

significantly less than the predicted TUGTT (p<.0001) and significantly decreased at
each presentation of the test (Figure 14). The mean (SD) predicted 6MWD for the
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cohort, 523 (78)m, was not significantly different to the mean 6MWD1 at pre-CR
(p=.057). Mean (SD) 6MWD1 and 6MWD2 at the three assessments were 507 (85) and
522 (84), 532 (86) and 560 (87), 549 (99) and 575 (107)m respectively (p<.001 pre-CR
to post-CR, pre-CR to 6-months post-CR) (Table 18).

Table 17: Baseline data for TUGT participants (Study 5)

Age
(Range = 27-80 years)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats.minunte-1)
Body mass index (kg.m-2)
Waist (cm)
Reported physical activity (minutes.week-1)

Mean

(SD)

n

(%)

62
126
75
66
29
104
164

(11)
(17)
(10)
(12)
( 7)
(12)
(116)

61
61
61
61
59
54
61

(100)
(100)
(100)
(100)
(97)
(89)
(100)

n/a
n/a

n/a
n/a

45
16

(74)
(26)

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

8
1
17
2
13
1
17
2

(13)
( 2)
(28)
( 3)
(21)
( 2)
(28)
( 3)

Gender
Men
Women
Diagnosis
Angina
AVR
CABG
CABG + AVR or TVR
MI ± Stent / PCI
Out of hospital arrest ICD implant
PCI ± stent
Risk factors*

Abbreviations: AVR: aortic valve replacement; CABG: coronary artery bypass graft; ICD: intracardiac defibrillator
MI: myocardial infarction; n/a: not applicable; PCI: percutaneous coronary intervention; SD, standard deviation;
TUGT, timed up and go test; TVR: tricuspid valve replacement.
* has one or more of following risk factors without specific diagnosed disease: hyperlipidaemia, hypertension,
obesity, reduced physical activity, type II diabetes; stress, male gender, age > 60 years.
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Figure 14: Predicted TUGTT, TUGTT1 and TUGTT2 across all times

Timed-up-and-go test time (seconds)

a

a

a

8

6

4

2

0
pre-CR

post-CR

6-months post-CR

N= 61 for TUGTT predicted; N= 59 (58); 44 (44); and 47 (47) and for TUGTT1 (TUGTT2) for pre-CR, post-CR and
6-months post-CR respectively. The black bars represent predicted TUGT at each assessment point, the light grey
bars represent TUGTT1 and the dark grey bars represent TUGTT2.
a

A significant difference was noted between means for TUGTT1 and TUGTT 2 at each assessment point, p<.006
using Holm-Sidak pair-wise multiple comparison method following two factor repeated measures ANOVA) to assess
the means.

Repeated TUGTTs were strongly correlated, ICC (95% CI) =.85 (.76 to .91), .84 (.73 to
.91) and .90 (.83 to .94), p<.001 at all three assessments despite a reduction in time
between TUGT1 and TUGT2 of 5%, 5%, and 7% (p< .001, p=.002, p=.006), respectively.
The linear regression equation for TUGTT2 (secs) = .958 + (.779 * TUGTT1) (secs). A
corresponding increase in 6MWD of 3%, 5% and 5% (p<.001) occurred from 6MWT1 to
6MWT2, at each time. The plot of TUGTT1 and TUGTT2, shown in Figure 15(A)
illustrates an ICC (95% CI) across all times of .88 (.84, .91). Figure 15(B) depicts the
Bland Altman plot between TUGTT1 and TUGTT2 and indicated a negative bias (SD) of .34s (.66) and a weak, but significant relationship (r= -.27, p<.001) for the average of
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and the difference between TUGTT2 and TUGTT1 suggesting that as TUGTT increases
there is an increased difference between TUGTT1 and TUGTT2. Removing the data of
one subject, noted to be an outlier with a 6-months post-CR TUGTT1 (TUGTT2) of 12.1
(8.3) secs, from the analysis further weakened the relationship (r= - .17, p<.04).

Figure 15: Scatter and Bland Altman plots for TUGTT1 and TUGTT2
Difference Score: TUGTT2-TUGTT1 (seconds)
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Comparisons are shown for TUGTT1 and TUGTT2 for all subjects with complete TUGTT data across all times
(N=148).
In the Scatter Plot (A) the unbroken line (−) represents the linear regression line, the equation for which is TUGTT2
(seconds) = .958 + (.779 * TUGTT1 (secs)), ICC= .88 (95% CI, .84 and .91).
In the Bland Altman Plot (B) the unbroken line (−) represents the bias (SD) of - .34 (.66) secs between TUGTT2 and
TUGTT1, and the broken lines (- -) represent the 95% limits of agreement (.98,-1.66 secs). Pearson’s correlation
coefficient, r= - .27, p<.001.

The relative decreases in TUGTT1 (TUGTT2) from pre-CR to post-CR and from pre-CR to
6-months post-CR, shown in Figure 16, were -7.5 (-6.9)% and -14.2 (-15.5)%; while
relative increases in 6MWD1 (6MWD2) of 5.1 (7.2)% and 8.4 (10.2)% occurred
respectively (p<.001 in all cases). Moderate to large effect sizes were demonstrated
for both 6MWD and TUGTT (Table 18). SEM, the MDC95%, and the MDC95%% for the
averages of 6MWDs 1 and 2 and TUGTTs 1 and 2 are shown in Table 19. For TUGTs the
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SEM, MDC95% and MDC95%% remained reasonably consistent at each assessment point,
however, for the 6MWTs these values were consistent for the pre-CR and post-CR
assessments but increased dramatically with the increase in SD and reduction of ICC
noted at the 6-month post-CR review.

% change in the averaged 6MWD and TUGTT
pre-CR to post-CR and pre-CR to 6-months post-CR

Figure 16: Mean percentage change for TUGTTs and 6MWDs following CR
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(N=33) The black bars represent the % change from pre-CR to post-CR; the grey bars represent the % change from
pre-CR to 6-months post-CR; the standard deviation about the means are shown by the error bars.

