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Summary 

The aim of this thesis was to determine the best field exercise test for use in cardiac 

rehabilitation for the measurement of physical fitness and functional capacity. To do 

this, the studies and methods followed the framework for assessing measurement 

properties proposed by the COnsensus-based Standards for the selection of health 

Measurement INstruments (COSMIN) group. The most common field tests used in 

cardiac rehabilitation were the six-minute walk test (6MWT) and the 10 m 

incremental shuttle walk test (10 m ISWT). A series of three empirical studies with a 

total of 107 participants and a systematic review were completed. 

In a population of patients commencing cardiac rehabilitation, the 6MWT 

demonstrated a high level of systematic error and insufficient retest reliability when 

up to three tests were performed. The 10 m ISWT was highly reliable when both 

relative reliability and measurement error were assessed for both consistency and 

absolute agreement. Evidence supported validity for the 10 m ISWT when compared 

with other measures of function and the criterion, the symptom-limited exercise test. 

The 10 m ISWT was responsive to change over an eight-week cardiac rehabilitation 

program. The test showed acceptable interpretability, the minimal important change 

across a cardiac rehabilitation program was greater than the smallest detectable 

change. Support for the measurement properties and interpretability did not change 

when one or two tests were performed. Results were consistent with the systematic 

review (n = 78 studies), which synthesised measurement properties of field exercise 

tests in cardiac rehabilitation.  



xix 

In conclusion, the 10 m ISWT was found to be the preferred field test for 

measurement of physical fitness and functional capacity in cardiac rehabilitation, with 

acceptable measurement properties when a single test is performed. A single test is 

suitable for ambulant low-intermediate risk patients entering low to moderate 

intensity cardiac rehabilitation programs. 
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1 

Chapter 1: Introduction 

1.1 Problem Statement 

Cardiac rehabilitation is a secondary prevention service for people with 

cardiovascular disease, which reduces cardiovascular mortality and is a cost effective 

use of health care resources. One aim of cardiac rehabilitation is to increase physical 

activity and exercise and thereby improve physical fitness and functional capacity in 

the patients who attend. The results of exercise tests are used to make inferences 

about the health outcomes of physical fitness and functional capacity. In addition, 

performance during the tests can provide clinicians with important information on the 

individual response to the test, and exercise tolerance and intolerance. Field exercise 

testing has been suggested as a feasible alternative to laboratory exercise testing in 

cardiac rehabilitation, requiring only simple equipment and less intensive supervision. 

However, for inferences to be made about the usefulness of field exercise testing in 

cardiac rehabilitation, it is important that the measurement properties of these tests are 

established. This thesis will identify the most appropriate field exercise test in cardiac 

rehabilitation based on an evaluation of the measurement properties, interpretability 

and clinical utility of the tests. This chapter will discuss the role of field exercise tests, 

and the importance of establishing their measurement properties, and provide the 

measurement framework to be used in the thesis. In order to provide context, brief 

descriptions of cardiac rehabilitation programs and evidence of their effectiveness are 

presented. 



 

2 

1.2 Overview of Cardiac Rehabilitation 

Cardiac rehabilitation is an integrated secondary prevention service for people with 

cardiovascular disease and is available worldwide (Babu et al., 2016; Price, Gordon, 

Bird, & Benson, 2016). Cardiovascular disease is an umbrella term for coronary heart 

disease, cerebral vascular accidents and hypertensive disease (Australian Institute for 

Health and Welfare, 2017). In 1958, the World Health Organisation identified the 

need to develop cardiac rehabilitation services, and later defined them as programs 

consisting of any activities required to improve or restore the physical and 

psychosocial health of cardiac patients so they could return to a meaningful and 

satisfying role in their community (World Health Organization, 1964; World Health 

Organization Expert Committee, 1993).  

The delivery of cardiac rehabilitation is a priority in countries with a high prevalence 

of cardiovascular disease (Heran et al., 2011). In Australia in 2014-15, 22% of the 

national population reported cardiovascular disease, with coronary heart disease being 

the most common presentation (Australian Institute for Health and Welfare, 2017). 

Globally, the burden of coronary heart disease is high, and was the leading single 

cause of global disability-adjusted life years in 2010, accounting for 5% of the 2.490 

billon disability-adjusted life years measured in 2010 (Murray et al., 2012). 

Disability-adjusted life years are a measure of both years of life lost and years lived 

with a disability; for coronary heart disease 93% of the burden is due to years of life 

lost and the remaining 7% from living with a disability (Murray et al., 2012).  

Cardiovascular disease is the leading cause of death in the world, and in 2008, 

accounted for over 17.3 million deaths (Mendis, Puska, & Norrving, 2011). Of these 
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deaths, coronary heart disease was the most common cardiac disease diagnosis (46% 

of cases for men, and 38% of cases for women) (Mendis et al., 2011). Cardiovascular 

disease mortality rates are similar across Australia, Canada, continental Europe 

Ireland, Japan, New Zealand, Scandinavia, United Kingdom (UK), and United States 

of America (USA), ranging from 76 to 180 deaths per 100,000 people (Mendis et al., 

2011). However, mortality rates for coronary heart disease are higher in the Finland, 

Germany, Ireland, New Zealand, and USA (75-108 per 100,000), than Australia, 

Japan, UK, and the remaining continental European and Scandinavian countries (12-

74 per 100,000) (Mendis et al., 2011). In 2014, in Australia, 29% of deaths were 

attributable to cardiovascular disease (Australian Institute for Health and Welfare, 

2017). The incidence was higher for those living in regional locations compared with 

major cities (Alston, Allender, Peterson, Jacob, & Nichols, 2017); Aboriginal and 

Torres Strait Islander peoples compared with non-Indigenous Australians; and the 

lowest socioeconomic group compared with the highest socioeconomic group 

(Australian Institute for Health and Welfare, 2017).  

The World Health Organisation recommend all patients with cardiovascular disease 

be referred to and attend cardiac rehabilitation (World Health Organization Expert 

Committee, 1993). Eligibility criteria have traditionally included those with stable 

angina, acute coronary syndrome, coronary revascularisation procedures, chronic 

ischaemic heart disease, cardiomyopathy, and adults with congenital heart disease 

(World Health Organization Expert Committee 1993). Acute coronary syndrome is an 

umbrella term for a range of cardiac clinical presentations including ST-segment 

elevation myocardial infarction (STEMI), non-ST-segment elevation myocardial 

infarction (NSTEMI) and unstable angina pectoris (Acute Coronary Syndrome 
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Guidelines Working Group, 2006; Chew, Allan, Aroney, & Sheerin, 2005). The 

eligibility for cardiac rehabilitation commonly extends to chronic heart failure, valve 

surgery, cardiac transplant, arrhythmias, and conduction disturbances (Balady et al., 

2007; British Association for Cardiovascular Prevention and Rehabilitation, 2012; 

Clark et al., 2012; National Heart Foundation of Australia & Australian Cardiac 

Rehabilitation Association, 2004; National Institute for Health and Care Excellence, 

2013). Less commonly, patients with diabetes mellitus, peripheral vascular disease 

and cardiovascular disease risk factors may be offered cardiac rehabilitation (British 

Association for Cardiovascular Prevention and Rehabilitation, 2012; National Heart 

Foundation of Australia & Australian Cardiac Rehabilitation Association, 2004; 

Piepoli et al., 2010). Modern cardiac rehabilitation programs are now required to 

accommodate a heterogeneous group of people of all ages with a range of 

cardiovascular diseases along the disease continuum, and with a range of 

impairments, limitations and restrictions, as well as differing social and other 

contextual factors.  

Cardiac rehabilitation service capacity is unlikely to meet demand for the services. 

The potential for unmet needs of cardiac patients was demonstrated in Ontario, 

Canada where there was a large under-supply of cardiac rehabilitation program places 

(Candido et al., 2011). There were 53,270 cardiac hospital admissions that met the 

eligibility criteria for cardiac rehabilitation and this number increased to 128,869 

when patients with newly diagnosed diabetes mellitus were included. The number of 

eligible people for cardiac rehabilitation may have further increased if the study had 

considered non-hospital admission referrals. The capacity for cardiac rehabilitation 

services in Ontario was 18,087, limiting the service to 34% of eligible patients 
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admitted to hospital. It is likely that cardiac rehabilitation programs around the world 

face this problem and it emphasises the need to demonstrate value in cardiac 

rehabilitation and reduce costs that are not linked to improved patient outcomes 

(Porter, 2010). In addition, these limits on capacity mean that patients with coronary 

heart disease are more likely to be offered cardiac rehabilitation than patients with 

cardiovascular disease with a neurological deficit. 

The cost of delivery of cardiac rehabilitation programs and services varies worldwide. 

Costs are dependent on the program duration, number of sessions per week as well as 

staff costs. Programs that offer moderate to high intensity exercise incur additional 

costs associated with risk assessment and stratification, and staff supervision. 

Programs with doctors as core members of the cardiac rehabilitation team incur 

additional costs. The cost of cardiac rehabilitation in Australia is similar to that of the 

UK and New Zealand; but less than the costs of cardiac rehabilitation in Canada and 

the USA where there is an increase in frequency of sessions, laboratory exercise 

testing and additional monitoring to accommodate moderate to high intensity exercise 

(Brodie, Bethell, & Breen, 2006; Goble & Worcester, 1999, p.183). In Australia, in 

1999, the estimated cost per patient per cardiac rehabilitation session was estimated to 

be $34.56 in a publically funded program and $43.35 in a privately funded cardiac 

rehabilitation program (Goble & Worcester, 1999, p. 185). The cost of laboratory 

exercise testing was not included in these costings as they are not routinely used to 

guide exercise prescription in Australian cardiac rehabilitation programs (Globle & 

Worcester, 1999, p. 183). More recent data from the UK show the average cost per 

patient treated was £288 and ranged from £82 to £927 (Brodie et al., 2006), with 

higher costs associated with specialist medical services available within the program. 
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In an effort to manage the high demands for services, Australian guidelines 

specifically address methods to minimise program costs without reducing the quality 

of patient care (Goble & Worcester, 1999, p. xx). 

1.2.1 Cardiac rehabilitation content. 

Globally, the recognised core components of cardiac rehabilitation include an 

individual baseline assessment, exercise training, and counselling and education for 

risk factor modification including nutritional, psychosocial and physical activity 

(Babu et al., 2016; Balady et al., 2007; Buckley et al., 2013; Pavy et al., 2012; Piepoli 

et al., 2014; Woodruffe et al., 2015). Exercise training is an important intervention in 

cardiac rehabilitation (Anderson et al., 2016; Balady et al., 2011; Perk et al., 2012; 

Smith et al., 2011). When exercise is the predominant intervention for cardiac 

rehabilitation it may be referred to as exercise-based cardiac rehabilitation. However, 

if exercise is combined with counselling and education, it is referred to as 

comprehensive cardiac rehabilitation (Heran et al., 2011). Supervised exercise therapy 

in cardiac rehabilitation most commonly occurs in centre-based settings, such as an 

acute hospital or rehabilitation facility (Anderson et al., 2016) but can also occur in 

the home (National Institute for Health and Care Excellence, 2013). If the patient 

received standard medical and pharmacological care but no additional exercise 

therapy, counselling or education it is commonly referred to as usual care (Anderson 

et al., 2016; Taylor, Brown, et al., 2004). 

The staffing requirements of a cardiac rehabilitation team vary with the size and level 

of service offered. The World Health Organisation recommendation for the most basic 

service is a community health worker, preferably with medical or health training, and 
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for advanced services, specialist medical, specialist nursing and allied health 

professionals (World Health Organization Expert Committee, 1993). The allied health 

professionals that may support cardiac rehabilitation programs in varying capacities 

include physiotherapists, exercise physiologists, dieticians, psychologists, 

occupational therapists, social workers, and pharmacists (National Heart Foundation 

of Australia & Australian Cardiac Rehabilitation Association, 2004; National Institute 

for Health and Care Excellence, 2013; World Health Organization Expert Committee, 

1993). In Australia, outpatient cardiac rehabilitation programs have an appointed 

program coordinator. The coordinator is responsible for the management of referrals 

into the program, liaising with the cardiologist, and general practitioner as well the 

clients and their families, the successful running of the program, coordination of 

support staff, program evaluation, quality improvement, and program promotion 

(National Heart Foundation of Australia & Australian Cardiac Rehabilitation 

Association, 2004). The coordinator is often a specialised nurse, but it can be any 

health professional. In Australia and the UK, cardiologists are not often involved in 

cardiac rehabilitation programs, in a national UK survey, only two of the 28 programs 

coordinators sampled reported direct involvement of a cardiologist (Brodie et al., 

2006).  

Despite recommendations, participation in cardiac rehabilitation remains low, and the 

barriers are multifactorial, such as patient factors, provider factors and health care 

system factors (Thomas et al., 2010). Referral sources for cardiac rehabilitation 

programs are generally medical: such as general practitioner or cardiologist; another 

department within the hospital or other hospital or health care services; or in some 

countries, such as Australia, self-referral. A recent systematic review found that staff 
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knowledge of cardiac rehabilitation and attitudes towards the patient’s likelihood of 

attendance as well as insufficient resources within health care services meant that 

referrals to cardiac rehabilitation for all eligible patients did not always occur (Clark 

et al., 2012). Referral rates were lower for patients who lived greater distances from 

cardiac rehabilitation programs, were older, female, had more comorbidities, or were 

from indigenous or ethnic minority groups (Brown et al., 2009; Clark et al., 2012; 

Redfern et al., 2014; Suaya et al., 2007). Referral rates for patients admitted with 

acute coronary syndrome without a revascularisation procedure were lower than for 

patients following a revascularisation procedure such as coronary artery bypass graft 

surgery, ranging from 53% to 74% (Brown et al., 2009). In Australia and New 

Zealand, a recent study found that 46% of eligible patients with diagnosed acute 

coronary syndrome were referred to cardiac rehabilitation (Redfern et al., 2014). This 

is consistent with other reports of 56% of all eligible patients with acute coronary 

syndrome with or without a revascularisation procedure (Brown et al., 2009). 

Suggestions have been made to address this issue, such as the implementation of an 

automatic referral process with support from a cardiac rehabilitation liaison officer to 

provide early cardiac rehabilitation education (Ades et al., 2006; Grace et al., 2011; 

Hutchinson, Meyer, & Marshall, 2015). In Australia, cardiac rehabilitation 

coordinators for outpatient programs in a hospital setting often hold a dual role of 

assessing for outpatient programs and providing education to cardiac patients during 

their inpatient stay.  

There is variation in the international literature on the optimum start time, program 

length, duration and frequency and the intensity of the exercise training of exercise-

based or comprehensive cardiac rehabilitation (Price et al., 2016). There is no 



 

9 

international consensus on the wait time for commencement of cardiac rehabilitation 

(Price et al., 2016), with reported optimal wait times ranging from as soon as possible 

after discharge from hospital (Goble & Worcester, 1999; National Guideline 

Clearinghouse, 2013; Van de Werf et al., 2003) to four weeks (United Kingdom 

Department of Health, 2000). In Australia, there is no limitation on referral to cardiac 

rehabilitation with respect to days following treatment or diagnosis, meaning that a 

patient could attend cardiac rehabilitation at any point after his or her diagnosis or 

medical intervention.  

The variation in cardiac rehabilitation program length ranges from as little as three 

weeks in Germany and some Australian programs to up to 12 months in Austria (Price 

et al., 2016). The number of sessions per week and the length of exercise sessions also 

varies. Some guidelines, such as in Australia and the UK, recommend up to three 

exercise sessions per week, however, the USA, European and Canadian guidelines 

recommended more than three sessions per week (Price et al., 2016). Aerobic exercise 

training was included in all international cardiac rehabilitation guidelines, but the 

intensity of training varied from low to moderate intensity exercise training to 

moderate to vigorous intensity exercise (Price et al., 2016).  

1.2.2 Effectiveness of cardiac rehabilitation. 

Cardiac rehabilitation is reported to be a cost effective use of health care resources 

(Anderson et al., 2016; Jolliffe et al., 2001) and a Class I recommendation supporting 

attendance at cardiac rehabilitation has been assigned by the American Heart 

Association, the American College of Cardiology, and the European Society of 

Cardiology (Anderson et al., 2016; Balady et al., 2011; Perk et al., 2012; Smith et al., 
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2011). Recent systematic reviews support the effectiveness of cardiac rehabilitation 

attendance for those with stable angina pectoris (Anderson et al., 2016; Oldridge, 

2012), acute coronary syndrome (Anderson et al., 2016; Lawlor, Filion, & Eisenberg, 

2011; Oldridge, 2012), coronary revascularisation interventions (Anderson et al., 

2016; Oldridge, 2012), chronic heart failure (Lewinter et al., 2014), heart transplant 

(Rosenbaum et al., 2016) and combined revascularisation and valve surgery (Goel et 

al., 2015).  

It has been demonstrated consistently that exercise-based cardiac rehabilitation 

reduces cardiovascular mortality (Anderson et al., 2016; Heran et al., 2011; Oldridge, 

2012; Oldridge, Guyatt, Fischer, & Rim, 1988). A recent systematic review of studies 

published between 1974 and 2014, showed that when compared with no exercise, 

participants in exercise-based cardiac rehabilitation programs had a reduction in 

pooled cardiovascular mortality from 10.4 to 7.6% (number needed to treat 37) and a 

reduction in hospital admissions from 30.7 to 26.1% (number needed to treat 22) 

(Anderson et al., 2016).  

1.3 Outcome Measures of Cardiac Rehabilitation 

Outcomes in cardiac rehabilitation are distinct from the care processes or 

interventions in place to achieve these, and from the biological predictors of future 

events (Porter, 2010). The tools used to measure health outcomes in cardiac 

rehabilitation need to have adequate scale width to measure across the phases of 

recovery of the heterogeneous group of patients eligible for cardiac rehabilitation. 