Pearson’s correlation coefficient for the relationship between 6MWD1 and TUGTT1
(TUGTT2) across all times was -.60 (-.68), n= 149 (148); and 6MWD2 to TUGTT1
(TUGTT2) was -.57 (-.64), n= 140 (140), p<.001 in all cases. The linear regression
equation for averaged 6MWD = 810.387 - (48.344 * averaged TUGTT), r= -.65, and for
6MWD1 = 800.518 - (49.052 * TUGTT2), with standard error of the slope estimate =
4.69 and 4.41, respectively.
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Table 18: 6MWT and TUGT outcomes before and after CR
Pre-CR
Test 1 (SD)

Test 2 (SD)

Post-CR
Test 1 (SD)

Test 2 (SD)

6-months post-CR
Test 1 (SD)
Test 2 (SD)

ALL Subjects
Number of subjects for 6MWT / TUGT
6MWD (metres)
TUGT T (seconds)

61 / 59
507 (85)
6.29 (1.30)

56 / 58
522 (84)
5.94 (1.20)

46 / 43
532 (86)
5.81 (1.22)

41 / 43
560 (87)
5.53 (1.09)

47 / 47
549 (99)
5.39 (1.60)

43 / 47
575 (107)
5.01 (1.28)

Paired Tests
Number of subjects for 6MWT /TUGT
6MWD (metres)
TUGT T (seconds)
6MWD Effect size / Absolute difference (metres)
TUGTT Effect size / Absolute difference (seconds)

33 / 37
521 (62) a b c
6.40 (1.21) b c d
n/a
n/a

33 / 37
533 (71) b c
6.02 (1.02) b c
n/a
n/a

33 / 37
554 (63) d
5.78 (1.14) e
.53 / 33
.51 / -.62

33 / 37
570 (74)
5.40 (.88)
.53 / 38
.61 / -.62

33 / 37
564 (79) d
5.22 (1.17) f g
.70 / 43
.97 / -1.17

33 / 37
581 (89)
4.94 (1.2) f
.68 / 48
1.06 / -1.08

Abbreviations: 6MWT, six-minute walk test; 6MWD, six-minute walk test distance; 6-months post-CR, six-months post-cardiac rehabilitation; CR, cardiac rehabilitation; n/a, not applicable; post-CR, post-cardiac
rehabilitation; pre-CR, commencement of cardiac rehabilitation; SD, standard deviation; TUGT, timed up and go test; TUGTT, timed up and go time.
Mean 6MWDs and TUGTTs are shown for all subjects at pre-CR, post-CR, and at 6-months post-CR. Clinical observations made immediately following TUGTs are included. Comparisons, except those indicated,
were not significant. Outcomes for TUGT and 6MWD effect size and absolute differences (pre-CR to post-CR and pre-CR to 6-months post-CR) are noted. Two factor analysis of variance for repeated measures
with Holm-Sidak pair-wise multiple comparisons:
a
p< .02, Test 1 versus 2
b
p≤ .002, pre-CR versus post-CR
c
p< .001, pre-CR versus 6-months post-CR
d
p≤ .001, Test 1 versus 2
e
p≤ .002, Test 1 versus 2
f
p≤ .002, post-CR versus 6-months post-CR
g
p= .006, Test 1 versus 2
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Table 19: ICC (95% CI), SEM and MDC95% values for repeated 6MWTs and TUGTs
Pre-CR
6MWTs
No. of repeated 6MWTs 56
6MWD Mean (SD) (metres)
Test 1
512 (77)
Test 2 a
522 (84)
ICC (95% CI) b
.96 (.93-.98)
SEM (metres)
15.29
42.39
MDC95% (metres)
MDC95%% (%)
8.20
TUGTs
No. of repeated TUGTs
58
TUGTT Mean (SD) (seconds)
Test 1
6.29 (1.30)
Test 2 a
5.94 (1.20)
ICC (95% CI) b
.85 (.76-.91)
SEM (seconds)
.50
MDC95% (seconds)
1.40
MDC95%% (%)
22.83

Post-CR

6-months post-CR

41

43

542 (76)
560 (87)
.96 (.92-.98)
15.19
42.10
7.64

557 (93)
575 (107)
.80 (.67-.89)
41.53
115.11
20.34

44

47

5.81 (1.22)
5.53 (1.09)
.84 (.73-.91)
.49
1.35
23.99

5.39 (1.60)
5.01 (1.28)
.90 (.83-.94)
.51
1.40
26.97

Abbreviations: 6MWT, six-minute walk test; 6-months post-CR, six-months post-cardiac rehabilitation; CR, cardiac
rehabilitation; MDC95%, minimal detectable change within 95% confidence interval ; MDC95%%, percentage of
minimal detectable change within 95% confidence interval to the average of the two tests; No., number; post-CR,
post-cardiac rehabilitation; pre-CR, commencement of cardiac rehabilitation; SD, standard deviation; SEM, Standard
error of the mean; TUGT, timed up and go test; TUGTT, timed up and go test time.
The SEM, MDC and MDC95%% values for 6MWT and TUGT 1 and 2 are shown
ICC is shown for tests 1 and 2 for 6MWT and TUGT at each assessment point.
a
p≤ .006 for reduction at each assessment
b
p< .001 significant correlation in each case

The Bland Altman plot shown in Figure 17(A) indicated a difference (SD) of 1.38 (.76)
km.hour-1 between walking speeds calculated from averaged 6MWDs and TUGTTs.
Further, a weak relationship (r= .20, p<.02) indicated that as speed increased the
difference between the speed calculated for 6MWDs and that for TUGTTs also
increased. Figure 17(B) plots the speed calculated from averaged 6MWDs and
averaged TUGTTs across all times. The associated linear regression equation was
6MWD speed = 2.341 + (.758 * TUGTT Speed), with a standard error of .07 for the
slope estimate. ICC (95% CI) for speed calculated from the averaged 6MWD versus the
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averaged TUGTT for all times was .65 (.54, .73, p<.001). 42.5% of the variability in
6MWD speed can be accounted for by the TUGTT speed (R 2= .425).
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Figure 17: Comparison of speed calculated from 6MWDs and TUGTTs

8

7

6

5

4

r = .65

3

2

1
1

2

3

4

5

6

7

Averaged TUGT Speed across All times (Km/hr)

Comparison of speed was calculated from averaged 6MWDs and averaged TUGTTs across all times
In Plot (A) the dotted line (…) represents positive bias (SD) of 1.38 (.76) km.hour-1 (CI of the mean bias= 1.25, 1.5)
between tests and the broken lines (- -) represent the 95% limits of agreement (2.90, -.14 km.hour-1). Pearson’s
correlation coefficient, r= .20, p =.02.
In Plot (B) the unbroken line (−) represents the linear regression line, 6MWD speed = 2.341 + (.758 * TUGTT
Speed), with a standard error of .07 for the slope estimate. ICC (95% CI) for speed calculated from the averaged
6MWD versus the averaged TUGTT for all times was .65 (.54, .73, p<.001). Pearson’s correlation coefficient, r= .65,
p=.0001.