Commonly used clinical outcomes relate to risk factors for cardiovascular disease, 

such as; tobacco use, blood pressure control, lipid control, physical activity habits and 
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sedentary time, weight, blood sugar levels, depression or depressive symptoms, 

medication adherence, physical fitness and functional capacity, and health-related 

quality of life (Thomas et al., 2007). Outcomes either describe an individual or group 

at a single period in time or describe how the individual or group change over time. 

The measures used to record these outcomes vary between cardiac rehabilitation 

programs and the decision of which test to use may be influenced by the resources 

available to the program, and the practicality of implementing the tests within the 

program without disruption to patient care (Bergner & Rothman, 1987; Sanderson, 

Southard, & Oldridge, 2004).  

1.3.1 Measurement of physical fitness and functional capacity.  

The purpose of measuring physical fitness and functional capacity is to discriminate 

and describe an individual or group at a point in time, such as prior to commencing 

cardiac rehabilitation or at the completion of cardiac rehabilitation (Guyatt, Kirshner, 

& Jaeschke, 1992a, 1992b; Kirshner & Guyatt, 1985; Williams & Naylor, 1992). 

Exercise tests completed prior to cardiac rehabilitation may be used to screen for 

decreases in physical fitness and functional capacity, monitor response to exercise, set 

and implement individualised exercise programs, predict likelihood of future events 

and prognosis. Repeating the test at the end of a cardiac rehabilitation program 

provides an opportunity for longitudinal evaluation of performance at an individual or 

group level (Guyatt et al., 1992a, 1992b; Kirshner & Guyatt, 1985; Williams & 

Naylor, 1992). 

Estimation of physical fitness and functional capacity can occur through the 

performance of an exercise test, or standardised questionnaires. Selection of the 
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measurement tool may be dependent on both the resources available to the cardiac 

rehabilitation program, and the tool having adequate measurement properties in the 

context that it is being used (Fitzpatrick, Davey, Buxton, & Jones, 1998; Scott, 2011). 

Specifically the measurement tool should be reliable, valid and responsive for patients 

attending cardiac rehabilitation, for the purpose of the measurement, for example to 

measure a treatment effect. Furthermore, in order to make inferences about the 

improvement of a patient, the minimal important change (MIC), a component of 

interpretability, must be established (Scott, 2011). Assessment of self-reported 

physical activity is of low burden to the patient and clinician, but there may be 

inaccuracies in self-reporting physical activity (Strath et al., 2013).  

The outcomes of an exercise test provide a symbolic representation of the physical 

fitness and functional capacity construct in cardiac rehabilitation (Dybkaer, 2011), 

which may inform decision-making on the implementation and adjustment to an 

exercise intervention, tolerance or intolerance to exercise.  

1.4 Exercise Testing and the Cardiac Rehabilitation Patient 

Laboratory-based exercise tests, such as the symptom-limited exercise test, often use 

advanced or specialised monitoring techniques and equipment that are not always 

readily available in a clinical or field environment. Field exercise tests such as the six 

minute walk test (6MWT) and the 10 m incremental shuttle walk test (10 m ISWT) 

are performed in the clinical environment with minimal equipment. The use of 

exercise tests prior to the commencement of a cardiac rehabilitation program varies. 

In Australia, an exercise test is not considered necessary for patients who are 

classified as low-moderate risk, on entry to a low to moderate intensity exercise 
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program (Goble & Worcester, 1999, pp. 64-65; National Heart Foundation of 

Australia & Australian Cardiac Rehabilitation Association, 2004). For safety of 

patients classified as high risk or patients attending a high intensity exercise program, 

a symptom-limited exercise test is recommended but not mandated (Goble & 

Worcester, 1999; NSW Department of Health, 2006). For the assessment of physical 

fitness or functional capacity Australian guidelines recommend either a laboratory-

based exercise test, a field exercise test such as the 6MWT or 10 m ISWT (Goble & 

Worcester, 1999, p. 162; NSW Department of Health, 2006) or a validated self-

reported physical activity assessment tool (Woodruffe et al., 2015). No data were 

found on the type of assessment used among Australian cardiac rehabilitation 

programs. In the UK, of 28 cardiac rehabilitation programs surveyed, 10 performed 

treadmill laboratory-based exercise tests, five performed the 10 m ISWT, three 

performed a step test, two performed a 6MWT and eight programs did not use an 

exercise test to measure physical fitness and functional capacity (Brodie et al., 2006). 

Eleven of the 28 cardiac rehabilitation programs repeated the same format of exercise 

test at the end of the program (Brodie et al., 2006). 

1.4.1 Laboratory-based exercise tests. 

Laboratory-based exercise tests in cardiac patients may be either maximum or 

submaximum exercise tests. Maximum exercise tests may directly measure oxygen 

uptake and when this occurs, the test is known as a cardiopulmonary exercise test. In 

some circumstances, peak oxygen uptake may be estimated using a standard formula 

rather than directly sampled. The endpoints of a maximum exercise test include 

attainment of maximum heart rate or oxygen uptake, indicated when the heart rate or 

oxygen uptake no longer increase with increased increments in workload. A 
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maximum exercise test becomes a symptom-limited exercise test when the onset of 

symptoms such as chest pain, undue fatigue or breathlessness necessitates cessation of 

the test. When the test supervisor introduces an imposed endpoint such as 

achievement of 70% of the theoretical maximum heart rate the test becomes a 

submaximal exercise test.  

The symptom-limited exercise test and cardiopulmonary exercise test may be a 

diagnostic or prognostic tool or a tool to estimate physical fitness and functional 

capacity. When used for diagnosis or prognosis, patients usually undertake the test 

without the benefit of their usual medications (American Association of 

Cardiovascular and Pulmonary Rehabilitation, 2013, p. 62). As a diagnostic test, the 

purpose is to detect exercise-induced myocardial ischemia or other arrhythmias 

(Bruce & Hornsten, 1969; Jelinek & Lown, 1974) and if performed with direct 

monitoring of oxygen uptake, the test can differentiate between cardiovascular and 

respiratory limitations in exercise capacity (Pichurko, 2012). The results of the same 

test can also be used to grade the severity of the disease, predict risk of morbidity and 

mortality, as well as the likelihood of both future cardiac events and death within a 

specified timeframe (American Thoracic Society & American College of Chest 

Physicians, 2003; Myers et al., 1998; Stelken et al., 1996).  

Laboratory tests, such as the symptom-limited exercise test, can also be used as a 

measure of physical fitness and functional capacity (Bruce & Hornsten, 1969), and 

when used in longitudinal assessment, as a measure of change in physical fitness and 

functional capacity over time (Bruce & Hornsten, 1969). When assessing physical 

fitness and functional capacity, a maximum, symptom-limited exercise test, or 

submaximum exercise test can be used. When the purpose of the test is to assess 
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physical fitness and functional capacity, the patient usually completes the test while 

taking their usual medications and ideally at a time that the patient usually exercises 

or intends to exercise (American Association of Cardiovascular and Pulmonary 

Rehabilitation, 2013, p. 62). The gold standard direct measure of aerobic capacity is 

maximum oxygen consumption (Fletcher et al., 2001; Palange et al., 2007). Direct 

measure of end of test or peak oxygen consumption has been shown to be 

reproducible in repeated testing in patients with chronic heart failure when conditions 

were standardised for time of day and ambient temperature (Lehmann & Kolling, 

1996). Where oxygen consumption is not measured, other functional outcomes can be 

used to make inferences on physical fitness and functional capacity: such as the length 

of time and maximum stage attained during the exercise test protocol; the maximum 

heart rate and maximum rating of perceived exertion; and estimate of metabolic 

equivalent (MET) derived from peak workload.  

Laboratory tests for ambulatory patients are typically conducted on a treadmill or 

cycle ergometer. There are many standardised protocols for treadmill and bicycle 

symptom-limited exercise tests, with varying stage-to-stage increments and many 

non-steady state test, as well as tests with variable protocols. It is recommended that 

the endpoint of the protocol occur within eight to 12 minutes of commencing the test 

(Balady et al., 2010). A protocol less than six minutes duration has been associated 

with a non-linear relationship between time and oxygen uptake and more than 12 

minutes can introduce non-cardiopulmonary end-points such as orthopaedic reasons 

or peripheral muscle fatigue (Balady et al., 2010). The Bruce Protocol is one of the 

most commonly used standardised symptom-limited exercise test protocols, and is 

completed on a treadmill (American College of Sports Medicine, 2010b, p. 145; 
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Bruce, Kusumi, & Hosmer, 1973) (Table 1.1). One study reported a correlation of .78 

between the duration of the Bruce protocol repeated within four days in 22 patients 

with coronary heart disease when their usual anti-anginal medication was ceased 

(Benhorin et al., 1993). Absolute and relative contraindications for laboratory exercise 

tests are shown in Table 1.2 (American College of Sports Medicine, 2010a; American 

Thoracic Society & American College of Chest Physicians, 2003; Fletcher G. F. et al., 

1995).  

Table 1.1 

Bruce protocol 

Stage of Bruce protocol Speed m/s Gradient % 
I 0.76 10 

II 1.12 12 

III 1.52 14 

IV 1.88 16 

V 2.24 18 

VI 2.46 20 

Note. adapted from “Maximal oxygen intake and nomographic assessment of functional 
aerobic impairment in cardiovascular disease,” by R. A. Bruce, F. Kusumi and D. Hosmer, 
1973, American Heart Journal, 85, p. 547. Copyright 1973 by Elsevier.  

Laboratory-based exercise tests such as the symptom-limited exercise test may be 

supervised directly by a cardiologist or the cardiologist may oversee the support staff 

who directly supervise the exercise test (Myers et al., 2014). Support staff include 

exercise physiologists, registered nurses and physiotherapists. The American Heart 

Association recommend that the cardiologist is responsible for the final interpretation 

of results (Myers et al., 2014). The time elapsed between referral for testing, testing, 

interpretation of results and results being made available to the staff supervising 

cardiac rehabilitation programs is likely to be highly variable between testing sites. 
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Table 1.2 

Absolute and Relative Contraindications for Maximum Exercise Testing 

Absolute Relative 
Acute myocardial infarction (3-5 days) 

Unstable angina 

Uncontrolled arrhythmias causing 

symptoms or haemodynamic compromise 

Syncope 

Active endocarditis 

Acute myocarditis or pericarditis 

Symptomatic severe aortic stenosis 

Uncontrolled heart failure 

Acute pulmonary embolus or pulmonary 

infarction 

Thrombosis of lower extremities 

Suspected dissecting aneurysm 

Uncontrolled asthma 

Pulmonary oedema 

Room air desaturation at rest ≤ 85% 

(exercise with supplemental oxygen) 

Respiratory failure 

Acute non-cardiopulmonary disorder that 

may affect exercise performance or be 

aggravated by exercise (i.e., infection, renal 

failure, thyrotoxicosis) 

Mental impairment leading to inability to 

cooperate 

Left main coronary stenosis or its equivalent 

Moderate stenotic valvular heart disease 

Severe untreated arterial hypertension at rest 

(> 200 mm Hg systolic, > 120 mm Hg 

diastolic) 

Tachyarrhythmia or bradyarrhythmia 

High-degree atrioventricular block 

Hypertrophic cardiomyopathy 

Significant pulmonary hypertension 

Advanced or complicated pregnancy 

Electrolyte abnormalities 

Orthopaedic impairment that compromising 

exercise performance 

Reprinted with permission of the American Thoracic Society. Copyright © 2017 American 
Thoracic Society. 
American Thoracic Society and American College of Chest Physicians/2003/ATS/ACCP 
Statement on Cardiopulmonary exercise testing/American Journal of Respiratory and Critical 
Care Medicine/167/p. 227. 
The American Journal of Respiratory and Critical Care Medicine is an official journal of the 
American Thoracic Society. 

  



 

18 

1.4.2 Field exercise tests. 

In cardiac rehabilitation, an alternative to laboratory exercise testing is field exercise 

testing. The outcome of field tests can infer a level of physical fitness and functional 

capacity and, if repeated, monitor progress over time for both individual and group, as 

well as for research, such as on effects of differing exercise regimens. The result of 

the field exercise test may also assist the therapist in setting exercise levels for a safe 

and effective cardiac rehabilitation exercise program. While field exercise tests have 

been used to predict laboratory-based test results, including maximum oxygen 

consumption (Cahalin, Mathier, Semigran, Dec, & DiSalve, 1996; Cheetham, Taylor, 

Burke, O'Driscoll, & Green, 2005; Fowler, Singh, & Revill, 2005; Green, Watts, 

Rankin, Wong, & O'Driscoll, 2001; Guazzi, Dickstein, Vicenzi, & Arena, 2009; 

Keell, Chambers, Francis, Edwards, & Stables, 1998; Maldonado-Martín et al., 2006; 

Mandic, Walker, et al., 2013; Morales et al., 1999), they do not provide information 

on underlying pathophysiology of exercise limitation and do not have a diagnostic or 

prognostic role (Rejeski et al., 2002).  

Both Australian and international cardiac rehabilitation guidelines have included the 

use of field exercise tests as an option to measure physical fitness and functional 

capacity (American Association of Cardiovascular and Pulmonary Rehabilitation, 

2016; Goble & Worcester, 1999, p. 162; Price et al., 2016). Commonly reported field 

exercise tests are the 6MWT, and the 10 m ISWT: both corridor walk tests. Other 

field tests that have been reported in guidelines, although infrequently, are the Chester 

step test and field cycle ergometry. Walking on level ground is a functional and 

familiar task to most patients attending cardiac rehabilitation, and may better reflect 

functional activities than laboratory-based tests (American Thoracic Society, 2002; 
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Rasekaba, Lee, Naughton, Williams, & Holland, 2009). Patients attending cardiac 

rehabilitation also report preferring corridor walk tests to treadmill tests (Lipkin, 

Scriven, Crake, & Poole-Wilson, 1986).  

Corridor walk tests are performed in the clinical setting without expensive equipment. 

Monitoring before and after the exercise test includes measurement of heart rate, 

blood pressure, oxygen saturation and a rating of perceived exertion of dyspnoea and 

fatigue. During the corridor walk test, continuous monitoring of heart rate and oxygen 

saturation are common, and rating of perceived exertion and blood pressure may be 

monitored at intervals (Holland et al., 2014). The individual cardiovascular response 

to exercise provides the therapist with additional information on exercise tolerance. 

The field exercise test may be prematurely stopped if there is evidence of profound 

desaturation or onset of chest pain, intolerable dyspnoea, claudication pain, excessive 

sweating, or unsteadiness, excessive heart rate or blood pressure elevation or 

decreasing heart rate and blood pressure. These stopping criteria are similar to that for 

laboratory-based exercise tests (Holland et al., 2014).  

Field tests, including corridor walk tests, have been shown to elicit peak heart rates 

and oxygen consumption values similar to symptom-limited exercise tests and 

cardiopulmonary exercise tests in respiratory patients (Singh et al., 2014), and in 

some cases for patients with heart disease (Green et al., 2001). For this reason, it is 

recommended that the absolute and relative contraindications and precautions for 

maximum exercise testing be followed for field exercise tests (Holland et al., 2014).  
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1.4.2.1 The 6MWT. 

The 6MWT is a self-paced, time-limited field exercise test. The test was originally 

described for people with pulmonary disease (Butland, Pang, Gross, Woodcock, & 

Geddes, 1982) as an alternative measure of exercise tolerance to the 12-minute walk 

test (McGavin, Gupta, & McHardy, 1976). It has since been used in many other 

clinical settings including cardiac rehabilitation (Guyatt et al., 1985; Hamilton & 

Haennel, 2000; Harada, Chiu, & Steward, 1999; Zugck et al., 2000).  

Since its introduction, attempts have been made to standardise test procedures 

(American Association of Cardiovascular and Pulmonary Rehabilitation, 2013; 

American Thoracic Society, 2002; Guyatt et al., 1984; Guyatt et al., 1985; Holland et 

al., 2014; Lipkin et al., 1986; Roul, Germain, & Bareiss, 1998; Steele, 1996). The 

most recent standard operating procedures were based on a systematic review of the 

literature in adults with chronic respiratory conditions (Holland et al., 2014), but it 

may be possible to utilise the practical recommendations for other groups such as 

cardiac rehabilitation. Table 1.3 summarises the guidelines for performance in the 

6MWT for the most recent standard operating procedures (Holland et al., 2014), as 

well as 6MWT standardised protocols that are commonly cited in the cardiac 

literature.
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Most 6MWT procedures require the patient to walk as far as possible in six minutes 

along a flat corridor with standardised encouragement provided through the test 

(American Thoracic Society, 2002; Holland et al., 2014). In respiratory populations, 

the instruction to walk as far as possible may yield a different result to the instruction 

to walk as fast as possible (Holland et al., 2014; Weir et al., 2013). The corridor 

should be temperature controlled, free from pedestrian traffic that may interfere with 

test performance, and be a minimum of 30 m in length (Holland et al., 2014). The 

track length has been shown to affect results, patients with chronic respiratory disease 

walked 50 m further on a 30 m track compared with a 10 m track (Beekman et al., 

2013) and 13 m further on a continuous track compared with a 30 m track (Bansal et 

al., 2008). If within patient, between patient, or group comparisons are to be made, 

track length should remain constant. 

Patient motivation may affect test performance. Standard phrases for encouragement 

may limit this effect. Encouragement has been shown to increase the distance walked 

in a mixed cardiac and respiratory group by 31 m (Guyatt et al., 1984). A summary of 

the encouragement provided is included in Table 1.3. The most recent standard 

operating procedures recommend standardised encouragement at one-minute intervals 

(Holland et al., 2014).  

The main outcome of the test is the distance walked in six minutes measured to the 

nearest metre or foot (Holland et al., 2014), or less commonly, as a percentage of 

predicted from aged-matched norms (American Thoracic Society, 2002; Holland et 

al., 2014). It is widely accepted that in a pulmonary population, a practice test is 

required for reliable results ((Holland et al., 2014; Troosters, Gosselink, & Decramer, 

1999), the number of tests required in a cardiac population remains unknown. When 
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the test is performed more than once in a single session, the best score or the final test 

score or the average score of the walk tests may be recorded. The preferred 

interpretation of the result is unclear in the guidelines. An improvement in the test 

score is preferably measured by an increase in the absolute distance walked but it can 

also be reported as a percentage improvement or percentage of predicted score 

improvement (American Thoracic Society, 2002).  

1.4.2.2 10 m incremental shuttle walk test. 

The 10 m ISWT was designed for assessment of patients with chronic obstructive 

pulmonary disease (Singh, Morgan, Scott, Walters, & Hardman, 1992). However, it 

has since been used in a variety of populations including people with cardiac disease. 

This test was a modification of an earlier 20 m shuttle run designed for athletes and 

healthy adults (Léger & Lambert, 1982). Clinical staff, such as physiotherapists, can 

supervise the test. 

The 10 m ISWT requires limited space and equipment to implement. The test requires 

a flat, indoor 10 m walking track with two cones placed 0.5 m in from both ends of 

the 10 m circuit; this allowed for a turning circle, as well as chairs at either end of the 

walking track (Singh et al., 1992). Equipment the clinician requires are; a stop watch, 

a recording of the test and speaker to play the recording, and appropriate equipment 

for clinical monitoring of cardiovascular and respiratory observations. Minimum 

monitoring equipment includes a sphygmomanometer and pulse oximeter.  

The 10 m ISWT is a standardised symptom-limited externally paced incremental test. 

Immediately prior to beginning the test, standardised instructions are played from a 
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recording. The test is externally paced, with signal beeps from a recording at regular 

intervals to indicate when the participant should commence the next shuttle. A triple 

beep sounds to signal progression to the next level and an increase in walk speed. The 

10 m ISWT uses proportionally slower speeds than the original 20 m shuttle run 

(Singh et al. 1992). In level 1, walk speed begins at 0.5 m/s and increases each minute 

by 0.17 m/s for a maximum of 12 minutes (Table 1.4). In level 12, there are 14 

shuttles. Participants can stop the test at any time, otherwise the test is stopped when 

participants are unable to maintain the required pace or cannot keep going.  

Table 1.4 

Summary of the 10 m ISWT 

10 m 
ISWT 
level 

Maximum 
shuttles in 

level 

Maximum 
cumulative 

shuttles 

Time to 
complete 
1 shuttle 

(sec) 
Maximum 
speed m/s 

Maximum 
speed 
km/h 

Maximum 
distance 

(m) 
1 3 3 20.0 0.50 1.8 30 

2 4 7 15.0 0.67 2.4 70 

3 5 12 12.0 0.83 3.0 120 

4 6 18 10.0 1.00 3.6 180 

5 7 25 8.6 1.17 4.2 250 

6 8 33 7.5 1.33 4.8 330 

7 9 42 6.7 1.50 5.4 420 

8 10 52 6.0 1.67 6.0 520 

9 11 63 5.5 1.83 6.6 630 

10 12 75 5.0 2.00 7.2 750 

11 13 88 4.6 2.17 7.8 880 

12 14 102 4.3 2.30 8.4 1020 

Note. Calculations were based on the description of the test provided by Singh et al. (1992). 

The main outcome measures from the 10 m ISWT are the number of shuttles (i.e., 

completed 10 m laps), the distance walked based on the number of completed shuttle 
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and the time duration. It is usually only necessary to report on one of these outcome 

measures, and the distance walked based on the number of completed shuttles is the 

most commonly used outcome. When more than one test is completed in a single 

session, the best test score is reported. An improvement in the test result is seen by 

completing a greater number of shuttles, an increase in the distance walked or the 

time of test.   

Information obtained from the 10 m ISWT is used to make inferences on physical 

fitness and functional capacity, as well as the patient’s cardiovascular response to 

exercise. The results may guide the implementation of an exercise program and 

monitor change. The 10 m ISWT does not provide diagnostic information or 

underlying pathophysiological changes.  

Corridor walk tests are commonly used in cardiac rehabilitation in Australia. The 

selection of the most appropriate field test is usually dependent on the resources 

available, such as equipment, therapist knowledge and performance, and patient 

preference and ability. Measurement properties of the tests are not commonly 

considered or even well understood by many clinicians. A test that is too difficult will 

create floor effects and the result will underestimate the physical fitness and 

functional capacity, and performance will increase the risk of an adverse response. If 

the test is not challenging, a ceiling effect will occur, or the test result will not reflect 

the ability the patient. In addition, if the test is too long factors other than fitness, such 

as peripheral musculoskeletal fatigue or loss of motivation.  
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1.5 Theoretical Framework of Measurement Properties  

In cardiac rehabilitation, outcomes from the field exercise test are used to describe the 

physical fitness and functional capacity of an individual or group at one point in time 

and guide individual exercise prescription. If the exercise test is repeated at the end of 

cardiac rehabilitation, it may detect change in an individual or group. The field test 

needs to be appropriate for the heterogeneous group of patients attending cardiac 

rehabilitation and the cardiac rehabilitation program that may vary in length from a 

few weeks to a few months. Determining the most appropriate field exercise test for 

the measurement of physical fitness and functional capacity in cardiac rehabilitation 

will be based on an evaluation of the measurement properties, interpretability and 

clinical utility of the tests. The measurement properties of any field exercise test in 

cardiac rehabilitation include the reliability, validity and responsiveness. The clinical 

utility includes the practicality and feasibility of the test as well as the patient 

acceptance of the field exercise test in cardiac rehabilitation. The framework proposed 

by the COnsensus-based Standards for the selection of health Measurement 

INstruments (COSMIN) group ( Mokkink et al., 2010c) will be used in this thesis. 

The COSMIN group developed consensus-based standards after a four-round Delphi 

study on the taxonomy, terminology and definition of measurement properties of 

patient-reported health outcomes (Mokkink et al., 2010c) and later published a 

checklist for evaluating methodological quality of studies reporting measurement 

properties of patient-reported health outcomes (Terwee et al., 2012) with a particular 

focus on questionnaires. The taxonomy and checklist have been important not only in 

standardised critical evaluation of studies on measurement properties but also in the 

design of studies on measurement properties, and these have extended to field 
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exercise tests, for example the 6MWT in paediatric populations (Bartels, De Groot, & 

Terwee, 2013). Since the introduction of the taxonomy and checklist, there has been 

an improvement in the quality of systematic reviews on health-related outcome 

measurement instruments (Terwee et al., 2016).  

Reliability, validity and responsiveness were the three domains of measurement 

properties proposed by the COSMIN group. The reliability domain of measurement 

properties refers to the repeatability of the test score and consistency of measurement 

when real change has not occurred. Two aspects of this domain that are important in 

describing the reliability of field exercise tests are relative reliability and 

measurement error, also known as the absolute reliability. The validity domain of 

measurement properties refers to how well the field exercise test measures the 

construct of physical fitness and functional capacity. Construct validity and criterion 

validity are important aspects of the validity of a field exercise test. Responsiveness is 

a form of longitudinal validity and reflects the degree to which the field exercise test 

is able to detect change in physical fitness and functional capacity over time, such as 

over a cardiac rehabilitation intervention.  

Interpretability was identified as an important characteristic of field exercise tests and 

is the degree to which qualitative meaning can be applied to the field exercise test 

results or the change scores (Mokkink et al., 2010c). The COSMIN group recognised 

interpretability as an important characteristic of a measurement tool but did not 

consider it a measurement property (Mokkink et al 2010a). The focus of 

interpretability is describing the MIC as well as understanding the presence of 

significant floor and ceiling effects. Participants in cardiac rehabilitation are a 

heterogeneous group with a broad range of physical abilities. The best test to measure 
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physical fitness and functional capacity will need to provide a physical challenge to 

participants with a wide range of fitness abilities, for example, those participants who 

are barely able to walk with a gait aid, to those able to run comfortably.  

The clinical utility and patient acceptance of the test are other characteristics that are 

important in selecting a best test. Clinical utility includes the feasibility, both cost and 

time to complete the test and the practicality of the test including the equipment and 

space, such as corridor length, required to complete the test. Patient acceptance 

includes the patient comfort and willingness to complete the test as well as whether 

the patient believes his or her performance in the test is an adequate reflection of their 

physical fitness and functional capacity, in other words face validity. If a participant 

believes that a test does not provide an adequate physical challenge the test will lack 

face validity, similarly a test will lack face validity from a patient’s perspective if a 

patient believes that the test was too difficult and they could not demonstrate their 

abilities.  

1.6 Local Considerations 

The research contributing to this thesis was conducted in the City of Greater Bendigo, 

in the Loddon Mallee Region of Victoria, Australia. The Loddon Mallee region 

covers 58,961 square kilometres of land in north western Victoria (Department of 

Health and Human Services, 2014). The City of Greater Bendigo is a large inner 

regional Victorian city of Australia with an approximate population of 101,000 people 

(Department of Health, 2013).  
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Residents living in the local area were at greater risk of cardiac disease than other 

regions across Australia. An overview of the health of the Greater City of Bendigo 

compared with the Victorian population using aggregated data from 2008-2012 

showed a standardised morbidity ratio for an acute myocardial infarction was 1.33 

(National Heart Foundation, 2012). The standardised morbidity ratio was higher for 

NSTEMI at 1.42, unstable angina at 1.43 and 0.99 for chronic heart failure (National 

Heart Foundation, 2012). In 2008, 61% of the local population did not meet the 

minimum guidelines for exercise (National Heart Foundation, 2012).  

The studies reported in this thesis were conducted in three departments of two health 

and human service providers in the Greater City of Bendigo: Bendigo Health, and St 

John of God Health Care, Bendigo. In 2013, Bendigo Health was a 653 bed, high 

acuity, teaching regional hospital (Bendigo Health, 2013a) and provided a cardiac 

rehabilitation service to inpatients, community patients and carers of people 

diagnosed with heart disease (Bendigo Health, 2013b). The comprehensive cardiac 

rehabilitation program was conducted in the physiotherapy department of Bendigo 

Health. A cardiac rehabilitation nurse coordinated the program. The cardiac 

rehabilitation nurse and a physiotherapist completed baseline and discharge 

assessments. The physiotherapy assessment included a field exercise test; either an 

incremental bike test, 6MWT or 10 m ISWT. There were three classes scheduled in a 

week and patients typically attended one class each week for eight to 12 weeks, the 

program could be extended for an individual if clinically indicated. Each class 

consisted of a 60- minute exercise session and a 60- minute education session. 

Exercise classes offered individualised low to moderate intensity exercise programs 

with a focus on aerobic training. The cardiac rehabilitation nurse, a physiotherapist, 
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exercise physiologist and other support staff including allied health assistants and 

volunteers, supervised the exercise classes.  

In 2013, St John of God Health Care, Bendigo Hospital was a 121 bed, private 

hospital (St John of God Health Care, 2010b), and provided a cardiac rehabilitation 

service to privately insured outpatients diagnosed with cardiac disease (St John of 

God Health Care, 2010a). The comprehensive cardiac rehabilitation program was 

conducted in the Allied Health department, and was coordinated by the cardiac 

rehabilitation nurse. At baseline, the coordinator completed a initial assessment. 

Assessment of physical fitness and functional capacity was by subjective questioning, 

and an exercise test was not usually completed. The program consisted of a 60- 

minute exercise session and a 60- minute education session. There were three exercise 

classes scheduled during the week and patients attended one or two classes per week. 

Classes offered individualised low to moderate intensity exercise programs with a 

focus on aerobic training. Private health insurance providers covered the cost of the 

eight to 10 sessions of the program. On completion of these sessions, an application 

could be made to the private insurer to extend the program for that patient. The 

cardiac rehabilitation nurse, a physiotherapist or exercise physiologist and other 

support staff including volunteers, supervised the exercise classes. 

Central Victorian Cardiology, located in St John of God Health Care, Bendigo, 

provided diagnostic cardiology services (CVC Victoria, 2014a). One diagnostic test 

regularly performed was a stress echocardiogram (CVC Victoria, 2014b). This test 

requires two appointments; first, for a baseline ultrasound of the heart muscle and 

valve function, and second, to complete a symptom-limited exercise test immediately 

followed by a second cardiac ultrasound. The Bruce or modified Bruce protocol was 
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the preferred symptom-limited exercise test. Test selection was at the discretion of the 

cardiologist. An echo-cardiographer completed the ultrasound and a medical doctor 

supervised the symptom-limited exercise test.  

Measurement of oxygen uptake, such as during the cardiopulmonary exercise test, 

was not available to cardiac patients within the Loddon Mallee Region. If 

measurement of oxygen uptake was required during exercise testing, patients were 

required to travel to Melbourne, the closest metropolitan city, a distance of 150 km 

and approximate drive time of two hours.   

1.7 Thesis Aims 

The primary aim of the research presented in this thesis was to identify the best field 

exercise test or tests for measurement of physical fitness and functional capacity in 

cardiac rehabilitation programs. In order to do this, studies were designed to address 

the ten secondary aims presented in Table 1.5.  

The initial stages of the research of this thesis evaluated the measurement properties 

of the two most common field exercises tests. Initially, the retest reliability was 

assessed in the form of relative reliability and measurement error. If the results 

indicated sufficient levels of retest reliability, research continued to review the 

validity and interpretability of the tests. Validity included criterion validity, construct 

validity and responsiveness. Following research in the local context, a systematic 

review was completed to synthesise the available literature on the measurement 

properties of field exercise tests used in cardiac rehabilitation contexts internationally.  
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Table 1.5 

Summary of Secondary Research Aims and Research Designs 

Secondary research aims Study Type of research Study design 

1. To determine the relative reliability of the 

6MWT in a cardiac rehabilitation population 

1 Test retest Prospective 

2. To determine the measurement error of 

the 6MWT in a cardiac rehabilitation 

population  

1 Test retest Prospective 

3. To determine if the time between repeated 

tests affects the test retest reliability of the 

6MWT 

1 Test retest Prospective 

4. To determine the relative reliability of the 

10 m ISWT in a cardiac rehabilitation 

population 

2, 3b Test retest Prospective 

5. To determine the measurement error of 

the 10 m ISWT in a cardiac rehabilitation 

population 

2, 4 Test retest Prospective 

6. To determine the criterion validity of the 

10 m ISWT in patients with diagnosed and 

treated cardiac disease 

3a Comparison with 

a gold standard 

Prospective 

7. To determine the construct validity of the 

10 m ISWT when used in cardiac 

rehabilitation programs 

3b A-priori 

hypothesis testing 

Prospective 

8. To determine the responsiveness of the 10 

m ISWT when used in cardiac rehabilitation 

3b Pre- and post- 

intervention, a-

priori hypothesis 

testing 

Prospective 

9. To determine the interpretability of the 10 

m ISWT when used in cardiac rehabilitation.  

3b Pre- and post- 

intervention 

Prospective  
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Secondary research aims Study Type of research Study design 

10. To synthesise the available evidence on 

measurement properties of commonly used 

field exercise tests used in cardiac 

rehabilitation 

4 Systematic 

review 

 

 

1.8 Thesis Overview 

Chapter 2 and 3 describes the test retest reliability of the 6MWT and the 10 m ISWT. 

Chapter 2 reports findings of the first study, a test retest study on the 6MWT in 

cardiac rehabilitation. This chapter also investigates the effect of the time between test 

scheduling. Chapter 3 reports findings of the second study and Part B of the third 

study, a test retest study on the 10 m ISWT in cardiac rehabilitation. In both chapters, 

retest reliability is expressed two ways, as relative reliability and as measurement 

error. The chapters follow the framework of the COSMIN group (Mokkink et al., 

2010b, 2010c).  

Chapter 4 and 5 describes the validity of the 10 m ISWT in cardiac rehabilitation. 

Chapter 4 presents the results of Part A of the third study, a comparison of the 10 m 

ISWT with a gold standard. Evidence for both the concurrent criterion validity is 

reported as well as a framework to determine the evidence for the predictive criterion 

validity of the 10 m ISWT in cardiac rehabilitation. Chapter 5 presents the results 

from Part B of the third study, on the evidence for the construct validity and 

responsiveness of the 10 m ISWT in a cardiac rehabilitation program using a-priori 

hypothesis testing.   
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Chapter 6 presents the findings of the interpretability of the 10 m ISWT in cardiac 

rehabilitation. Interpretability is reported as the MIC and calculated in three ways: 

95% limit cut-off point, receiver-operating curve (ROC) analysis and predictive 

modelling. 

Chapter 7 presents the synthesis evidence of measurement properties of field exercise 

tests used in cardiac rehabilitation. This chapter is a systematic review of the 

literature.  

Chapter 8 discusses the findings, makes recommendations regarding the best field 

exercise test in cardiac rehabilitation, reviews possible reasons for this and the clinical 

implications of the findings of this thesis for the use and interpretation of field 

exercise test in cardiac rehabilitation. Strengths and limitations of the research as well 

as future research direction are included.   
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Chapter 2: Retest Reliability of the Six Minute Walk Test 

2.1 Chapter Aims 

This study addressed secondary research aims 1 and 2. The first aim was to determine 

the evidence for relative reliability of the 6MWT when up to three tests are performed 

in a mixed cardiac rehabilitation population. The second aim was to determine the 

evidence for measurement error of the 6MWT when up to three tests are performed in 

a mixed cardiac rehabilitation population. The results of this chapter have been 

published (Appendix 1) (Hanson, McBurney, & Taylor, 2012), and are presented in 

an expanded format in this chapter. 

2.2 Introduction 

The 6MWT is a field exercise test that can be used to measure physical fitness and 

functional capacity in patients who attend cardiac rehabilitation, and was described in 

Chapter 1, Section 1.2.1. If performed at the start of the program, the results can be 

used to describe physical fitness and functional capacity of an individual or group, 

and assist in prescription of an individual exercise program. When the 6MWT is 

repeated at the end of cardiac rehabilitation, the test can provide information on 

individual and group change. In cardiac rehabilitation, it remains unknown how many 

tests are required for a reliable test result.  