The post-TUGT SBP, DBP, HR, and RPE are shown for each assessment point in Table 20
and except for RPE, demonstrate non-significant changes compared to baseline. The
prevalence of adverse symptoms over all time points was 25% for the 6MWT and 4%
for the TUGT (p<.001). The types of symptoms affecting subjects (Table 21) were also
significantly different between the TUGT and the 6MWT, with cardiovascular, anterior
and posterior calf and hip pain more frequent during 6MWTs (p=.003).
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Table 20: Clinical observations following TUGTs
Pre-CR
Resting
Number of Subjects
Mean (SD)
SBP (mmHg)
DBP (mmHg)
HR (beats.minute-1)
RPE (6-20)

61

126 (17)
75 (10)
66 (12)
6 (.7)

post-Test 1
59

128 (16)
75 (10)
65 (13)
7.8 (2) a b c

Post-CR
post-Test 2
58

128 (16)
75 (11)
65 (13)
7.8 (2) a b c

post-Test 1
43

124 (10)
73 (9)
68 (12)
7.2 (2) a d

6-months post-CR
post-Test 2
43

125 (11)
73 (8)
69 (12)
7.2 (1) a d

post-Test 1
47

127 (16)
73 (9)
65 (9)
6.2 (.4)

post-Test 2
47

126 (16)
72 (10)
64 (8)
6.2 (.5)

Abbreviations: 6-months post-CR, 6-months post-cardiac rehabilitation; DBP, diastolic blood pressure; HR, heart rate; mmHg, millimetres of mercury; post-CR, post-cardiac rehabilitation; preCR, commencement of cardiac rehabilitation; RPE, rated perceived exertion; SBP, systolic blood pressure; SD, standard deviation; TUGT, timed up and go test.
Mean observations (SD) were made immediately following 6MWTs at pre-CR, post-CR, and at 6 months post-CR assessments following CR for all subjects. One and two factor analysis of
variance for repeated measures with Holm-Sidak pair-wise multiple comparisons were performed: No comparisons, except those indicated, were significant.
a
b
c
d

p< .001, observed value versus resting value
p< .04, pre-CR versus post-CR
p< .001, pre-CR versus 6-months post-CR
p< .001, post-CR versus 6-months post-CR
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Table 21: Adverse symptoms following the 6MWT and the TUGT
Test

6MWT
N (%)

TUGT
N (%)

Fisher’s Exact
(p value)

Prevalence of adverse symptoms at:
pre-CR
post-CR
6-months post-CR
Over All Times

21 (29)
13 (18)
14 (26)
73 (25)

3 (3)
3 (7)
2 (2)
12 (4)

<.001
.04
<.001
<.001

6MWT

TUGT

Chi Square
(p-value)

27 (44)
14 (23)
2 (3)
16 (26)
1 (2)
3 (5)

0 (0)
1 (2)
3 (5)
0 (0)
0 (0)
0 (0)

Symptom Type (% subjects affected)
(Includes all tests):
Cardiovascular symptoms
Shortness of breath
Chest pain
Lightheaded
Calf pain
Jaw pain
Fatigue

Musculoskeletal / Other Symptoms
Difficulty rising from chair
Unsteady on their feet
Low back pain
Knee pain
Hip pain
Thigh pain b
Anterior calf pain b
Ankle pain
Abdominal pain

.003 a
0 (0)
0 (0)
2 (3)
3 (5)
8 (13)
4 (7)
6 (10)
4 (7)
1 (2)

3 (5)
1 (2)
3 (5)
2 (3)
1 (2)
0 (0)
0 (0)
0 (0)
0 (0)

Abbreviations: 6MWT, six-minute walk test; 6-months post-CR, six-months post-cardiac rehabilitation;CR, cardiac
rehabilitation; N, number; %, percentage; post-CR, post-cardiac rehabilitation; pre-CR, commencement of cardiac
rehabilitation; SD, standard deviation; TUGT, timed up and go test.
The number and percentage of subjects experiencing adverse symptoms following the 6MWT and the TUGT are
shown.
a

Symptoms were grouped as either ‘cardiovascular’ or ‘musculoskeletal/other’ for the 6MWT and the TUGT do
avoid actual and expected frequencies of less than five for the Chi Squared contingency analysis.
b
These two symptoms have been included as musculoskeletal symptoms, however it is possible that they are related
to cardiovascular insufficiency.
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6.7 Discussion
This study is the first to examine the use of the TUGT in CR. The TUGT was found to be
reliable in this population and walking speed derived from the TUGT may predict
6MWT walking speed. There was a strong correlation between repeated TUGTTs
across all time points and a consistent reduction in time between repeated TUGTs at
each assessment. Moreover, there was a moderate correlation between averaged
6MWD and TUGTT with a linear regression indicating that for every second increase in
TUGTT there was a 48.3m decrease in 6MWD.

Further, a moderately strong

correlation between walking speeds derived from averaged 6MWDs and TUGTTs was
found and a linear equation for this relationship reported. The importance of this
work is that an alternative method of outcome measurement i.e. the TUGT has been
found to be reliable in the CR population.

This study demonstrated that the reliability (ICC) of the TUGT in the CR population was
similar to that demonstrated in community-living elders (.80)15. Further, the SEM,
MDC95% and MDC95%% analysis indicated that the changes in 6MWDs and TUGTTs
between tests one and two at each assessment was less than the MDC95%. This
suggests that there is no real change between tests one and two for 6MWD and TUGTT
and that both tests are reliable when repeated at the same time point in this
population. Interestingly, while we expected subjects taking the longest time to
perform the TUGT1 to have limited ability to improve their time on TUGT2, this was
not the case. In both the TUGT and the 6MWT, a longer time or distance in test one
was associated with greater difference between repeated tests. An explanation may
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be that this demonstrates a mathematical phenomenon such that as the absolute
value increases, there is greater ability to vary the next value. Further, timed walking
tests are limited by the maximum walking speed attainable, i.e. a ceiling effect. To
achieve speeds of above 5.96 km.hour-1, depending upon their given height, a subject
may need to run168. To further explore this, Bland Altman plots for TUGTT1 and
TUGTT2 (Figure 15) and those reported for 6MWD (Figure 10) show that as TUGTT
became longer than 8.47 secs and 6MWD became greater than 622m , the variability
around the mean became unidirectional i.e. subjects only improved. Conversely, at
other points along the graphs, some subjects improved while others regressed upon
retest. Based upon this observation, it may be that TUGTT of 8.47 secs and 6MWD of
622m could be cut-off points to determine if a second test is required.