Previous studies have generally provided evidence to support the relative reliability of 

the 6MWT in cardiac rehabilitation. The reliability coefficients between the first and 
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second walk have varied from .78 (Guazzi et al., 2009) to .80 (Demers, McKelvie, 

Negassa, & Yusuf, 2001; Ingle et al., 2005), to .88 (Nogueira, Leal, Pulz, Nogueira, & 

Filho, 2006), to .93 (Carvalho et al., 2011) to .96 (Cahalin et al., 1996) to .99 (Gary et 

al., 2004). Over three 6MWTs the reported intraclass correlation coefficient (ICC) 

was .97 (Hamilton & Haennel, 2000). The reliability coefficients used in these studies 

varied, with the ICC being the most common, but generally not well described. 

Carvalho et al. (2011) used a Spearman’s non parametric correlation (rho) and Guazzi 

et al. (2009) was not clear which correlation coefficient was used. Due to the limited 

description of the type of ICC used in the analysis of the studies it is not possible to 

determine if results can be generalised beyond the study.  

There was limited information describing the measurement error of the 6MWT in 

cardiac rehabilitation. Between the first and second walk the standard error of 

measurement (SEM) ranged from 15 (Opasich et al., 1998; Pinna et al., 2000) to 19 m 

(Olper, Cervi, Santi, Meloni, & Gatti, 2011). The limits of agreement or individual 

95% confidence intervals in cardiac disease populations were reported in five studies 

(Ingle et al., 2005; Nogueira et al., 2006; Patrick, 2008; Pulz et al., 2008). The limits 

of agreement between the first and second walk were wide and varied. The minimal 

improvement to be 95% of real change above the measurement error, in other words 

an estimation of the smallest detectable change (SDC), ranged from 48 (Pulz et al., 

2008) to 146 (Ingle et al., 2005) m. When an additional 6MWT was performed, the 

limits of agreement narrowed and the minimal improvement to be 95% confident of 

real change was 50 m (Nogueira et al., 2006). No studies were found that investigated 

the measurement error for the group, in other words to determine how much a group 
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of people with cardiac disease would need to change, on average, to be confident that 

change exceeded measurement error. 

The presence of systematic change between repeated testing has been investigated. 

One study demonstrated that the difference between walk distance on repeated tests 

was not statistically significant (Kervio, Ville, Leclercq, Daubert, & Carré, 2004a). 

Whereas, other researchers have demonstrated a statistically significant improvement 

between the first and second 6MWT (Gayda, Temfemo, Choquet, & Ahmaidi, 2004; 

Guyatt et al., 1985; Hamilton & Haennel, 2000; Kristjánsdóttir, Ragnarsdóttir, 

Einarsson, & Torfason, 2004; Lipkin et al., 1986; Nogueira et al., 2006; Patrick, 

2005). Two studies have reported the presence of statistically significant change 

between the second and third 6MWTs (Guyatt et al., 1985; Hamilton & Haennel, 

2000). Guyatt et al. (1985) reported a statistically significant increase in distance 

walked when the first two 6MWTs were compared with four subsequent 6MWTs in 

patients with chronic heart failure. A plateau was observed in the final four-6MWT 

distances, and within-person standard deviation was less than 6% of the mean 

distance in the final four tests. The researchers concluded that the 6MWT was 

acceptable after two practice tests were performed, and recommended three 6MWTs 

were necessary (Guyatt et al., 1985). Hamilton and Haennel (2000) also reported a 

significant increase in the distance between the second and third 6MWT. In contrast, 

Patrick (2005), who studied a population with chronic heart failure, and Nogueira et 

al. (2006), who studied patients one week after a myocardial infarction, did not 

observe statistically significant change between the second and third test. 

Kristjánsdóttir et al. (2004) and Lipkin et al. (1986) also reported the final test score 

as the best test but did not provide between-test comparisons. 
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In summary, it remains unclear how many 6MWTs are required to yield the best test 

score that is reliable, and where the amount of systematic and random error is 

acceptable. In addition, it remains unclear whether the time between tests affects the 

test score. The preliminary aim of this research was to determine if the time between 

testing affects the reliability of test scores. Following this the two main aims were: to 

determine the relative reliability of the 6MWT in a mixed cardiac rehabilitation 

population when up to three tests are performed; and to estimate the measurement 

error of the 6MWT in a mixed cardiac rehabilitation population when up to three tests 

are performed. 

2.3 Method 

Research used a quantitative design involving repeated testing on groups of 

participants referred to the cardiac rehabilitation program.  

2.3.1 Ethics approval and consent. 

Ethics approval was granted by La Trobe University, Faculty of Health Sciences, 

Faculty Human Ethics Committee (reference number FHEC06/174) and Bendigo 

Health Human Research Ethics Committee (Reference number 24/2006) (see 

Appendix 2). All participants enrolled in the investigation read and signed a 

Participant Information and Consent Form that was approved by the relevant ethics 

committees (see Appendix 3). 
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2.3.2 Participants. 

2.3.2.1 Eligibility criteria for participants. 

All adults with coronary artery disease referred to cardiac rehabilitation irrespective 

of severity or duration of the condition were eligible to participate in this study. This 

included those adults with acute coronary syndrome, stable angina pectoris, following 

revascularisation procedures including coronary artery bypass graft surgery or 

percutaneous transluminal coronary angioplasty or coronary artery stent; coronary 

artery disease as diagnosed by angiography, heart valve surgery, chronic heart failure; 

heart transplantation; following cardiac resynchronisation therapy; or implantable 

cardioverter defibrillator. 

Participants were excluded if they had any condition where exercise would be 

contraindicated or if they were unable to walk for any neurological or musculoskeletal 

reason. Participants were also excluded if they had previously completed cardiac 

rehabilitation or a 6MWT, or presented to cardiac rehabilitation for risk factor 

reduction, with congenital heart disease, or were children or pregnant. In addition, 

participants were excluded if limitations in English language production or 

comprehension skills precluded them from understanding the consent form.  

2.3.2.2 Recruitment procedures. 

A consecutive series of patients referred to a cardiac rehabilitation program at a single 

centre who met the eligibility criteria of the study were invited to participate by the 

cardiac rehabilitation nurse coordinator. Referrals for patients were received from 
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internal hospital wards, external hospitals, cardiologists, general practitioner or self-

referral. The cardiac rehabilitation nurse coordinator provided the initial screen to 

determine eligibility. Recruitment began in February 2007 and finished in May 2007. 

2.3.2.3 Allocation of participants to groups. 

After providing consent, 30 participants were randomly allocated by an independent 

staff member to one of three groups, labelled Group A, Group B, and Group C. The 

groups represented three different testing protocols. The sequence of allocation to 

either Group A, Group B or Group C was determined according to a random numbers 

generator using a concealed method (Altman & Bland, 1999). 

2.3.2.4 Sample size. 

Sample size estimates were completed according to the method described by Walter, 

Eliasziw, and Donner (1998), and based on a-priori set levels of optimal and minimal 

acceptable limits of reliability for clinical measurement. For three tests, a minimum of 

eight people would be needed if a minimum ICC level of .6 (P0) was accepted and the 

hypothesis that findings from this study would be consistent with the current literature 

at an ICC of .9 (P1), at a level of significance (α) of .05 and power of .8 (β=.2). For 

two tests, a minimum of 12 people would be needed if a minimum ICC level of .6 (P0) 

was accepted and the hypothesis that findings from this study would be consistent 

with the current literature at an ICC of .9 (P1), at a level of significance (α) of .05 and 

power of .8 (β=.2).  
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2.3.3 Procedure. 

Testing took place in the physiotherapy department at the participating hospital. All 

participants completed three 6MWTs prior to the commencement of the cardiac 

rehabilitation program, labelled Walk 1, Walk 2 and Walk 3 (Table 2.1). On 

admission, Group A participants (n = 10) completed Walk 1, Walk 2 and Walk 3 in a 

single session; Group B participants (n = 10) completed Walk 1 and Walk 2 in a 

single session, and Walk 3 within one week and prior to commencement of cardiac 

rehabilitation; and Group C participants (n = 10) completed Walk 1 on the first 

assessment, and within one week Walk 2 and Walk 3 in a single session, prior to 

commencement of cardiac rehabilitation. No change in either medical or 

pharmacological management or exercise intervention occurred between Walk 1, 

Walk 2 and Walk 3. All walk tests were completed under the same conditions and 

supervised by the same investigator.  

Table 2.1 

Outline of 6MWT Schedule for Groups 

Group Initial screen Second review (within one week) 
A Walk 1, Walk 2, Walk 3 - 

B Walk 1, Walk 2 Walk 3 

C Walk 1 Walk 2, Walk 3 

 

2.3.3.1 Baseline demographic information. 

Baseline demographic information were collected during the initial assessment and 

included age, date of birth, gender, height and weight, cardiac diagnosis and 



 

45 

intervention, cardiac signs and symptoms, cardiac medications, relevant medical 

history and other relevant medications, mobility and use of gait aid. This information, 

along with the date and time of assessment were recorded on a data-recording sheet 

(see Appendix 4). From the data-recording sheet, body mass index (BMI) was 

calculated, where BMI was equal to weight in kilograms divided by the square of 

height in metres. Participants were grouped according to the following 

recommendations: underweight (BMI <18.5 kg/m2), healthy weight (BMI 18.5 to 

24.9 kg/m2), overweight (25.0 to 29.9 kg/m2) and obese (BMI 30 kg/m2 or greater) 

(American College of Sports Medicine, 2010a, p. 63; Kuczmarski & Flegal, 2000). A 

BMI greater than 40 kg/m2 was considered morbidly obese (Anderson, Anderson, & 

Glanze, 1997), this has also been called Class III obesity (American College of Sports 

Medicine, 2010a, p. 63).   

2.3.3.2 Outcome measure: 6MWT. 

Participants were allowed a 20-minute seated rest break prior to commencing the first 

6MWT of the session. When more than one 6MWT was completed in a single 

session, participants were given at least a 30-minute seated rest break between tests. 

This was to ensure that participants had returned to pre-exercise levels for heart rate, 

blood pressure, oxygen saturation, respiratory rate and rate of perceived exertion 

(Steele, 1996).  

All 6MWTs were completed on an indoor, flat, 20 m track in a corridor in the 

physiotherapy department at the participating hospital. Cones were placed 0.5 m in 

from both ends of the 20 m track to allow for a turning circle.  
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Instructions and encouragement for all tests were standardised according to Guyatt et 

al. (1984). Participants were instructed to walk from end to end, covering as much 

ground as they could during the six minutes. Rest breaks were permitted, but 

participants were encouraged to recommence walking as soon as they were able. 

Encouragement was provided at 30-second intervals. The researcher faced the 

participant and alternated two encouraging phrases: You’re doing well or Keep up the 

good work.  

At the end of the test, the researcher called out Stop and the distance walked in the test 

was recorded to the nearest metre. A chair was taken to the participant at the end of 

the test for a seated recovery and monitoring.  

At the completion of each test the participant rated his or her Borg rate of perceived 

exertion score using the 6-20 scale (Borg, 1990; Borg & Noble, 1973). For safety, 

heart rate and oxygen saturation measured via pulse oximetry were monitored 

throughout each test with additional monitoring after test completion until all values 

had returned to a level within 20% of the initial recordings. This information was 

recorded on the data-recording sheet (see Appendix 4). 

Participants were not able to commence the 6MWT if resting systolic blood pressure 

was greater than or equal to 200 mmHg or resting diastolic blood pressure was greater 

than or equal to 110 mmHg (American College of Sports Medicine, 2010a). Criteria 

for early termination of the test included participant distress, dizziness, angina or 

onset of severe musculoskeletal pain (Cahalin et al., 1996), failure of the heart rate to 

increase with exercise, fall in oxygen saturation below 90% (American College of 

Sports Medicine, 2010a) or attainment of 85% of maximum heart rate (Singh et al., 
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1992) using the heart rate reserve method of calculation (American College of Sports 

Medicine, 2010a, p. 160). 

2.3.4 Statistical methods. 

Participant characteristics were recorded (age, gender, weight, height, cardiac 

intervention and other relevant history) to allow description of the study sample. 

Where relevant, means were expressed followed by standard deviation. Continuous 

data were checked for normality. In the case of missing values, data were not 

imputed. 

Retest reliability was expressed in two ways: first as relative reliability, as a ratio in 

the form of the ICC (Shrout & Fleiss, 1979) with corresponding confidence intervals 

(CI), and second as absolute reliability using the standard error of measurement 

(SEM), and the 95% confidence intervals for the individual and the group. 

2.3.4.1 Between-group scores and reliability. 

Test scores across the three walks for Group A, Group B and Group C were assessed 

for statistically significant differences and also relative reliability. A one-way 

Analysis of Variance (ANOVA) was applied to determine if there were any 

statistically significant differences between the 6MWT distances in Group A, 

Group B and Group C. Further, a mixed-plot two-way ANOVA was applied to 

determine if there were any interaction effects between the groups (independent 

measure) and the three walks completed (repeated measure). 
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The use of the ICC with 95% confidence intervals is recommended for interpreting 

relative reliability for continuous data (Mokkink et al., 2010b; Shrout & Fleiss, 1979). 

Unlike the Pearson or Spearman correlation coefficient, the ICC can take into account 

both systematic error between repeated measures and random error or unpredictable 

variability. The ICC model 2 was described by Shrout and Fleiss and assumes that 

both raters and participants are randomly chosen (Shrout & Fleiss, 1979). Unlike 

other models such as the model 3, results can be generalised to other raters and 

subjects with similar characteristics (Shrout & Fleiss, 1979). This model has also been 

defined by McGraw and Wong (McGraw & Wong, 1996) as ICC(C,1) and ICC(A,1) 

when single measures are used where C refers to measures for consistence and A 

refers to measures for absolute agreement (McGraw & Wong, 1996). In IBM SPSS 

version 22 the equivalent model for single measures is the 2-way random effects 

model, selected for consistency or absolute agreement. The IBM SPSS 2-way random 

model was used to calculate the ICC with the 95% confidence intervals; for both 

consistency (ICCconsistency) and absolute agreement (ICCagreement).  

The model 2 ICCconsistency gives a relative index of the between subjects variance to the 

between subjects plus error variance. The error variance is defined as the residual 

variance ( ) calculated by the interaction between the subjects and raters. The 

error variance does not include the variability in repetition or practice and it is 

therefore unaffected by systematic change between time points in test retest reliability 

(de Vet, Terwee, Mokkink, & Knol, 2011, p. 104). ICCconsistency reflects the relative 

ranking of participants and is based on the following formula (de Vet, Terwee, Knol, 

& Bouter, 2006):  
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=
+

 

Where  is the between subjects variance and is calculated by  , and 

the error variance is defined as the residual variance ( ) and is equal to the 

EMS value from the ANOVA table.   

The Model 2 ICCagreement gives a relative index of the between subjects variance to the 

between subjects plus error variance, where the error variance is defined as the 

residual variance plus test retest variance. It provides additional information of the 

absolute agreement of the scores of repeated tests, in other words the absolute 

variability in repetition, and is based on the following (de Vet et al., 2006): 

=
+ ( + )

 

Where  is the between subjects variance,  is the residual variance 

and  is the variance due to systematic differences between time points and 

is calculated by  from the ANOVA table. In absolute agreement, the 

variability in repetition will affect the ICCagreement score. 

The ICC can vary between 0 and 1. An ICC of 0 indicates the error variance is large 

relative to the subject variance and it is assumed there is no reliability. Whereas an 

ICC of 1 indicates perfect reliability or agreement and the error variance is negligent. 

The ICC was interpreted with the following guidelines: good reliability was a score 
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greater than 0.75, moderate reliability between 0.50 and 0.75 and poor reliability less 

than 0.5 (Portney & Watkins, 2000, p. 565). 

2.3.4.2 6MWT distance. 

Change between scores for Walk 1, Walk 2 and Walk 3 was assessed for statistical 

significance with a repeated measures ANOVA. Post hoc comparisons (least 

significant difference) were performed to test for statistically significant differences 

between the walk tests (i.e., Walk 1 and Walk 2, Walk 1 and Walk 3, Walk 2 and 

Walk 3). 

2.3.4.3 Relative reliability.  

The relative reliability refers to the degree that subjects can be distinguished from 

each other in the presence of measurement error (de Vet et al., 2006; Terwee et al., 

2007). The relative reliability of the sample was interpreted using both the 

ICCconsistency and ICCagreement model with 95% confidence intervals using the method 

described in Section 2.3.4.1. The ICCconsistency and ICCagreement of the sample were 

calculated across the three walks (Walk 1, Walk 2 and Walk 3), and for all possible 

pairs of walk tests (Walk 1 and Walk 2, Walk 2 and Walk 3, and Walk 1 and Walk 3).  

2.3.4.4 Measurement error. 

Measurement error reflects the degree of precision of a score or groups of scores and 

provides a measure of the systematic and random error of a test score not attributed to 

the construct measured (Mokkink et al., 2010c). For the individual scores, 

measurement error was derived from the SEM. The measurement error around change 
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scores were expressed in terms of distance walked using the 95% confidence intervals 

for the group (Taylor, Dodd, & Graham, 2004) and the 95% confidence intervals for 

the individual, otherwise known as the limits of agreement (de Vet et al., 2006; 

Terwee et al., 2007) or least significant difference (Tilloston & Burton, 1991).  