While the TUGT showed similar patterns of change between assessments and
repeated tests (Table 18) to the 6MWT, TUGT and 6MWT outcome measurement was
most disconnected when evaluating the relationship to predicted values (Figure 14 and
Figure 9) and the changes found for the post-CR to 6-months post-CR period. At preCR, mean TUGTT1 was less than predicted while mean 6MWD1 was less than but not
different to predicted. In assessing outcomes for the post-CR to 6-months post-CR
period, a significant difference was noted for TUGTT (10% absolute change, p ≤.002)
but not for 6MWD (2%, p=NS). Similarly, a greater effect size was noted for TUGT1
(TUGT2) than for 6MWD1 (6MWD2) for the pre-CR to 6-months post-CR period, .97
(1.06) versus .70 (.68), while effect size for the pre-CR to post-CR period was similar for
both TUGTs and 6MWTs. Conversely, it is noted that the MDC95%% for TUGTT is
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22.83% based upon the pre-CR assessment compared to 8.20% for 6MWD at the same
assessment. This indicates that a much greater relative change is required to achieve a
meaningful clinical change in CR patients for the TUGT than for the 6MWT. Taking this
into account, the difference between pre-CR to 6-months post-CR is greater than the
MDC95% for 6MWDs (8%) and therefore clinically significant, but not for TUGTTs (18%)
despite statistically significant changes noted for both.

One possible explanation for the difference in outcomes for the 6MWD and TUGTT in
the current cohort is that the subjects demonstrated significantly lower than predicted
initial TUGTTs, while the same subjects demonstrated 6MWDs close to predicted. It is
therefore possible that this higher functional capacity allowed less ability to
demonstrate improvement for TUGTT than could be achieved for 6MWD, i.e. the
ceiling effect of timed tests had greater impact for TUGTs than for 6MWTs. For
comparison, our study reports lower SEM, MDC95% and MDC95%% for repeated TUGTs
(.50 seconds, 1.4 seconds, and 22.83%, respectively) than has been reported by
Mesquita et al. in 2013 for patients with advanced COPD, CHF, and chronic renal
failure (1.6 secs, 4.5 secs and 35%, respectively)114. Mesquita et al.’s 2013 subjects
were at an advanced stage of COPD, CHF, and chronic renal failure, and therefore may
have been more functionally limited with higher than predicted TUGTTs than our
cohort114. Conversely, this difference between cohorts may be indicative of less
variability in TUGT measurement in the CR population suggesting that a smaller change
in TUGTT is required to achieve clinically important change in the CR population169.
Further, it may merely be confirming, as noted by others, that the MDC is population
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and context specific i.e. only relevant to a particular patient population during a
specific disease stage115.

The relationship reported between TUGTT and 6MWD (r= -.65) is comparable to that
reported between the TUGT and gait speed in geriatric subjects (r= -.61)100. Our
finding that the speed derived from the TUGTT correlates moderately with that from
the 6MWD in the CR population adds to the body of knowledge regarding the
relationships between the TUGT and other indices of physical function.

This study is the first to provide linear regression equations for 6MWD from TUGTT
and similarly for 6MWD speed from TUGTT speed. The Bland Altman plot for the
speeds derived from the 6MWDs and the TUGTTs showed that as the average speed of
the two tests became greater, there was a greater difference between the speed
derived from the 6MWD and that derived from the TUGTT. This may indicate that
patients demonstrating least dysfunction have greater ability or opportunity to
demonstrate improvement during a 6MWT compared to a TUGT, perhaps due to the
increased duration of the test or a more readily reached ceiling effect in the TUGT.
One likely contributing factor to the difference in speed estimates is that our
calculation of estimated TUGTT speed did not attempt to allow for the sit-to-stand-tosit time components within the observed TUGTT values; thus, this estimate
underestimates the actual walking speed of the TUGT and a difference between the
speed estimates based on the two tests is expected. Furthermore, we can expect this
effect to be greater in those with higher functional capacity, as increasing functional
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capacity is likely to cause a smaller relative reduction in the sit-to-stand-to-sit time
than in the actual walking time, thereby causing the bias to become greater. These
results suggest that in CR, the TUGT would be less suitable for outcome measurement
in those individuals with higher functional capacity while being a good alternative for
those of low to moderate functional capacity and those not capable of performing the
6MWT.

All subjects completing TUGT1 were able to complete TUGT2 in comparison to the
6MWT where we found that 16% of subjects could not perform 6MWT2163. The
cardiovascular effort required for subjects to complete a TUGT appeared to be
minimal, with post-TUGT observations other than RPE similar to baseline measures.
There was also little change over time for these observations, although the post-TUGT
RPE was found to significantly decrease following CR and this change was maintained
to the 6-month assessment. This is quite a different picture to the cardiovascular
changes that presented post-6MWT (Table 14). Therefore, the TUGT may be a more
universally applicable outcome measure for CR subjects as well as being more time
efficient. However, while some important symptoms were elicited with the TUGT,
other symptoms such as calf and chest pain, fatigue, and shortness of breath were not,
or were less frequently, demonstrated. The TUGT elicited some symptoms not noted
during a 6MWT, e.g. light-headedness, difficulty rising from a chair and unsteadiness
on the feet. While awareness of these symptoms and limitations would be important
when designing an exercise program, the cardiovascular symptoms not elicited by the
TUGTs, possibly due to requiring a greater exercise intensity or duration, are of equal if
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not greater importance. This suggests that if the TUGT was used as an outcome
measure in CR, then patients would initially require close monitoring for the
cardiovascular symptoms.