3.3.4.4.1 Measurement error for an individual score. 

The SEM estimates, in the unit of measurement, the error component of an observed 

score (Guilford, 1954, p. 389; Harvill, 1991; Streiner & Norman, 2008, p. 191; Weir, 

2005), or more specifically, it is the standard deviation of the distribution of a test 

score when no change in status or learning effect has occurred (Weir, 2005; Wyrwich, 

2004). It can range from 0 to the standard deviation of the observed score. A score of 

0 indicates perfect consistency with the true score equal to the observed score, this 

would occur when the correlation coefficient is equal to 1.0. A SEM equal to the 

standard deviation of the observed score indicates no consistency and would occur 

when the correlation coefficient equalled 0 (Streiner & Norman, 2008, p. 191).  

To estimate measurement error, the SEM was derived using the square root of the 

error variance (de Vet et al., 2006; de Vet et al., 2011, p. 111; Guilford, 1954, p. 389). 

Similar to ICC, researchers distinguish between the traditional SEM, defined as SEM 

for consistency (SEMconsistency), and the SEM for absolute agreement (SEMagreement) (de 

Vet et al., 2006; de Vet et al., 2011, p.111). The SEMconsistency was derived using the 

following equation:  

=  

Where is the variance due to the interaction between patients and 
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observations. The SEMconsistency as a percentage of the grand mean was also expressed. 

This provided information on the relative size of the SEMconsistency.  

The SEMagreement takes into account the systematic error in test and retest scores or in 

other words variability in repetition, and was derived using the following equation (de 

Vet et al., 2006):  

= ( + ) 

Where is the variance due to systematic difference between the repeated 

and  is the variance due to the interaction between subjects and observations. 

The SEMagreement as a percentage of the grand mean was also expressed. This provided 

information on the relative size of the SEMagreement.  

3.3.4.4.2 Measurement error for change scores. 

The measurement error around the change scores were calculated for the group and 

the individual using 95% confidence intervals (Taylor, Dodd, et al., 2004). The 95% 

confidence intervals estimate the amount of change that would be required to reflect 

true change over measurement error with 95% confidence. The 95% confidence 

intervals were calculated for all combinations of pairs of walk tests. Confidence 

intervals for the group mean scores were calculated using the following equation 

(Taylor, Dodd, et al., 2004): 

95% =  ±  . ×

√
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Where Mdiff is the mean difference of retest minus test scores and takes into account 

the systematic error, SDdiff is the standard deviation of the differences between retest 

and test scores, n is the number of participants and t0.975 is the critical value for t with 

a two-tailed test at that sample size. 

To determine the degree of change required in an individual to be 95% confident of 

real change (Altman & Bland, 1999) the 95% confidence intervals were recalculated 

for n = 1 (Taylor, Dodd, et al., 2004): 

95% = ± . ×  

Data for absolute agreement for the individual were presented graphically by plotting 

individual mean test and retest scores against the corresponding individual change 

scores for all combinations of pairs of walk tests as well as the 95% limits of 

agreement (Bland & Altman, 1986). Change scores outside the 95% limits of 

agreement were considered real change and change scores within the limits of 

agreement could not be distinguished from measurement error. 

2.4 Results 

Thirty consecutive participants who met the eligibility criteria of the study consented 

to participate in the study (Figure 2.1). All (n = 30) participants completed the walk 

tests after randomisation into one of three groups prior to the commencement of 

cardiac rehabilitation.  
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36 consecutive 
potential participants 

screened

Consent, 
randomisation and 

baseline assessment 
(n = 30)

Ineligible to participate (n = 6)
- Attending education only (n = 3)

- non-ambulant (n = 1)
- insufficient English (n = 1)
- cardiovascular risk factor 

reduction (n = 1)

Group C
Session 1: Walk 1
Session 2: Walk 2, 

Walk 3
(n = 10)

Group B
Session 1: Walk 1, 

Walk 2
Session 2: Walk 3

(n = 10)

Group A 
Session 1: Walk 1, 

Walk 2, Walk 3 
(n = 10)

 

Figure 2.1. Participant recruitment and participation for test retest reliability of the 
6MWT. 

2.4.1 Characteristics of the participants in the sample. 

2.4.1.1 Baseline demographic characteristics of participants. 

Table 2.2 shows the baseline demographic characteristics for all participants (n = 30) 

who completed the study. The mean age of participants was 63 years (SD 8) with the 

youngest participant 49 years and the oldest 79 years. There were more men (n = 24) 

than women (n = 6). Twenty of the participants underwent a revascularisation 

procedure prior to commencing cardiac rehabilitation; this included percutaneous and 

open interventions.  
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Table 2.2 

Baseline Demographic Characteristics of the Sample 

Characteristics 
Group A 
n = 10 

Group B 
n = 10 

Group C 
n = 10 

Total 
n = 30 

Age mean (SD) 61 (8) 64 (8) 65 (7) 63 (8) 

Gender male:female n  7:3 8:2 9:1 24:6 

Intervention   n (%)     

  Revascularisation Surgery  6 (60) 5 (50) 9 (90) 20 (67) 

  Medical management  3 (30) 3 (30) 1 (10) 7 (23) 

  Heart Valve Surgery  1 (10) 2 (20) 0 (0) 3 (10) 

Height mean (SD) (cm) 171 (7) 173 (7) 179 (9) 174 (8) 

Weight mean (SD) (kg) 84 (19) 81 (8) 86 (8) 84 (13) 

BMI  mean (SD) (kg/m2) 29 (6) 27 (2) 27 (3) 28 (4) 

BMI category n (%)     

  Underweight 1 (10) 0 (0) 0 (0) 1 (3) 

  Healthy 2 (20) 1 (10) 3 (30) 6 (20) 

  Overweight 2 (20) 9 (90) 4 (40) 15 (50) 

  Obese 5 (50) 0 (0) 3 (30) 8 (27) 

Note. BMI = body mass index. 

Of the participants, 11 (37%) were referred to cardiac rehabilitation following a 

percutaneous intervention, 10 (33%) after coronary artery bypass graft surgery, six 

(20%) following commencement of medical management for coronary artery disease, 

two (7%) following mitral valve replacement and one (3%) following an aortic valve 

replacement. The mean time elapsed since an acute event was 27 days (SD 11). All 

participants were able to walk independently without a gait aid. No participant had a 

history of falls. 

The mean height of participants was 174 cm (SD 8), and the average weight was 

84 kg (SD 13). There were no statistically significant between-group differences in 

participant height (F(2,29) = 2.629, p = .091) or weight (F(2,29) = .406, p = .670). 
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The mean BMI for the sample was 27.7 kg/m2 (SD 4.0) indicating that on average the 

sample was overweight. Six (20%) participants were in their healthy weight range. 

One participant was underweight, 15 (50%) were overweight and eight (27%) were 

obese. No participant was categorised as morbidly obese with a BMI greater than 40 

kg/m2. There were no statistically significant differences in BMI between the three 

groups (F(2,29) = .402, p = .673).  

2.4.1.2 Cardiovascular observations and safety. 

All participants completed the three 6MWTs safely without complications, and no test 

was prematurely stopped. Participants made a full recovery between walk tests, in 

terms of heart rate, blood pressure, respiratory rate, oxygen saturation and rate of 

perceived exertion. All cardiovascular observations returned to baseline scores after 

each walk (Table 2.3). On three occasions, participants required up to five minutes for 

their heart rate to return to within 20% of baseline. 

Table 2.3 

Recovery and Symptoms Reported at end of the 6MWT 

Recovery and end test symptoms Walk 1 Walk 2 Walk 3 
2 min recoverya n (%) 28 (93) 29 (97) 30 (100) 

Symptoms reported at end of test n (%) 

  Thoracic pain (non-cardiac) 1 (3) 3 (10) 1 (3) 

  Fatigue 2 (7) 3 (10) 3 (10) 

  Lower limb pain 3 (10) 3 (10) 3 (10) 

  No symptoms  18 (60) 15 (50) 18 (60) 

  Other 1 (3) 2 (7) 1 (3) 

  Shortness of breath 5 (17) 6 (20) 4 (13) 

Note. a 2 min recovery was defined as heart rate within 20% of baseline measure at two 
minutes.  
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2.4.2 Between-group differences and reliability. 

Mean scores for each 6MWT across Group A, Group B and Group C are shown in 

Table 2.4. There was a statistically significant increase in the mean distance walked 

over the three walks (Walk 1, Walk 2 and Walk 3) for each group. Post hoc analysis 

showed that this difference was significant for all walk test score comparisons. 

However, there were no statistically significant between-group differences for Walk 1 

(F(1,9) = 0.154, p = .8), Walk 2 (F(1,9) = 0.160, p = .85) or Walk 3 (F(1,9) = 0.021, 

p = .98). There were no significant interaction effects (F(4,54) = 1.67, p = .17).  

Across the three walks, good relative retest reliability was shown for Group A, 

Group B and Group C. The ICC model 2 and 95% confidence bands suggest a wide 

overlap in relative reliability across the three groups (Table 2.4). 

As there were no significant between-group differences or interaction effects between 

the three groups (Group A, Group B and Group C) and similar results for relative 

reliability for the three groups it was decided that only data for the combined sample 

(n = 30) will be presented.  
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2.4.3 6MWT distance. 

The mean distance walked improved over the three walks. Participants (n = 30) 

walked a mean distance of 444 m (SD 75) for Walk 1, 496 m (SD 68) for Walk 2 and 

529 m (SD 71) for Walk 3. The difference between the three walks was statistically 

significant (F(2,58) = 109.5 p < .001). Post hoc analysis showed that this difference 

was significant for all walk test score comparisons (i.e., Walk 1 and Walk 2; Walk 2 

and Walk 3 and Walk 1 and Walk 3).  

Twenty nine of the 30 participants walked further in Walk 2 compared with Walk 1, 

and 29 of the participants walked further in Walk 3 compared with Walk 2 and 

Walk 3 compared with Walk 1. Fourteen participants walked 50 m or more further in 

Walk 2 compared with Walk 1, 26 participants walked 50 m or more further in 

Walk 3 compared with Walk 1, and 7 participants walked 50 m or more further in 

Walk 3 compared with Walk 2.  

2.4.4 Relative test retest reliability. 

For the combined sample (n = 30) good relative retest reliability was shown for 

Walk 1, Walk 2 and Walk 3 with the ICCconsistency = .94, 95% CI [.83, .95]. However, 

when the absolute scores and the systematic error of increasing distance with each 

walk was taken into account only fair relative retest reliability was shown for Walk 1, 

Walk 2 and Walk 3 with ICCagreement = .66, 95% CI [.10, .87]. The results for relative 

reliability for all pairs of walk tests are presented in Table 2.5. 
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Table 2.5 

Relative Test Retest Reliability of the 6MWT across Three Tests 

6MWT 

ICC for consistency  ICC for absolute agreement  

ICC 

95% CI 

ICC 

95% CI 

LL UL LL UL 
Walk 1, 2 and 3 .94 .83 .95 .66  .10 .87 

Walk 1 and 2 .93 .86 .97 .74 0 .93 

Walk 1 and 3 .87 .74 .93 .52 0 .84 

Walk 2 and 3 .91 .81 .95 .82 .18 .94 

Note. ICC = intraclass correlation coefficient; CI = confidence interval; LL = lower limit; UL 
= upper limit. 

2.4.5 Measurement error of the 6MWT in cardiac rehabilitation.  

2.4.5.1 Measurement error for an individual score. 

The SEMconsistency ranged from 19 to 27 m or 4 to 5 per cent of the grand mean. 

However, when test retest variability or systematic error was accounted for in the 

measurement error the SEMagreement ranged from 32 to 66 m or 6 to 13% of the grand 

mean. The results of the SEM for all combination of walk tests are shown in Table 

2.6. 

Table 2.6 

Summary of Measurement Error for the Individual Scores 

6MWT 

SEM for consistency SEM for absolute agreement 

SEMconsistency (m) 
% of grand 

mean SEMagreement (m) 
% of grand 

mean 
Walk 1 and 2 19  4 41  9 

Walk 1 and 3 27  5 66  13 

Walk 2 and 3 21  4 32  6 

Note. SEM = standard error of measurement. 
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2.4.5.2 Measurement error for the change score. 

For the group, a change of at least 63 m would be required as an indication of real 

change, over and above measurement error with 95% confidence, between the first 

and the second walk test (Table 2.7). If the first test is regarded as a practice test, a 

change of at least 45 m would be required for real change, over and above 

measurement error, with 95% confidence, between the second and third 6MWTs 

completed before cardiac rehabilitation. A summary of the 95% confidence intervals 

for the group is presented in Table 2.7.  

Table 2.7 

Summary of Measurement Error for the Change Scores 

6MWT Mdiff (m) (SDdiff) 
95% CIgroup (m) 95% CIindividual (m) 
LL UL LL UL 

Walk 1 and 2  52 (26) 42 62 -2  106 

Walk 1 and 3  85 (38) 71 99 8 162 

Walk 2 and 3 33 (30) 22 44 -29 95 

Note. Mdiff = mean difference; SDdif = standard deviation of the difference; CI = confidence 
interval; LL = lower limit; UL = upper limit. 

For the individual in this population, a change of at least 107 m from the first to the 

second walk test would be required as an indication of real change, over and above 

measurement error with 95% confidence. A change of 96 m would be required as an 

indication of real change, over and above measurement error with 95% confidence, in 

an individual attending cardiac rehabilitation between the second and third 6MWTs, 

with the first test being considered a practice test. This is equivalent to walking an 

additional five laps of a 20 m corridor in six minutes, or an increased mean walking 
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speed by 0.27 m/sec over the six minutes. A summary of the 95% confidence intervals 

for the individual is presented in Table 2.7. 

Bland-Altman plots for all combinations of pairs of walks are presented in Figure 2.2. 

Figure 2.2B shows two participants with differences in walk distances outside the 

upper limit of agreement. The two participants were men aged in their 60s, one in 

Group B, and the other in Group C. One participant had surgery for aortic 

regurgitation and one had a percutaneous intervention for coronary revascularisation 

following a NSTEMI. For Walk 1 and Walk 3 (Figure 2.2C) the difference in distance 

walked was outside the lower limit of agreement for one participant. This participant 

was a 72 year old man who had undergone medical management for angina and was 

allocated to Group B. This participant walked further in Walk 2 compared with 

Walk 1, however, the distance walked in Walk 3 was less than the distance walked in 

both Walk 1 and Walk 2. 

2.5 Discussion 

The purpose of this chapter was to assess if the time elapsed between testing is 

associated with differences in test scores and reliability and to describe the evidence 

for retest reliability of the 6MWT as a measure of physical fitness and functional 

capacity in a mixed cardiac rehabilitation program when up to three tests were 

performed.  
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This study provided evidence that 6MWT scores and reliability were not affected by 

the time elapsed between testing when the 6MWTs were completed in a one week 

time period and prior to the commencement of cardiac rehabilitation. No statistically 

significant difference in walk distance or interaction effects were found between the 

group that completed three tests in a single session, the group that completed two tests 

in the first session and a follow-up test within one week, and the group that completed 

one test in the first session and two follow-up tests within one week. This was the first 

study to investigate the effect of patterns of testing on 6MWT distance and reliability. 

The findings suggest that, if the 6MWT was to be used as a measure of physical 

fitness and functional capacity, the timing of testing prior to the commencement of 

cardiac rehabilitation could be scheduled to meet the needs of the patient and the 

clinician, without affecting test results.  

Participant performance, measured by 6MWT distance, continued to increase over the 

three 6MWTs and these improvements were statistically significant. These results are 

consistent with findings by two earlier studies reporting on elderly patients with 

cardiac disease (Gayda et al., 2004) and patients attending cardiac rehabilitation with 

mild disease (Hamilton & Haennel, 2000). A potential learning effect provides one 

explanation for the systematic error observed over the three walks (Wu, Sanderson, & 

Bittner, 2003). Self-paced tests, such as the 6MWT are likely to be influenced by 

motivational and volitional factors (Rasekaba et al., 2009). It is possible that these 

factors along with anxiety or fear related to cardiac diagnosis and physical fitness, 

resulted in poorer initial test performances. Participants may have been gradually 

testing their walking abilities, and were willing to further exert themselves only after 
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the successful completion and recovery of a 6MWT. In addition, the ‘warm up’ effect 

of the initial tests cannot be ruled out.  

The statistically significant improvements over repeated walk tests has not been 

consistently demonstrated across all cardiac rehabilitation groups, such as a chronic 

heart failure population (Patrick, 2005). It is possible that this specific population 

responded differently compared with a mixed cardiac rehabilitation population and, 

hence, may not be directly comparable. The 6MWT is a self-paced test; the 

participants in the current study were not limited by symptoms, whereas it is possible 

that patients with chronic heart failure experience performance-limiting symptoms 

such as breathlessness and that, the onset of these symptoms occurs at a predictable 

work rate. 

The results of this study did not support the relative reliability of the 6MWT over 

three walks in this population, when the ICC was based on absolute agreement. 

However, when the ICC was calculated for consistency, the results indicated good 

relative reliability with repeated testing with an ICCconsistency of .90 across the three 

walks. This finding is consistent with earlier reports in the literature (Hamilton & 

Haennel, 2000), suggesting that patients remain consistent in their relative ranking 

order. However, the use of reliability coefficients based on relative ranking or 

consistency alone can be misleading (Costa-Santos, Bernardes, Ayres-de-Campos, 

Costa, & Costa, 2011; Keating & Matyas, 1998). When absolute scores are important, 

such as in clinical situations when the obtained 6MWT distances may guide the 

implementation of an individualised exercise program, the 6MWT may not have 

sufficient relative reliability.  
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In this study, the two-way random effects ICCagreement scores yielded much smaller 

values than the two-way random effects ICCconsistency scores. The smaller values were 

a reflection of the systematic change in the distances walked between Walk 1, Walk 2 

and Walk 3. Previous research in the area of orthopaedics have recommended 

reporting of the model, type and measures used in the calculation of the ICC (Lee et 

al., 2012). The results of this research also highlighted the importance of adequately 

describing the model of ICC used. 