6.8 Conclusion
The TUGT is a reliable outcome measure in CR providing similar relative changes
following rehabilitation as the 6MWT. A 5% to 7% reduction in TUGTT occurs between
repeated tests at each presentation of the test. We recommend the use of a single
TUGT after one untimed practice test unless the time taken for the TUGT is greater
than 8.5 secs, in which case we recommend a second timed test be conducted. We
suggest that the moderate correlation between the TUGTT and 6MWD demonstrates
that these tests may measure similar or related aspects of functional status in the CR
population. Further validation of the linear equation for predicting 6MWD speed from
the TUGTT, including defining upper and lower limits to its effectiveness, is required.

174

6.9 Suppliers list
HR monitors: Polar HR monitors: (Polar Electro Oy: Professorintie 5, Kempele FIN90440 Finland)
Sphygmomanometer: Welch Allyn 767 Series Mobile Aneroid Sphygmomanometer:
(Welch Allyn: PO Box 132, Rydalmere NSW 1701, Australia)
Six digit quartz stopwatch: quartz accuracy Y-1051 (Dick Smith Electronics, 2 Davidson
Street, Chullora NSW 2190, Australia)

6.10 Acknowledgements
We wish to thank physiotherapists Tracey Ward BPhty and Kylie Neighbour BPhty, who
provided research assistance in conducting assessments and data collection for the
study and Thomas Selwood RN, who coordinated the patient appointments and
provided patient management during the exercise sessions.
Funding: This work was supported by the Queensland Health Community
Rehabilitation Workforce Project, Community Rehabilitation Research Scheme 2007
approved on 24/6/07; and the Queensland Health Allied Health Postgraduate
Scholarship 2012, approved on 21/12/2011 (Appendix I).
Conflict of interest: None declared.
Ethics Approval: The Prince Charles Hospital Ethics Committee approval number: 2760
(Appendix F).
175

Chapter 7 – Discussion
Cardiac rehabilitation including exercise training and education has a strong evidence
base. It has been shown that improvements in morbidity, mortality, and functional
outcomes occur in those patients that undertake CR. Functional outcomes can be
measured in a variety of ways including cardiopulmonary exercise tests, return to
work, return to ADL, quality of life measures and functional capacity tests. The 6MWT
is the most popular functional capacity measure in practice as the 6MWD has been
shown in other populations to correlate with measures of cardiopulmonary fitness, to
be an indicator of prognosis, and to provide a measure of day-to-day function and
quality of life.

Despite strong evidence from the literature in support of CR, in practice there are
issues related to the implementation of the CR-models described in the early RCTs.
The traditional CR-model does not appear to suit all patients, especially those patients
returning to work early after a cardiac event or those caring for dependents. To
accommodate patient needs, alternative models of CR require investigation, e.g.
home-based, telephone-based, and compressed programs. There was local demand
for a compressed program in our service and we used the opportunity of establishing a
new program to assess functional capacity outcomes for this new fast-track CR-model
against the traditional model in a RCT. Although there were a number of weaknesses
with this fast-track program, it demonstrated feasibility, patient demand and
demonstrated similar outcomes to the traditional model, so it became established
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practice. Consequently, there is now three years of routinely collected data in the CRdatabase. Patient engagement in our program compares favourably to those achieved
at other sites reported in the literature, i.e. 59% attendance compared to 45%6
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.

Although we report changes in 6MWD towards the lower end of the range reported by
others, 8% compared to 10% to 26%104 105 106 107 108 109 110 111 112, we note that subjects
in our RCT were close to their predicted 6MWD values at commencement and
achieved greater 6MWDs at commencement than subjects in these other trials104

105

, i.e. 512m compared to 357m respectively104 (see Table 5).

106 107 108 109 110 111 112

Our practical experience working in CR with the 6MWT engendered measurement
queries requiring further clarification. Firstly, we knew of no guidelines for the use of
the 6MWT in the CR population and we were unsure of its reliability, validity and
responsiveness in this population. In order to ensure that the 6MWT is an appropriate
measurement tool in CR, we undertook a systematic review of its reliability, validity
and repeatability in CR.

Secondly, the literature showed a learning effect with

repeated use of the 6MWT at the entry into CR, but did not show if this learning effect
was a “one-off” with learning maintained at subsequent 6MWT challenges (in which
case the usual practice of using the best test of two 6MWTs at baseline is justified), or
if the learning effect occurs at each occasion that the 6MWT is presented (in which
case consistency in the 6MWT trial comparison is warranted i.e. comparing 6MWT1
with 6MWT1, or 6MWT2 with 6MWT2). Thirdly, we had found that quite a number of
CR patients could not complete one, let alone two, 6MWTs and we wanted to explore
an alternative functional measurement, i.e. the TUGT, to determine it could proxy for
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the 6MWT in situations where time, space, or skills were not available, or where the
patient case mix demanded a less rigorous test.

We therefore designed a RCT

examining fast-track and traditional CR-models to capture the data required to answer
these questions.

The main findings of our research will be presented in the following sections and will
be examined in the context of previous studies. In particular, this chapter will focus on
comparisons with studies published in the past few years, in an attempt to integrate
our thesis findings with the findings of recent research published after our protocols
were designed. The implications of our research findings for clinical practice and for
future research in the CR field will be presented.

7.1 The 6MWD: main findings and implications for future clinical
practice and research
Study 1 is the first systematic review of the role of the 6MWT in CR. The main findings
of this systematic review and the results of Study 4 that examined the need for
repeated 6MWTs in CR, are presented in the following sections under reliability,
validity and responsiveness.
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7.1.1 Reliability
The systematic review found moderate evidence for the repeatability of the 6MWT in
the CR population and for a 2%-8% learning effect with successive testing for the
6MWT at initial testing pre-CR. All studies reviewed examined the repeatability of the
6MWT at a single time point, pre-CR, with the follow up tests within a week of the first
test. There was no evidence found examining the repeatability of the 6MWT over
time, that is before, after, and at follow up of CR, and there was no evidence regarding
the need for repeated 6MWTs at successive time points.

Study 4 of this thesis provides new information regarding the repeatability of the
6MWT in CR and the role of the 6MWT as an outcome measurement during successive
follow up assessments including post-CR and 6-month post-CR. We reported that a
sustained 3-5% difference occurred between repeated 6MWTs at each assessment
point, which is consistent with the difference reported by others with repeated
6MWTs at the commencement of CR120

121 122

.

Further, we found only small

differences in outcome measurement between a single and a paired 6MWT, for 33
patients with paired test results at each assessment point. Comparisons of effect size
and relative (percentage) change over the two outcome periods (pre-CR to post-CR,
and pre-CR to 6-months post-CR) for 6MWD1 and 6MWD2 demonstrated a difference
of .00 and .02 for effect size, respectively, and a 1% difference for the relative change
between the repeated tests (see Table 15) confirming that a single 6MWT is sufficient
for outcome measurement in CR. Moreover, subjects were better able to tolerate a
single 6MWT than two repeated 6MWTs and the difference between speeds derived
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from successive tests (.1 km.hour-1) was not sufficient to alter the prescription for
treadmill exercise training speed.

A 2012 study by Hanson and colleagues171 assessed the mean changes in distance for
three repeated 6MWD in 30 subjects referred for CR. While Hanson et al. 171 reported
similar correlations (ICC = .94) between repeated 6MWTs to those reported in the
current and previous studies120 121, Hanson et al. reported combined mean changes in
6MWD between 6MWT1 and 6MWT2 of 51.9m and between 6MWT2 and 6MWT3 of
33.2m on an initial mean 6MWD (SD) of 444 (75)m171. This indicates a 12% change
between 6MWT1 and 6MWT2 and a 7% change between 6MWT2 and 6MWT3 171. The
degree of change reported between 6MWT1 and 6MWT2 in Hanson et al.’s study171 is
much greater than that reported by others including the results of Study 4 in this
thesis120

121 163

. Indeed, Hanson et al. purported that a difference of 44m or greater

was required to represent a true change over measurement error in 6MWD in CR
patients171 which is almost double the MCID reported by Gremeaux et al. in 2011115.
However, the former measure is a statistical measure while the second is subjective
measure i.e. the former statistically removes all doubts that a type 1 error has
occurred as opposed to the latter which constitutes a meaningful change for the
patient. Further, the differences noted between repeated 6MWTs in Hanson et al.’s
study171 may reflect differences in 6MWT track length. The ATS4 recommends a 30m
track and while Hanson et al., 2012 used a 20m track171, Gremeaux et al. in 2011 used
a 50m track115 and we used a 30m track. The number of turns and the ability of
patients to perform a turn well can affect the distance walked. A shorter track has
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more turns and a patient may improve their ability to perform a turn to a greater
extent with practice than when less turns are evident, e.g. for a subject walking 600m
on a 20m track will perform 30 turns as opposed to 20 if the same walk was performed
on a 30m track. It is to be noted that Hanson et al.’s 2012 study171 once again only
assessed the repeatability of the 6MWT over a 1-week period prior to the
commencement of CR and therefore does not shed any additional light on the
repeatability of the 6MWT on successive assessments over a follow up period.

Based on the results of Study 4, clinicians can be confident that a single 6MWT
provides an efficient and effective outcome measurement in CR that is well tolerated
by most patients and provides sufficient information upon which to base exercise
prescription.

Further, if a second 6MWT is required, Study 4 has shown that

consistency in the number of tests performed at each assessment is necessary to
ensure that relative and absolute changes in 6MWD are correctly assessed.

7.1.2 Validity
Although studies have examined the validity of the 6MWT in the CR population, our
systematic review found that moderate level evidence only exists for two such
comparisons. We report a moderate to high correlation between 6MWD and the
maximum metabolic equivalents achieved during symptom-limited exercise stress
testing; and between peak heart rate during the 6MWT and at ventilatory threshold,
both during cycle-exercise.
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In the absence of a greater degree of evidence regarding the validity of the 6MWT in
CR and as it relates to measures of exercise capacity, there is a danger in overstating
the role of this test. At present, the primary roles of the 6MWT in CR is as an outcome
measurement tool, and to indicate relative changes in functional capacity over time.

Future research is required in many aspects of the role of the 6MWT in the CR
population. One important aspect to investigate is the validation of the 6MWT against
appropriate cardiopulmonary exercise tests. In the most part research has compared
the 6MWD to measures of cardiopulmonary fitness during symptom limited cycle
ergometry105

107 115 120 121 122

. Given that the 6MWT is an upright walking test,

comparisons with a seated cycle activity is inappropriate 46 and it is possible that future
research using treadmill symptom limited exercise tests as the gold standard reference
test may demonstrate improved comparisons with the 6MWT. Further, as the 6MWT
is a test of functional capacity, rather than a measure of maximal or submaximal
exercise capacity, future research that focusses on comparisons between the 6MWD,
or on clinical measures taken during the 6MWT, and measurements taken on treadmill
exercise tests at ventilatory threshold105

121

, may increase the understanding the role

of the 6MWT in CR.

Future research could also focus on assessment of the ability of the 6MWT to
discriminate between CR patients based upon co-morbidities, sex, age, quality of life
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and response to rehabilitation. Another important research topic is to determine the
prognostic and predictive value of 6MWDs in patients undergoing CR, as has been
provided for heart failure patients96, or continue the search for a field test that
provides this information in addition to outcome measurement.

Gas exchange

variables during submaximal exercise have been found to be prognostic in patients
with heart failure and to differentiate between patients for the severity of pulmonary
artery hypertension172 173. Combining the 6MWT with simple metabolic tests, such as
those that could be performed with a metabolic cart, may generate a test that is both
diagnostic and sensitive to change.

7.1.3 Responsiveness
The systematic review conducted as part of this thesis reported that initial 6MWD
measured pre-CR ranged from 301 to 489m, and a 10%-28% change occurred post-CR,
resulting in an effect size of between .40 and 4.28 (mean = .96; median =.65). The
meta-analysis we performed demonstrated strong evidence that the 6MWD was
responsive to change following CR and calculated a 60.4m grouped estimate of the
mean change in 6MWD pre-CR to post-CR.

The importance of these reported

responsiveness estimates is that comparisons of program effectiveness against these
known estimates is now possible. While our pooled estimate is greater than the
minimal clinically important change in 6MWD reported for CHD patients by Gremeaux
et al. in 2011 (25m)115, the two measures represent different aspects of the same
measure. The pooled estimate demonstrates the average 6MWD change following CR
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for a cohort while Gremeaux et al.’s 2011 MCID demonstrates the minimum 6MWD
change that would represent a clinical improvement for a given individual patient.