Measurement error for the individual score and the change scores for the group and 

individual remained large even after repeated testing. The SEMagreement demonstrated 

considerable variability even after repeated testing. For example, the SEMagreement of 

32 m derived from 6MWT distances in Walk 2 and Walk 3 indicated if a true walk 

distance score was 500 m, the observed score can be calculated with 95% confidence 

using the formula 500 ± 1.96 ×  or for a true score of 500 m the observed score, 

with 95% confidence would fall between 437 and 563 m. This is important if using 

cut-off points in clinical decision making. For example, a poor performance in the 

6MWT in cardiac populations has been suggested as less than 300  m and a high score 

greater than 450 m (Lucas et al., 1999; Zugck et al., 2000). In this study, when a 

practice test was not completed, the SEMagreement was 41 m, for a true score of 300 m 

the observed score, with 95% confidence would fall between 220 and 380 m. For a 

high score of 450 m, the observed score, with 95% confidence would fall between 370 

and 530 m. An observed score of 370 or 380 m would be difficult to interpret. The 

large SEMagreement scores reflect the large degree of systematic change in repeated 

6MWTs makes it difficult to interpret observed 6MWT scores.  
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The reported 95% confidence intervals for the individual demonstrated that if the first 

test was considered a practice test, an individual would need to increase his or her 

walk distance by more than 95 m between the second and third walk to be confident 

of real change with 95% confidence. This is higher than reports by Nogueira et al. 

(2006) who reported a distance greater than 47 m to be 95% confident of true change 

between the second and third walk. The wide confidence intervals may be a reflection 

of the heterogeneous population in cardiac rehabilitation, compared with other 

research investigating specific cardiac populations such as early post myocardial 

infarction (Nogueira et al., 2006; Roberts, Li, & Sykes, 2006) or chronic heart failure 

(Patrick, 2005, 2008). 

This study presents new information on the measurement error of the 6MWT for 

patients during the pre-cardiac rehabilitation assessment in the form of the 95% 

confidence intervals for the group. If the first test were regarded as a practice test, a 

group would need to change by more than 44 m to be confident of real change with 

95% confidence and this score increases to more than 62 m between the first and the 

second walk. Some researchers have measured 6MWT results before and after cardiac 

rehabilitation (Roberts et al., 2006; Tallaj et al., 2001; Wright, Khan, Gossage, & 

Saltissi, 2001) and reported mean change scores from 57 to 86 m in patients with left 

ventricular ejection fraction of equal to or greater than 40% and those with left 

ventricular ejection fraction less than 40% respectively (Tallaj et al., 2001). (Wright et 

al. (2001) and Roberts et al. (2006) reported improvements of 62 m and 67 m, 

respectively. Given these values, it is possible that the measurement error exceeds the 

increase in distance observed after cardiac rehabilitation programs when only one test 

is performed.  
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The results indicated that in this cardiac rehabilitation population, three 6MWTs 

repeated in relatively short time frames prior to the commencement of cardiac 

rehabilitation were insufficient to yield reliable scores in terms of relative reliability 

and absolute reliability. It is possible that adding further testing sessions, that is 

having a fourth or even a fifth testing session at baseline, may address the systematic 

error and yield reliable results. However, in a clinical setting it is unlikely that clinical 

staff and patients would have the ability to complete more than three tests without 

causing delays to care and to the start of cardiac rehabilitation. The time required to 

complete three walk tests with adequate rest breaks in between nears 90 minutes. 

Each additional test would require approximately 30 minutes additional assessment 

time. It is unknown what effect patient fatigue would play with these additional tests. 

Patrick (2005) discussed the time constraints of repeated testing in a clinical setting. 

The 6MWT has been shown to be well tolerated in a variety of cardiac populations 

during repeated same-day testing (Cahalin et al., 1996; Kervio et al., 2004a; 

Kristjánsdóttir et al., 2004; Nogueira et al., 2006; Patrick, 2005), with the test being 

safely completed three or four times in one day (Kristjánsdóttir et al., 2004; Nogueira 

et al., 2006; Patrick, 2005). Patrick (2005) also suggested that the time required to 

complete three or four tests may not be practical in a clinical setting. 

2.5.1 Implications. 

When used as a measure of exercise tolerance in a mixed cardiac rehabilitation 

population prior to commencing cardiac rehabilitation, the 6MWT was not reliable 

even after three tests. The relatively high ICCconsistency demonstrated in our study is 

potentially misleading, as it does not take account of systematic change. The 

systematic measurement error was large and would likely obscure any true change in 
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individuals and possibly groups of patients. These results suggest that the 6MWT is 

not a reasonable test to use in this population because it is not practical for a clinician 

or patient to complete more than three 6MWTs prior to commencing a cardiac 

rehabilitation program (Patrick, 2005). These results suggest that, in a mixed cardiac 

population, if it is not feasible to complete more than three tests, the 6MWT is not a 

reliable test. Further research is necessary to investigate other field exercise tests that 

are practical, reliable and valid tests for patients receiving cardiac rehabilitation.   
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Chapter 3: Retest Reliability of the 10 m Incremental Shuttle Walk Test 

3.1 Chapter Aims 

This study addressed secondary research aims 4 and 5. The first aim was to determine 

the evidence for both the relative retest reliability of the 10 m ISWT when up to three 

tests were performed in a single session in a mixed cardiac rehabilitation population. 

The second aim was to determine the evidence for measurement error of the 10 m 

ISWT when up to three tests are performed in a mixed cardiac rehabilitation 

population. The results have been published (Appendix 1) (Hanson, Taylor, & 

McBurney, 2016) and are presented in an expanded format in this chapter. 

3.2 Introduction 

The 10 m ISWT is a field exercise test that can be used in cardiac rehabilitation, and 

supervised by clinicians such as physiotherapists. Results of the 10 m ISWT may 

provide clinicians with information on physical fitness and functional capacity at an 

individual or group level, and if repeated at the end of cardiac rehabilitation may 

provide a measure of change for the individual or group. A description of the 10 m 

ISWT was provided in Chapter 1, Section 1.4.2.2.  

The 10 m ISWT may be a suitable alternative to the self-paced symptom-limited 

6MWT to measure the physical fitness and functional capacity of patients attending 

cardiac rehabilitation. The results reported in Chapter 2 indicated that the 6MWT may 

not be a reliable field test in the cardiac rehabilitation population. It was demonstrated 
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in Chapter 2 that when the 6MWT was repeated up to three times, the systematic 

change remained large, and the confidence intervals for both the group and individual 

were wide. One possible reason proposed for these findings was an ongoing learning 

effect. The participants were not symptom-limited during the self-paced walk test, for 

example limiting shortness of breath, and after recovery, demonstrated increased walk 

distances on subsequent 6MWTs.  

Previous research supports the relative reliability of the 10 m ISWT in the cardiac 

rehabilitation population, with reliability coefficients between the first and second 

walk ranging from .94 (Fowler et al., 2005; Jolly, Taylor, Lip, & Singh, 2008) to .98 

(Green et al., 2001). Relative reliability was further improved when the 10 m ISWT 

was repeated, with reliability coefficients of .99 between the second and third walk 

(Fowler et al., 2005; Lewis, Newal, Townend, Hill, & Bonser, 2001). The method of 

calculation of the reliability coefficient varied between researchers. Jolly et al. (2008) 

reported that the ICC in the analysis used between and within subject means squares 

produced from a one-way ANOVA according to the methods described by Rankin 

and Stokes (1998), equivalent of an ICC Model 1. This model provides the most 

conservative estimate of all the ICC models (Rankin & Stokes, 1998; Shrout & Fleiss, 

1979). Fowler et al. (2005) did not specify the model of ICC used in the research and 

Lewis et al. (2001) did not provide details of the type of correlation analysis used in 

their research. The previous research provides support for the evidence for the relative 

test retest reliability of the 10 m ISWT in groups of patients eligible for cardiac 

rehabilitation. However, as demonstrated in Chapter 2 and by previous researchers, 

the use of reliability coefficients when measured for consistency can be misleading in 

test retest reliability studies because the correlation coefficient provides a measure of 
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the relationship between scores and not the agreement between the scores (Bland & 

Altman, 1986; Costa-Santos et al., 2011; Keating & Matyas, 1998).  

There is limited information about the measurement error of the 10 m ISWT in 

cardiac rehabilitation populations, including the number of tests required to achieve 

reliable scores that minimise measurement error. Three studies were located that 

reported measurement error of the 10 m ISWT in cardiac populations using group or 

individual confidence intervals (Fowler et al., 2005; Jolly et al., 2008; Pulz et al., 

2008). For the cardiac rehabilitation group, after one test, an improvement in test 

score required to be interpreted as greater than measurement error ranged from 36 m 

in a mixed cardiac rehabilitation group in a single session (Jolly et al., 2008), to 56 m 

for a group of patients following coronary artery bypass surgery who completed the 

tests within one week (Fowler et al., 2005). For an individual attending cardiac 

rehabilitation, after one test, an improvement in test score required to be interpreted as 

more than measurement error ranged from 53 m in those with heart failure in a single 

session (Pulz et al., 2008) to 122 m (Fowler et al., 2005). Additionally, Fowler et al. 

(2005) reported that measurement error improved if a practice walk was included. 

They demonstrated if a second walk was completed within one week, an increase in 

walk distance of more than 5 m for groups and 21 m for individuals exceeded 

measurement error with 95% confidence, in patients following coronary artery bypass 

graft surgery (Fowler et al., 2005). The addition of a practice test may reduce the 

amount of change needed to exceed measurement error and improve the retest 

reliability of the 10 m ISWT in cardiac rehabilitation populations.  

There remains uncertainty about whether there is systematic error when the 10 m 

ISWT is repeated in a cardiac rehabilitation population. Three studies reported 
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significant improvement in test scores for the 10 m ISWT between the first and 

second walk (Fowler et al., 2005; Jolly et al., 2008; Morales et al., 1999), whereas 

four studies reported no significant change in test scores (Arnott, 1997; Green et al., 

2001; Payne & Skehan, 1996; Pulz et al., 2008). Two studies reported using a practice 

walk but did not provide any further information in their data analysis (Green et al., 

2001; Lewis et al., 2001). It is possible that a practice walk may be required when 

using the 10 m ISWT in a mixed outpatient cardiac rehabilitation population but little 

information is available about the absolute reliability of the test when assessed in a 

single session.  

The aim of this study was to determine the evidence for the relative reliability and the 

measurement error of the 10 m ISWT in a mixed cardiac rehabilitation population.  

3.3 Method 

Research used a quantitative design of repeated testing on participants referred to a 

cardiac rehabilitation program.  

3.3.1 Ethics approval and consent. 

Ethics approval was granted by La Trobe University, Faculty of Health Sciences, 

Faculty Human Ethics Committee (reference number FHEC07/99) and La Trobe 

University, University Human Ethics Committee (reference number 10-082), Bendigo 

Health Human Research Ethics Committee (reference number 1/2007) and St John of 

God Health Care Human Research Ethics Committee (reference number 438) (see 

Appendix 2). All participants enrolled in the investigation read and signed a 
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Participant Information and Consent Form that was approved by the relevant ethics 

committees (see Appendix 3). 

3.3.2 Participants. 

3.3.2.1 Eligibility criteria for participants. 

The eligibility criteria were the same as those described in Chapter 3, Section 2.3.2.1.  

3.3.2.2 Recruitment procedures. 

A consecutive series of patients referred to cardiac rehabilitation at one of two centres 

who met the eligibility criteria of the study were invited to participate by the cardiac 

rehabilitation nurse coordinator at the site. Referrals for patients were received from 

internal hospital wards, external hospitals, cardiologists, general practitioner or self-

referral. The cardiac rehabilitation nurse coordinator at each site provided the initial 

screen to determine eligibility. Recruitment for the pilot study began in October 2007 

and finished in November 2007 and for the main study began in March 2011 and 

finished in October, 2011.  

3.3.2.3 Sample size. 

Sample size estimates were completed according to the method described by Walter et 

al. (1998) and based on a-priori set levels of optimal and minimal acceptable limits of 

reliability for clinical measurement. For two tests, a minimum of 12 people would be 

needed if a minimum ICC level of 0.6 (P0) was accepted and the hypothesis that 

findings from this study would be consistent with the current literature at an ICC of .9 
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(P1), at a level of significance (α) of .05 and power of .8 (β=.2). A minimum of 46 

people would be needed for two tests if a minimum ICC level of 0.8 (P0) was 

accepted and the hypothesis that findings from this study would be consistent with the 

current literature at an ICC of .9 (P1).  

3.3.3 Procedure. 

A repeated measures design was used in the physiotherapy department at two 

participating hospitals. All participants completed two 10 m ISWTs in a single session 

before commencement of a cardiac rehabilitation program, the 10 m ISWTs were 

labelled ISWT 1 and ISWT 2. The first 10 participants enrolled, participated in a pilot 

study and completed a third 10 m ISWT in the same session as the first two tests and 

labelled ISWT 3. All walk tests were completed under the same conditions by the 

same investigator. 

3.3.3.1 Baseline demographic information. 

Baseline demographic information was collected during the initial assessment and 

included age, date of birth, gender, height and weight, cardiac diagnosis and 

intervention, cardiac signs and symptoms, cardiac medications, relevant medical 

history, and other relevant medications, mobility and use of gait aid. This information, 

along with the date and time of assessment were recorded on a data-recording sheet 

(see Appendix 4). From the data-recording sheet, BMI was calculated as per the 

description in Chapter 2, Section 2.3.3.1.  
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3.3.3.2 Outcome measure: 10 m ISWT. 

Participants were allowed a 20-minute rest break prior to commencing the first 10 m 

ISWT and were given a 30-minute rest break between subsequent tests to ensure they 

had returned to pre-exercise levels for heart rate, blood pressure, oxygen saturation 

and rating of perceived exertion (Steele, 1996). Participants were not able to 

commence the 10 m ISWT if resting systolic blood pressure was greater than or equal 

to 200 mmHg or resting diastolic blood pressure was greater than or equal to 

110 mmHg (American College of Sports Medicine, 2010a).  

The 10 m ISWT protocol was administered according to the description of Singh et al. 

(1992) and described in Chapter 1, Section 1.4.2.2. The 10 m ISWTs were completed 

on an indoor, flat, 10 m track. A shuttle referred to one 10 m lap. A recording of 

standardised instructions for the 10 m ISWT was played immediately prior to 

beginning the walk test. The test commenced after a four-second count down 

followed by a triple beep.  

No encouragement was provided during the test. To assist with familiarisation, the 

researcher walked alongside the participant for the first minute. After this minute the 

researcher stood midway and to the side of the 10 m track to observe the participant. 

The researcher reminded the participant to increase walking speed slightly when the 

triple beep sounded. If the participant reached the cone before the signal beep, the 

researcher reminded the participant to wait until the beep before commencing the next 

shuttle.  
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The test was stopped when the participant could no longer maintain the required pace 

or was more than 0.5 m from the cone after the signal beep after one opportunity to 

catch-up. Additional criteria for early termination of the test included patient distress, 

dizziness, angina, or onset of severe musculoskeletal pain, failure of the heart rate to 

increase with exercise, fall in oxygen saturation below 90% (American College of 

Sports Medicine, 2010a) or attainment of 85% of the maximum heart rate (Singh et 

al., 1992) using the heart rate reserve method. 

The number of shuttles completed were recorded and at the completion of each test 

converted to the distance walked. In addition, at the completion of the test participants 

rated their Borg rate of perceived exertion score using the 6-20 scale (Borg, 1990; 

Borg & Noble, 1973). For safety, heart rate and oxygen saturation were monitored 

throughout each test with additional monitoring after the test until all values had 

returned to a level within 20% of the initial recordings. Blood pressure was recorded 

in a seated position before and after the test and until both diastolic and systolic 

values had returned to 20% of the initial recording. This information was recorded on 

the data-recording sheet (see Appendix 4).  

3.3.4 Statistical methods. 

Participant characteristics were recorded (age, gender, weight, height, cardiac 

intervention and other relevant history) to allow description of the study sample. 

Where relevant, means were expressed followed by standard deviation. Continuous 

data were checked for normality. In the case of missing values, data were not 

imputed. A one-way ANOVA was applied to determine the presence of significant 
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systematic change between walks. Post hoc comparisons (least significant difference) 

were performed to test for statistically significant differences between the walk tests. 

Retest reliability was expressed in two ways: first as relative reliability, as a ratio in 

the form of the ICC (Shrout & Fleiss, 1979) with corresponding confidence intervals, 

and second as measurement error using the SEM, and using the 95% confidence 

intervals for the group and the individual. The relative reliability of the sample was 

interpreted using both the ICCconsistency and ICCagreement two-way random effects model 

with 95% confidence intervals across the walks, and for all possible pairs of walk 

tests. The ICC was interpreted with the following guidelines: good reliability was a 

score greater than 0.75, moderate reliability between 0.50 and 0.75 and poor 

reliability less than 0.5 (Portney & Watkins, 2000, p. 565). A detailed description of 

the ICC and a detailed rationale for this model was provided in Chapter 2, Section 

2.3.4.1.  

For the measurement error of an individual score the SEMconsistency and SEMagreement 

were derived according to the method described in Chapter 2, Section 2.3.4.4.1. The 

measurement error around the change scores were calculated for the group and the 

individual using 95% confidence intervals (Taylor, Dodd, et al., 2004) according to 

the method described in Chapter 2, Section 2.3.4.4.2. 

3.4 Results 

Sixty-two participants who met the eligibility criteria of the study consented to 

participate in the study (Figure 3.1). There were no dropouts. All participants who met 

the eligibility criteria of the study completed two 10 m ISWTs in a single session 
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prior to the commencement of the cardiac rehabilitation program. The first 10 

participants completed a third walk test in the same session prior to the 

commencement of the cardiac rehabilitation program. All participants completed the 

required number of 10 m ISWTs to volitional exhaustion without complications or 

safety concerns. There were no deviations from the study. 

71 consecutive potential 
participants screened

Consent, baseline 
assessment of eligible 

patients
(n = 62)

Pilot study
Session: ISWT 1, ISWT 2, ISWT 3

(n = 10)

Main study
Session: ISWT 1, ISWT 2

(n = 62)

Ineligible to participate (n = 9)

- attending for education only (n = 5)
- insufficient English (n = 2)

- cardiovascular risk factor reduction 
(n = 2)

       

 

Figure 3.1. Participant recruitment and participation for the retest reliability of the 
10 m ISWT.  
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3.4.1 Characteristics of the sample. 

3.4.1.1 Baseline demographic characteristics of participants. 

Table 3.1 shows the baseline demographic characteristics for all participants (n = 62), 

as well as the participants in the pilot study (n = 10). The mean age of participants 

was 68 years (SD 10) with the youngest participant 46 years and the oldest participant 

91 years. The mean time elapsed since an acute event was 11 days (SD 24). All 

participants mobilised independently, three participants required the use of a single 

point stick.  

Table 3.1 

Characteristics of the Sample 

Characteristics Pilot study n = 10 Main study n = 62 
Age mean (SD) 67 (10) 68 (10) 

Gender male:female n  5:5 45:17 

Intervention n (%)   

  Revascularisation Surgery  8 (80) 39 (63) 

  Medical management  2 (20) 16 (26) 

  Other intervention  0  7 (11) 

Height mean (SD) (cm) 161 (11) 170 (9) 

Weight mean (SD) (kg) 83 (17) 84 (15) 

BMI  mean (SD) (kg/m2) 32 (5) 29 (5) 

BMI category n (%)   

  Underweight 0 0 

  Healthy 0 10 (16) 

  Overweight 4 (40) 29 (47) 

  Obese 6 (60) 22 (35) 

  Morbidly obese 0 1 (2) 

Note. BMI = Body mass index. 
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3.4.1.2 Cardiovascular observations and safety. 

All participants were stable and not in breach of the safety criteria for commencing 

the walk tests. No participant stopped the test early due to cardiac symptoms or pain 

or distress. Participants made a full recovery between walk tests. All cardiovascular 

observations returned to baseline scores after each walk (Table 3.2).  

Table 3.2 

Recovery and Symptoms Reported at End of the 10 m ISWT 

End of test symptoms 
ISWT 1 
(n = 62) 

ISWT 2 
(n = 62) 

ISWT 3 
(n = 10) 

2 min Recovery n (%) 57 (92) 48 (77) 4 (40) 

Symptoms reported at end of test n (%)    

  No Symptoms 21 (34) 17 (27) 1 (10) 

  Lower limb pain 10 (16) 11 (18) 3 (3) 

  Shortness of breath 34 (55) 36 (58) 7 (70) 

  Other 1 (2) 3 (5) 0 

Note. a 2 min recovery was defined as heart rate within 20% of baseline measure at two 
minutes. 

3.4.2 Pilot study. 

In the pilot study, the mean distance walked for ISWT 1 was 378 m (SD 224), for 

ISWT 2 was 393 m (SD 239) and for ISWT 3 was 398 m (SD 229). There was a trend 

for an increase in the mean distance walked from ISWT 1 to ISWT 2 to ISWT 3, but, 

this trend was not statistically significant (F(2,18) = 3.197, p = 0.065). 

For the pilot group (n = 10), good relative retest reliability was obtained over the three 

walks completed prior to cardiac rehabilitation, the ICCconsistency was .994, 95% CI 
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[.981, .998] and ICCagreement was .992, 95% CI [.976, .998]. The results for relative 

reliability for all combinations of the walk tests for the pilot study are presented in 

Table 3.3. 

Table 3.3 

Relative Test Retest Reliability of the 10 m ISWT for the Pilot Study 

10 m ISWT 

ICC for consistency  ICC for absolute agreement 

ICC 

95% CI 

ICC 

95% CI 

LL UL LL UL 
ISWT 1, 2 and 3 .994  .981,  .998 .992  .976,  .998 

ISWT 1 and 2 .992  .967,  .998 .990  .961,  .998 

ISWT 1 and 3 .992  .967,  .998 .989  .940,  .997 

ISWT 2 and 3 .997  .989,  .999 .997  .990,  .999 

Note. ICC = intraclass correlation coefficient; CI = confidence interval; LL = lower limit; UL 
= upper limit. 

The SEMconsistency ranged from 12 to 21 m and the SEMagreement ranged from 12 to 24 

m. The results of the SEM for all combinations of walk tests are shown in Table 3.4.  

Table 3.4 

Summary of Measurement Error for the Individual Scores of the 10 m ISWT for the 

Pilot Study 

10 m ISWT 

SEM for consistency SEM for absolute agreement 

SEMconsistency (m) 
% of grand 

mean SEMagreement (m) 
% of grand 

mean 
ISWT 1 and 2 21 5 23 6 

ISWT 1 and 3 21 5 24 6 

ISWT 2 and 3 12 3 12 3 

Note. SEM = standard error of measurement. 
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For the pilot group (n = 10) a change of at least 37 m would be required as an 

indication of real change, over and above measurement error with 95% confidence, 

between the first and the second walk test. If the first 10 m ISWT is regarded as a 

practice test, a change of at least 18 m would be required as an indication of real 

change, over and above measurement error with 95% confidence, between the second 

and third ISWT completed before cardiac rehabilitation.  

The group and individual confidence intervals for the pilot study are shown in Table 

3.5. For the group, a change of at least 37 m from the first to the second walk test and 

42 m between the first and the third walk test would be required as an indication of 

real group change, over and above measurement error with 95% confidence. A mean 

group change of 18 m would be required as an indication of real group change, over 

and above measurement error with 95% confidence, in a cardiac rehabilitation group 

between the second and third walk test, with the first test considered a practice test.  

Table 3.5 

Summary of Measurement Error for the Change Scores for the Pilot Study 

10 m ISWT Mdiff (m) (SDdiff)  
Group 95% CI (m) 

Limits of Agreement 
(Individual 95% CI) 

(m) 
LL UL LL UL 

ISWT 1 and 2 15 (30) -6 36 -53 83 

ISWT 1 and 3 20 (29) -1 41 -46 86 

ISWT 2 and 3 5 (17) -7 17 -33 43 

Note. Mdiff = mean difference; SDdif = standard deviation of the difference; CI = confidence 
interval; LL = lower limit; UL = upper limit. 

For the individual, a change of at least 84 m from the first to the second walk test and 

87 m between the first and the third walk test would be required as an indication of 
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real change, over and above measurement error with 95% confidence. A change of 

44 m would be required as an indication of real change, over and above measurement 

error with 95% confidence, in an individual prior to attending cardiac rehabilitation 

between the second and third 10 m ISWT, with the first test considered a practice test.  

Bland Altman plots for all combinations of pairs of walks are presented in Figure 3.2. 

Figure 3.2A and 3.2B shows a participant with a difference in distance walked outside 

the upper limit of the limits of agreement. This participant was a 62-year-old 

overweight woman who was 36 days post coronary artery graft surgery. The 

participant completed 480 m in ISWT 1, 560 m in ISWT 2 and 570 m in ISWT 3.  

The results of the pilot study demonstrated no significant difference between the three 

10 m ISWTs, good relative reliability for all combinations of 10 m ISWTs, and 

acceptable measurement error. It was decided that the main study would investigate 

the test retest reliability of the 10 m ISWT when two tests are completed in a single 

session in a larger sample.  
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3.4.3 10 m ISWT distance.  

For the sample (n = 62), the mean distance walked improved by 17 m (SD 18) over 

the two walks. Participants (n = 62) walked a mean distance of 378 m (SD 173) for 

ISWT 1 and 395 m (SD 176) for ISWT 2. This difference was statistically significant 

(t(61) = 7.613 p = <.001). The distance walked in ISWT 1 ranged from 30 to 760 m and 

in ISWT 2 from 30 to 790 m.  

Forty-seven of the 62 participants walked further in ISWT 2 compared with ISWT 1, 

with a mean increase of 23 m. Eleven participants walked the same distance in 

ISWT 1 and ISWT 2. Four participants walked a shorter distance in ISWT 2 

compared with ISWT 1, with a mean decrease of 15 m. 

3.4.4 Relative test retest reliability. 

For the sample (n = 62) good relative retest reliability was shown for ISWT 1 and 

ISWT 2 for both consistency and absolute agreement. The two-way mixed effects 

ICCconsistency was .995, 95% CI [.992, .997]. The two-way mixed effects ICCagreement 

was .990, 95% CI [.928, .997].  
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3.4.5 Measurement error. 

3.4.5.1 Measurement error individual score. 

The SEMconsistency was 12 m or 3% of the grand mean. When the test retest variability 

was included in the measurement error the SEMagreement was 17 m or 4% of the grand 

mean.  

3.4.5.2 Measurement error change scores. 

For the group, a change of at least 23 m would be required as an indication of real 

change, over and above measurement error with 95% confidence, between the first 

and second walk test (Table 3.6). For the individual in this population, a change of at 

least 54 m from the first to the second walk test would be required as an indication of 

real change, over and above measurement error with 95% confidence (Table 3.6).  

Table 3.6 

Summary of Measurement Error for the Change Scores 

10 m ISWT  Mdiff (m) (SDdiff)  
Group 95% CI (m) 

Limits of Agreement 
(Individual 95% CI) 

(m) 
LL UL LL UL 

ISWT 1 and 2 17 (18) 12 22 -19 53 

Note. Mdiff = mean difference; SDdif = standard deviation of the difference; CI = confidence 
interval; LL = lower limit; UL = upper limit. 

A Bland Altman plot for the sample is presented in Figure 3.3. There was one 

participant with a difference in distance walked outside the upper limit of the limits of 

agreement. The characteristics of this participant was described in 3.4.2.  
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Figure 3.3. Bland Altman plot of the distance walked (m) in the two 10 m ISWTs 
completed in the main study.  

Key. x-axis is the mean score; y-axis the absolute difference; unbroken line = mean 
difference; broken line is the limits of agreement calculated by 1.96 × . 

3.5 Discussion 

The purpose of this study was to assess the evidence for retest reliability of the 10 m 

ISWT as a measure of physical fitness and functional capacity in a mixed cardiac 

rehabilitation population.  

The pilot study results suggested there was little difference in relative reliability and 

measurement error between the first and second test and the first and third test. This 

indicated that little additional clinical information or improvements in reliability were 

gained by completing the third test. The SEMagreement for the first and second walk was 
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23 m and for the first and third walk was 24 m, both approximately 6% of the grand 

mean. The group 95% confidence intervals indicated a group would need to improve 

by 37 m between the first and second walk and by 42 m between the first and third 

walk for true change above measurement error. For the individual, an improvement of 

84 m and 87 m between the first and second and first and third walks respectively to 

be 95% confident of true change above measurement error. This supports the notion 

that the third test is unnecessary.  

The main study investigated the absolute and relative reliability of two 10 m ISWTs 

completed in a single session in a larger sample. The main study supported the 

reliability of the 10 m ISWT in cardiac rehabilitation population. However, further to 

the pilot study, the main study provided evidence that the addition of the second test 

may not be clinically relevant and one test may be sufficient for adequate test retest 

reliability in a cardiac rehabilitation population. The relative reliability expressed as 

the ICC was at least .99 between the first and second walk in the main study. The 

SEMagreement was 17 m or 4% of the grand mean and the 95% confidence intervals 

suggest the group would need to improve by 23 m and the individual by 54 m to be 

confident of true change over and above measurement error.  

The results of the main study indicated there was a statistically significant difference 

between the distance walked between the first and the second walk. The mean 

difference was 17 m. This statistical significance is likely to be a result of the larger 

sample size, but the magnitude of the difference is unlikely to be clinically significant. 

There was very little difference between both the ICCagreement and ICCconsistency scores 

and the SEMagreement and SEMconsistency scores, reflecting the very small amount of 

systematic change seen between the first and second walk in the main study. While 
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there was a statistical difference in the distance walked between the first and second 

walk of the main study, the results are unlikely to be clinically important and do not 

affect the reliability of the test.  

Two studies have reported group improvements of more than 58 m following a six-

week intervention (Fowler et al., 2005; Robinson, Samani, & Singh, 2011). Both 

studies reported at least one practice 10 m ISWT in the initial baseline testing, but no 

practice test at follow-up, after the intervention. The results presented in this chapter 

suggest that a single 10 m ISWT is sufficiently reliable to detect this amount of 

typical change observed after a short cardiac rehabilitation intervention, and for that 

change to be interpreted as real change over and above measurement error both for 

individuals and in the evaluation of group programs.  

The results suggest that the 10 m ISWT has a higher level of retest reliability 

compared with the 6MWT. The results of Chapter 2 showed measurement error of the 

6MWT remained high even between the second and third test. For the 6MWT, when a 

practice walk was included an improvement of 45 m for the group and 96 m for the 

individual was required to overcome measurement error with 95% confidence. While 

in this chapter, when a practice walk was included, the distance walked in the 10 m 

ISWT would need to improve by 18 m for the group, and 44 m for the individual to be 

95% confident of real change. If no practice walk was included, the group would need 

to improve by 23 m and the individual by 54 m to be 95% confident of real change. 

The research presented in this chapter demonstrates the support for the retest 

reliability of the 10 m ISWT when a single test is performed.  
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3.5.1 Implications. 

The 10 m ISWT is safe and feasible when used as a field exercise test in a mixed 

outpatient cardiac rehabilitation population. The results of this chapter indicate good 

retest reliability of the 10 m ISWT when a single 10 m ISWT was performed and 

slightly better scores for retest reliability when two tests were completed with the first 

regarded as a practice test. It appears that the benefits to retest reliability when a 

second test is performed may not be clinically important. The choice of completing 

one or two tests may be left to the clinician or researcher to balance the retest 

reliability with the time taken to complete a second test. The pilot study results 

suggested that there was little difference in relative reliability and measurement error 

between the first and second test and the first and third test, indicating that no 

additional clinical information or improvements in reliability are gained by 

completing more than one practice test. The externally paced and incremental 10 m 

ISWT appears to have better retest reliability than the self-paced 6MWT in this 

population. The following empirical studies presented in this thesis will focus on the 

validity and interpretation of the 10 m ISWT rather than the 6MWT.  
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Chapter 4: Criterion Validity of the 10 m ISWT in Cardiac Rehabilitation 

4.1 Chapter Aims 

This study addressed secondary research aim 6 of this thesis, specifically to determine 

the evidence for criterion validity of the 10 m ISWT in a mixed cardiac rehabilitation 

population. To do this, a study of the association between the outcomes of the 10 m 

ISWT and a symptom-limited exercise test was completed. Participants completed a 

multistage treadmill exercise stress test using the Bruce Protocol in a cardiology 

laboratory and within a one-week period also completed two 10 m ISWTs in a single 

session, with the order randomised. The main outcome measure was distance walked 

and test time, the secondary outcome measures were maximum heart rate, and rate 

pressure product and oxygen saturation. 

4.2 Introduction 

Chapter 3 reported research that demonstrated the 10 m ISWT was highly reliable in a 

mixed cardiac rehabilitation population when either a single test was performed or 

two tests, with the first regarded as a practice test. The 10 m ISWT has been described 

in detail in Chapter 1, Section 1.4.2.2. The test outcomes provide objective measures 

that can be used to make inferences about physical fitness and functional capacity 

(Solway, Brooks, Lacasse, & Thomas, 2001). Unlike the symptom-limited exercise 

test, the 10 m ISWT is not generally used as a diagnostic tool or prognostic tool 

(Rasekaba et al., 2009).  
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The gold standard for measuring physical fitness and functional capacity of patients 

with cardiac disease are the symptom-limited exercise test with ECG monitoring or 

the cardiopulmonary exercise test (American College of Sports Medicine, 2010b, p. 

111; Balady et al., 2007; Palange et al., 2007; Piepoli et al., 2010; Thompson, Arena, 

Riebe, & Pescatello, 2013). Despite these recommendations, it is not always possible 

to complete a laboratory test at entry and exit to a cardiac rehabilitation program 

(Simms et al., 2007). Field exercise tests, including the 6MWT and 10 m ISWT may 

be a suitable alternative for the entry assessment (Taylor, Bell, & Lough, 2010). 

These alternatives for exercise testing have been included in national guidelines for 

cardiac rehabilitation programs in Australia, New Zealand and throughout the UK 

(Goble & Worcester, 1999; New Zealand Guidelines Group & Heart Foundation, 

2002; Price et al., 2016). The predictive function of the 10 m ISWT is unknown.  

The investigation of criterion validity, or the degree to which outcome measures of 

the 10 m ISWT are associated with outcome measures of a gold standard (Mokkink et 

al., 2010c) in cardiac rehabilitation populations, has been reported for patients with 

chronic heart failure (Green et al., 2001; Lewis et al., 2001; Morales et al., 1999; Pulz 

et al., 2008), coronary artery bypass surgery (Fowler et al., 2005), and elderly stable 

coronary artery disease patients (Mandic, Walker, et al., 2013). All followed the 

protocol described by Singh et al. (1992) for the 10 m ISWT. All compared the 10 m 

ISWT distance walked, number of shuttles, or peak 10 m ISWT speed with the peak 

oxygen consumption during a symptom-limited exercise test; with moderate to high 

correlations (.72≤ r ≤.87) and 52% to 76% of the variation in the criterion measure 

predicted from the 10 m ISWT distance or number of shuttles walked (Fowler et al., 
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2005; Green et al., 2013; Lewis et al., 2001; Mandic, Walker, et al., 2013; Pulz et al., 

2008). 