The systematic review found limited evidence to support the ability of the 6MWD to
discriminate between CR subjects based upon sex and age or to support a relationship
between 6MWD improvement post-CR and initial 6MWD or left ventricular function.
However, the evidence suggests that subjects recording low 6MWDs prior to CR may
demonstrate the greatest improvement post-CR compared to those walking greater
distances at initial assessment. This indicates that a “ceiling effect” may occur for
6MWD in those CR subjects who have greater initial levels of functional capacity and
cardiovascular fitness.

This ceiling effect has been noted by others for subjects

performing close to the end of a given scale 174. In patients with COPD, Jenkins et al.’s
2007 paper suggested that the presence of mechanical factors such as stride length
may cause a ceiling effect to occur with the 6MWT and notes the difficulty that a COPD
patient may have in demonstrating improvements in the 6MWD following pulmonary
rehabilitation if their pre-training 6MWD measured 600m or more117. Examination of
the ceiling effect in the 6MWT requires future investigation as does the examination of
responders and non-responders to CR based upon 6MWD pre-CR measurements.
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7.2 The TUGT: main findings and implications for future research and
clinical practice
Although evaluation of exercise training outcomes with the TUGT is common in other
chronic disease populations and the elderly10

11 12 13 14 15

, Study 5 reports the first

investigation of the role of the TUGT as an outcome measure in CR. The TUGT was
found to be reliable with strong correlations between repeated TUGTTs, pre, post and
6-months following CR. Similar relative changes to those found with the 6MWT
following CR were demonstrated including a 5% to 7% improvement with repeated
testing. The moderate correlation reported between the TUGTT and 6MWD suggested
these tests measure similar or related aspects of functional status in the CR
population, however, a greater effect size was noted for the change in TUGTT for the
pre-CR to 6-months post-CR period compared to that found for the 6MWD. Another
difference noted between the tests was that while both the 6MWT and the TUGT
elicited adverse symptoms, the presence of calf and chest pain, fatigue and shortness
of breath were significantly less frequent, or not demonstrated with the TUGT.

Study 5 reported a linear regression equation for predicting 6MWD1 from TUGTT2,
6MWD1 = 800.518 - (49.052 * TUGTT2). This relationship indicated that for every
second decrease in TUGTT2 there was a 49m increase in 6MWD1.

Similarly, a

moderately strong correlation was demonstrated between walking speeds derived
from averaged 6MWDs and TUGTTs.
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Bland Altman plots indicate that a TUGTT of 8.47 secs and a 6MWD of 622m
represented possible cut-off points above which a second TUGT and 6MWT is
required. While in general there was an improvement with the second TUGT and
6MWT, there were also many subjects that regressed with the second test, however, it
was noted that above these cut-off points, subjects only improved with repeated
testing. Therefore, to increase the measurement accuracy of the 6MWT and TUGT in
patients achieving distances and times above the cut-off points suggested, (622m and
8.47 secs respectively), a second test may be advisable. Interestingly, these were not
the same subjects, i.e. for the 6MWT, subjects with a 6MWD above 622m were the
more functionally able in the 6MWT whereas those that completed the TUGT in a time
greater than 8.47 secs were the least able in the TUGT.

The clinical implications of this study are that the TUGT may be a viable alternative
outcome measurement to the 6MWT in CR. The advantage of this would be an
improvement in applicability and in efficiency, as the TUGT is a much shorter and more
easily performed task than the 6MWT. Patients with physical disabilities such as
osteoarthritis and intermittent claudication may therefore find the TUGT easier to
perform. Further, the linear regression equations reported in our research provides
clinicians with an alternative method for prescribing initial exercise training levels for
such patients without the need to perform a 6MWT. However, clinicians need to be
cognisant that adverse symptoms were less frequently elicited during the TUGT than
during the 6MWT, suggesting that where the TUGT is used as an outcome measure,
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patients would require closer initial monitoring to exclude adverse responses to
exercise.

Future research would be beneficial to validate the linear equation for predicting
6MWD and 6MWD speed from the TUGTT, and to define upper and lower limits to its
effectiveness. Further exploration of the validity of the upper cut-off points, as
determined by the Bland Altman plots reported in Study 5, for 6MWD and TUGTT
above which a second test only resulted in an improved result, is required. In addition,
validation of the TUGT against symptom-limited exercise stress tests and the
development of predictive and prognostic modelling would be desirable if this test was
to be used more regularly in the CR population.

7.3 Fast-track cardiac rehabilitation: main findings and implications
for future research and clinical practice
Alternative models of care for CR have emerged to address the chronic
underutilisation3 5 6 7 8 and poor patient completion rates5 8 seen in outpatient CR, and
these alternative models demonstrate similar clinical outcomes and levels of risk factor
modification to the traditional CR-models7

55 59 60 62 63 64 79 136 175

. Studies 2 and 3

explored clinical outcomes achieved following a fast-track CR-model.
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The results of our RCT, Study 2, suggest that a CR-model consisting of one hour of
exercise each week and a single 7-hour day of education was as effective as two hours
of exercise and two hours of education each week, over a 6-week period, with six
months follow up, for 6MWD, and other secondary outcome measures. The difference
between treatment groups over all times for 6MWD was 7.1m. Fast-track subjects
were shown to participate in work to a greater extent than traditional subjects (p<.05)
however, fast-track subjects were noted to be less likely to complete CR than
traditional subjects with dropouts occurring in 32% and 8% of subjects respectively,
p<.05. Dropouts were more common amongst women (44%) compared to men (9%,
p<.05); and more common amongst women in the fast-track group (71%) compared to
women in the traditional group (22%, p=.05).

Study 3 describes a post hoc review of three years of data that was collected
prospectively in a CR-database. This review supported the results of the RCT, in that it
found no significant difference between the fast-track and traditional CR-models for
change in 6MWD, with a percentage change of 7% and 8% pre-CR to post-CR for the
two treatment groups, respectively and only a 5.33m difference in least square means
between the groups, p =.56, power =.81. Women demonstrated a 3% poorer 6MWD
response post-CR than men in this cohort, after allowing for the effects of assessment
time and treatment group (39m, 8% change for men and 22m, 5% change for women,
p<.001 and p=.08 respectively).
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Similarly, other measures of change, such as effect size and the percentage of subjects
achieving a MCID post-CR, indicated little difference between treatment groups in
both the RCT and the CR-database studies.

In consideration of these findings, a CR-model using less frequent supervised exercise
sessions may be a viable alternative to the traditional CR-model currently utilised.
Further, less frequent attendance at CR may enable patients to participate, at
appropriate levels, in work and home duties at an earlier stage in their recovery and
may subsequently improve financial and psychological issues for patients.

On a

cautionary note, however, we recommended that where a fast-track CR-model is
implemented, that staff monitor patients to ensure work hours and intensity are
maintained within recommended levels.

The results of our study are consistent with other research where changes in exercise
dose did not affect outcome measurements obtained. A recent study compared the 6month outcomes for patients who had undergone a CABG and who had participated in
either a 6-month home-based, high-intensity (85%-95% of peak HR), interval training
program three times.week-1 or in a 4-week residential CR program. The residential
program consisted of 30 exercise sessions, with the exercise gradually increasing from
low to high intensity and included education and advice on life style modifications and
home-based exercise. The results of this study found no differences between groups
for VO2peak and quality of life136. Similarly, an expanded CR program utilising increased
physical training, cooking sessions and stress management failed to demonstrate an
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advantage over usual CR for changes in lipid profiles, or for the inflammatory marker,
C-reactive protein and fibrinogen levels79.

A few studies have explored the mortality and morbidity benefits of CR exercise
dosage. One study in 2004 reported that the mortality benefits of CR were not
dependent upon exercise dose66. Conversely, two more recent studies suggest that
those who attend 25 or more sessions obtain greater benefits from CR, such as
improved walking ability and perception of physical wellbeing and function 57 and a
19% improved 5-year survival58.

Another study reported a non-significant

improvement in mortality for patients post-MI who participated in over 21 hours, and
more than eight weeks, of CR170. It could be that while the dose may not be relevant,
that sufficient exercise needs to be performed over enough weeks to create a change
in exercise habits.

Future directions for research evaluating compressed CR-models require morbidity and
mortality data collection and or, in the absence of further 6MWT validation, symptom
limited exercise testing to assess changes in cardiovascular risk post-training73

74

.

Further, based upon our research, exploration into the role of CR for women would be
of benefit.
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7. 4 Implications for the role of cardiac rehabilitation
The current thesis was not designed to assess the role of CR in the 21st century.
However, from the literature searches conducted, it was evident that a controversy is
occurring over the universal benefits and applicability of CR for all CHD patients, the
relevant components of CR, and the ability of services to deliver CR as outlined in the
literature on a national health service-wide basis.

There has been 20 years of overwhelming support, in the literature, for CR since the
WHO Expert Committee report33. However, two recent reviews, while confirming the
role of exercise-based CR in reducing risk factors, total and cardiovascular mortality,
and hospital admissions, failed to demonstrate a reduction in the number of non-fatal
MIs or revascularisation procedures following CR for participants37
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. The lack of

evidence for a reduction in non-fatal MI is not new, and was demonstrated in the 1988
Oldridge et al. and 1989 O’Connor et al. systematic reviews29 30. Further, the role of
comprehensive CR has been questioned in a multicentre RCT of 1,813 patients
following an acute MI170, in which CR failed to show improvement in mortality, cardiac
or psychological morbidity, risk factors, quality of life, activity, medication use,
hospitalisation or revascularisation for those participating in CR over controls. West et
al. in 2011170 argue that recent systematic reviews have included trials from the 19601983 period and are therefore weighted towards the poorer outcomes evident at
these earlier times, and have not captured the improvements in cardiac care that have
occurred over the past 30 years.
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Not all studies have concurred with West et al.’s 2011 results. In contrast, a 1998
observational study, conducted well outside in the period of concern (i.e. 1960-1983)
noted in West et al.’s 2011 paper, reviewed all patients admitted to hospital for MI and
revascularisation procedures in Victoria, Australia for CR attendance, and for
subsequent 5-year survival39. A 35% lower mortality was demonstrated in patients
who had undergone CR when compared with patients who had not undergone CR39.
Further, in another Australian study, patients that did not attend CR were found to
have higher risk profiles and would have benefited from the education and lifestyle
modifications practiced and taught in CR59.

Several factors may account for the different results seen in West et al.’s 2011 RCT170
compared to the recent meta-analyses37

176

. It has been suggested that patients

following MI are more likely to undergo revascularisation in the first 12 months
following MI than patients that have already undergone revascularisation, and that
this may adversely affect their response to, and outcomes following CR79. Further, in
West et al.’s trial170 excluded patients were more likely to be women, older, frail, have
comorbidities including diabetes, require an inter-hospital transfer and to have no
fixed place of residence. Subjects with low functional capacity and those over 65 years
have been shown to benefit most from CR57

58

and conversely socially disadvantaged

patients have higher rates of death from CHD19. It is therefore possible that patient
selection in West‘s RCT excluded medically unstable patients and those most likely to
benefit from CR.
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It has been shown that the patient entering CR in 2006 was older, less fit and more
likely to have metabolic syndrome, albeit with improved lipid levels (perhaps due to an
increase in statin use) than the CR patient of 1996177. This reflects a population of
patients more likely to benefit from CR57 58 than those CR populations in the past. The
role of CR remains established in modern patient management. However, future
directions for clinical care of the CHD patient may lead to the definition of several
treatment pathways for CHD patients.

It is possible that included in such CHD

pathways are a number of alternative CR-models, tailored to meet the needs of the
patients and services, and that are adaptive, and user-friendly. CR-models with a
variety of options have been developed in the past 2 years in the UK and South
Australia41 43 93 and future research could continue to explore such alternative models
of care to improve patient access and uptake of CR. Research could also aim to
differentiate between responders and non-responders to CR and to examine if there
are CHD patients that do not require CR i.e. do some subjects have too high a
functional capacity to benefit from CR training?

7.5 Conclusions
This thesis reports a grouped estimate of the change in 6MWD following CR (60.4m)
and a corresponding effect size range of .40 to 4.28. A single 6MWT was as effective as
two repeated 6MWTs for the measurement of clinical outcomes and for the
prescription of exercise in the CR population. The TUGT was found to be a reliable
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outcome measure in CR and to demonstrate similar relative changes following CR to
those demonstrated by the 6MWT. Finally, a fast-track CR-model consisting of one
hour of exercise weekly and a single 7-hour day of education was as effective as
traditional CR over a 6-week period, with 6-months follow up, for 6MWD, and for
other secondary outcome measures.
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