There is limited published research comparing other functional outcome measures 

from a symptom-limited exercise test with the 10 m ISWT. Measuring oxygen 

consumption is not always possible in cardiology laboratories. The associated costs of 

staff, equipment outlay and equipment maintenance are often prohibitive (Chatterjee, 

Sengupta, Nag, Kumar, & Rudra, 2013). Functional outcomes of a stress test include 

duration, maximal heart rate and blood pressure, oxygen saturation, symptoms and 

limiting factors, and ECG changes. These functional measures are commonly reported 

in patient referrals to cardiac rehabilitation and where maximal exertion was attained, 

these functional outcome measures have been considered as useful as oxygen 

consumption (Bruce, Blackmon, Jones, & Strait, 1963; Bruce & Hornsten, 1969). 

The association between the 10 m ISWT and functional outcome measures of 

symptom-limited exercise tests in patients with chronic heart failure has been reported 

to be moderate, with between 29% and 46% of the variation in the maximum heart 

rate of the symptom-limited exercise test able to be predicted from variation in peak 

heart rate in the 10 m ISWT (Green et al., 2001; Lewis et al., 2001; Mandic, Walker, 

et al., 2013; Morales et al., 1999; Pulz et al., 2008). There is no information on the 

association, specifically the concurrent validity or the predictive validity, of the 

functional outcomes of the 10 m ISWT in a mixed cardiac rehabilitation population.  

The aim of this research was to determine the evidence for concurrent criterion 

validity of the 10 m ISWT as an objective measure of physical fitness and functional 

capacity in cardiac rehabilitation. This study aimed to determine first, if those who 
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perform well on a symptom-limited exercise test also perform well on the 10 m 

ISWT, and if functional variables such as peak exercise heart rate and exercise time 

achieved on the symptom-limited exercise test are associated with equivalent 

outcomes on the 10 m ISWT; and second, if the 10 m ISWT distance could predict the 

symptom-limited exercise test time. 

4.3 Method 

4.3.1 Ethics approval and consent. 

Ethics approval was granted by La Trobe University, University Human Ethics 

Committee (reference number 10-082), and St John of God Health Care Human 

Research Ethics Committee (reference number 438) (see Appendix 2). All 

participants enrolled in the investigation read and signed a Participant Information 

and Consent Form that was approved by the relevant ethics committees (see Appendix 

3). 

4.3.2 Participants. 

4.3.2.1 Eligibility criteria for participants. 

All adults with stable and treated heart disease, irrespective of severity or duration of 

the condition, who were referred to complete a treadmill symptom-limited exercise 

test as part of a stress echocardiogram investigation in the cardiology department, 

were eligible to participate in this study. This included those adults with acute 

coronary syndrome, stable angina pectoris, following revascularisation procedures 
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including coronary artery bypass graft surgery or percutaneous transluminal coronary 

angioplasty or coronary artery stent; coronary artery disease as diagnosed by 

angiography, heart valve surgery, chronic heart failure; heart transplantation; 

following cardiac resynchronisation therapy; or implantable cardioverter defibrillator. 

Participants were excluded if they had any condition where exercise would be 

contraindicated, if they were unable to walk for any neurological or musculoskeletal 

reason, or completed a symptom-limited exercise using a protocol other than the 

Bruce protocol. Participants were also excluded if they were diagnosed with 

cardiovascular risk factors in the absence of diagnosed cardiovascular disease, with 

congenital heart disease, were children or pregnant, were required to cease their usual 

cardiac medications for the symptom-limited exercise test. Participants who had 

previously completed a 10 m ISWT or had any condition where a symptom-limited 

exercise test would be an absolute or relative contraindication (Fletcher et al., 2001) 

were also excluded. In addition, participants were excluded if limitations in English 

language production or comprehension skills precluded them from understanding the 

consent form.  

4.3.2.2 Recruitment procedures. 

A consecutive series of patients referred to the cardiology centre of a regional hospital 

for a symptom-limited exercise test who met the eligibility criteria of the study were 

invited to participate by the manager of the centre. Referrals for patients were 

received from three local cardiologists. The manager of the department provided the 

initial screen to determine eligibility. Recruitment began in June 2014 and finished in 

July 2014. 
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4.3.2.3 Allocation of participants to groups. 

After providing consent, 15 participants were randomly allocated by an independent 

staff member to one of two groups, labelled Group A and Group B, representing two 

different testing protocols. Group A completed the symptom-limited exercise test first 

and the two 10 m ISWTs within one week. Group B first completed the two 10 m 

ISWTs in a single session and then the symptom-limited exercise test within one 

week. The sequence of allocation to either Group A or Group B was determined 

according to a random numbers generator using a concealed method. The sequence 

was generated using the Website, randomization.com, using permuted blocks of four 

(Dallal, 2008).  

4.3.2.4 Sample size. 

Sample size estimates were completed according to the method described by Howell 

(Howell, 2012, p. 258). The following formula was used:  

= ( ) + 1 

Where n is the sample size; δ is a constant and for a power of .80 equals 2.8; and , 

an estimate of the correlation in the population, was based on the minimum 

correlation of .75 which was defined as the lower limit of a strong correlation 

(Portney & Watkins, 2000, p. 565) and greater than a suggested minimal acceptable 

correlation of .70 (Terwee et al., 2007). Based on this formula, the recommended 

sample size estimate was 15 for concurrent criterion validity. 
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Recommendations for the sample size for prediction equations vary from five to 10 

cases per independent variable (Norman & Streiner, 2008, p. 157) to 50 cases per 

independent variable (Tabachnick & Fidell, 2007, p. 123). Based on this, the sample 

size estimate of 15 will be used to explore the evidence for the predictive criterion 

validity of the 10 m ISWT in patients with cardiac disease.  

4.3.3 Procedure. 

4.3.3.1 Baseline demographic information. 

Baseline demographic information was collected during the initial assessment and 

included age, date of birth, gender, height, weight, BMI, cardiac diagnosis and 

intervention, cardiac signs and symptoms, cardiac medications, relevant medical 

history and other relevant medications, usual exercise tolerance, mobility and use of 

gait aid. This information along with the date and time of assessment were recorded 

on a data-recording sheet (see Appendix 4). From the data-recording sheet, BMI was 

calculated as per the description in Chapter 2, Section 2.3.3.1. 

4.3.3.2 Outcome measure: symptom-limited exercise test. 

Participants completed their symptom-limited exercise test, as part of a stress 

echocardiogram, under the supervision of a medical doctor and followed the usual 

practice guidelines for the clinic. The symptom-limited exercise test was administered 

according to the Bruce protocol (Bruce et al., 1973) also described in Chapter 1, 

Section 1.4.1. The test was completed in a cardiology laboratory with temperature and 

humidity control. The motorised treadmill was capable of speeds up to 20 km/hr and 
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an incline greater than 22%. For safety, the treadmill had a front rail, two side rails 

and an emergency stop button.  

Prior to commencing the test, each participant rested for a minimum of 30 minutes. A 

resting supine ECG was performed. Limb electrodes were then moved to the torso, 

and a modified limb lead supine ECG was performed and compared with the standard 

ECG. Blood pressure was also taken prior to commencing the exercise test. 

Standardised instructions were given to the patient including instruction on the safe 

and correct use of the treadmill. The test continued until the end, or terminated if there 

were any significant ECG changes, a reduction in blood pressure with increasing 

workload, unreasonable hypertension, onset of angina or increasing angina, patient 

reporting symptoms of distress or dizziness, excessive shortness of breath or 

claudication, or changes in general appearance. 

For monitoring and safety, blood pressure was recorded once during every stage of 

the Bruce protocol. Continuous monitoring of anterior, lateral, and inferior 

myocardial zones occurred through a three lead ECG and at the end of each minute of 

exercise a 12 lead ECG. Participants were instructed to inform the supervising 

medical doctor of any symptoms that developed through the test. At completion of the 

test, blood pressure, a 12 lead ECG recording and peak rating of perceived exertion 

were recorded, followed by an echocardiogram.  

The primary outcome measure used for comparison with the 10 m ISWT was the 

duration of the symptom-limited exercise test. Secondary outcome measures used 

were peak exercise heart rate, oxygen saturation measured via pulse oximetry and rate 

pressure product calculated by the formula:  
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  =  ℎ   ×     

Rate pressure product provides information on the work of the myocardium (May & 

Nagle, 1984) and myocardial oxygen consumption (Gobel, Nordstrom, Nelson, 

Jorgensen, & Wang, 1978).  

4.3.3.3 Outcome measure: 10 m ISWT. 

The procedure for the 10 m ISWT was completed as per the description in Chapter 3, 

Section 3.3.3.2. The results of Chapter 3 indicated that the retest reliability of 10 m 

ISWT was supported with an ICCconsistency of .99 in a cardiac rehabilitation population.  

The information from the testing of the 10 m ISWT was recorded on the data-

recording sheet (see Appendix 4). The primary outcome measure used was the 

distance walked calculated from the number of completed shuttles, and the secondary 

outcome measures were peak heart rate, oxygen saturation and the rate pressure 

product.  

4.3.4 Statistical methods. 

Data were analysed using the statistical package for the social sciences (Version 22, 

IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp). Where 

relevant, means were expressed followed by standard deviation. In the case of missing 

values, data were not imputed. The significance level was set at a two tailed p < 0.05. 

After checking for any series effects due to the order of testing using a mixed plot 

two-way ANOVA, the groups were combined for testing of criterion validity. 
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4.3.4.1 Concurrent criterion validity of the 10 m ISWT. 

The strength of the relationship between the symptom-limited exercise test and the 

two trials of the 10 m ISWT for all primary and secondary outcome measures was 

assessed with the Pearson’s product-moment correlation coefficient (r) with 95% 

confidence intervals. The 95% confidence intervals for the Pearson’s product-moment 

correlation coefficient were calculated using the process described by Glass and 

Hopkins (1996, p. 357) using Fisher r to Z transformation. The correlation coefficient 

was interpreted with the following guidelines: strong, a correlation greater than 0.75, 

moderate between 0.50 and 0.75 and weak less than 0.5 (Portney & Watkins, 2000, p. 

565). The significance level was set at a two tailed p < 0.05. Terwee et al. (2007) in 

their recommendation of evaluating criterion validity, interpret a reasonable 

correlation score as at least .70.  

Bland Altman plots graphically displayed the concurrent criterion-related validity of 

the 10 m ISWT. The limits of agreement were defined as the mean difference ± 2 

standard deviations.  

The variation in the symptom-limited exercise test explained by the 10 m ISWT was 

summarised by the coefficient of determination (r2) (Portney & Watkins, 2009, p. 

551). The proportion of the variation in the symptom-limited exercise test not 

explained by the 10 m ISWT was calculated using 1 − . This was calculated for all 

primary and secondary outcome measures.  
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4.3.4.2 Predictive criterion validity of the 10 m ISWT. 

Predictive criterion validity of the 10 m ISWT was explored using standard error of 

estimate and linear regression with 95% confidence intervals for the slope (b) for the 

10 m ISWT distance and the symptom-limited exercise test duration. Confidence 

intervals were calculated around the regression equation for the group and individual. 

The relationship was also demonstrated visually, using scatterplots.  

The standard error of estimate was calculated for all primary and secondary outcome 

measures (Altman & Gardner, 2000, p. 91; Portney & Watkins, 2009, p. 552). A 

higher standard error of estimate represents greater variability around the regression 

line and therefore greater error in the prediction of a regression equation. The standard 

error of estimate ( ∙ ) was calculated using the equation:  

∙ = (1 − )
( − 1)
( − 2)

 

Where SY is the standard deviation of the symptom-limited exercise test score, and r2 

the coefficient of determination (Howell, 2012, p. 269). 

Linear regression calculated values for the y intercept (a) and slope (b). The 95% 

confidence intervals for the slope were calculated according to Altman and Gardner 

(Altman & Gardner, 2000, p. 76). Confidence intervals for the intercept (a) were not 

calculated as previous researchers have reported the clinical interpretation to be 

meaningless (Altman & Gardner, 2000, p. 77). 
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The group and individual confidence intervals for the symptom-limited exercise test 

for a specific 10 m ISWT score were calculated (Altman & Gardner, 2000, p. 76; 

Howell, 2012, p. 275). Individual confidence limits are otherwise known as the 

prediction interval. The distances selected for the 10 m ISWT related to the distance 

walked at the completion of each level of the 10 m ISWT test. The formula and 

calculation are presented in Appendix 5.  

4.4 Results 

4.4.1 Characteristics of the sample. 

Twelve men and three women participated in this study with a mean age of 65 years 

(SD 8). The demographic characteristics of the participants are summarised in Table 

4.1. There were no statistically significant differences between Group A and Group B 

in terms of age, height, weight, BMI, and waist or hip circumference.  

4.4.2 Exercise test. 

All participants completed the symptom-limited exercise test and two 10 m ISWT on 

their usual medications within one week. The mean duration of the symptom-limited 

exercise test was 7.6 minutes (2.5), the duration ranged from four to 14 minutes. For 

the 10 m ISWTs, the distance walked in the first test was 522 m (216) and the second 

test 535 m (219). The distance ranged from 270 to 1020 m. The primary and 

secondary outcomes of the exercise tests are shown in Table 4.2. The mean difference 

between the first and second 10 m ISWT was 13 m (SDdiff 13) and this difference was 

statistically significant (t(14) = 3.839, p = .002).  
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Table 4.1 

Characteristics of the Sample 

Characteristics 
Group A 
(n = 7) 

Group B 
(n = 8) 

Sample 
(n = 15) 

Age 63 (7) 67 (8) 65 (8) 

Gender n Male:Female 5:2 7:1 12:3 

Intervention n (%)    

  Revascularisation Procedure  6 (86) 7 (87.5) 13 (87) 

  Medical management  1 (14) 1 (12.5) 2 (13) 

Height (cm) 174 (12) 174 (11) 174 (11) 

Weight (kg) 92 (24) 89 (16) 91 (19) 

BMI (kg/m2) 30 (6) 30 (5) 30 (5) 

BMI category n (%)    

  Underweight 0 0 0 

  Healthy 1 (14) 2 (25) 3 (20) 

  Overweight 2 (29) 1 (12.5) 3 (20) 

  Obese 3 (43) 5 (62.5) 8 (53) 

  Morbidly obese 1 (14) 0 1 (7) 

 

The one patient who completed all levels of the 10 m ISWT was a 57-year-old male, 

who had a percutaneous intervention. He had been attending cardiac rehabilitation for 

education only and within a month of his PCI, he had returned to his usual exercise 

activities, which included cycling more than 400 km in a week. He also achieved 14 

minutes on the Bruce Protocol.  

4.4.3 Between-group differences. 

There was no statistically significant difference between the duration of the symptom-

limited exercise test and ISWT 1 (t(14) = .733, p = .476) or the symptom-limited 

exercise test and ISWT 2 (t(14) = 1.114, p = .284) between groups A and B. 
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There were no interaction effects between the exercise test results and the order of the 

tests completed (F(2,26) = 1.283 p = .294). As there were no significant between-

group differences or interaction effects between the groups (Group A and Group B) it 

was decided that only data for the combined sample (n = 15) will be presented.  

4.4.4 Criterion validity results. 

4.4.4.1 The strength of the relationship between 10 m ISWT and 

symptom-limited exercise test. 

The association between the outcome measures for the symptom-limited exercise test 

and the 10 m ISWT are shown in Table 4.3. All correlations ranged from moderate to 

strong, with the correlation for the primary outcome measures ranging from .85 to .87 

between the ISWT distance and symptom-limited exercise test duration. The 

correlation values were similar for the symptom-limited exercise test and first 10 m 

ISWT, and symptom-limited exercise test and the second 10 m ISWT. 

The concurrent criterion-related validity of the 10 m ISWT against the symptom-

limited exercise test is shown graphically in Figure 4.1 using Bland Altman plots. For 

both the first and second 10 m ISWT agreement between the symptom-limited 

exercise test was satisfactory, with all scores falling within the limits of agreement. 
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Table 4.3 

Strength of the Relationship between the 10 m ISWT and the Symptom-Limited 

Exercise Test 

Relation between outcome measures  r 
95% CI 

LL UL 
Primary Outcome Measures    

  ISWT 1 distance and SLET duration .87  .63 .95 

  ISWT 1 duration and SLET duration .86 .62 .95 

  ISWT 2 distance and SLET duration .85  .59 .95 

  ISWT 2 duration and SLET duration .84 .57 .94 

Secondary Outcome Measures    

  ISWT 1 distance and SLET METs .80 .49 .93 

  ISWT 1 duration and SLET METs .80 .49 .93 

  ISWT 1 HR and SLET HR .70 .29 .89 

  ISWT 1 SpO2 and SLET SpO2 .82  .52 .94 

  ISWT 1 RPP and SLET RPP .71  .30 .89 

  ISWT 2 distance and SLET METs .78 .45 .92 

  ISWT 2 duration and SLET METs .77 .43 .92 

  ISWT 2 HR and SLET HR .79  .47 .93 

  ISWT 2 SpO2 and SLET SpO2 .68 .26 .89 

  ISWT 2 RPP and SLET RPP .71  .32 .90 

Note. r = Pearson’s product-moment correlation; CI = confidence interval; LL = lower limit; 
UL = upper limit; SLET = symptom-limited exercise test; METs = metabolic equivalent; HR 
= heart rate; SpO2 = oxygen saturation measured by pulse oximetry; RPP = rate pressure 
product calculated by the formula:  ℎ  ×    . 
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A 

  
B  

 
 
Figure 4.1. Bland Altman plots of the duration of the 10 m ISWT and the duration of the 
symptom-limited exercise test.  

Figure 4.1A presents results for ISWT 1 and 4.1B results for ISWT 2. Key: unbroken line = 
mean difference; broken lines = limits of agreement calculated by 1.96 × ; SLET = 
symptom limited exercise test; x-axis = the mean score; y-axis = the absolute difference. 
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4.4.4.2 The variation of the symptom-limited exercise test score 

predicted by the 10 m ISWT score. 

The results for coefficient of determination for all outcome measures are summarised 

in Table 4.4. The coefficient of determination ranged from .72 to .75 for the distance 

walked in the first or second 10 m ISWT and the duration of the symptom-limited 

exercise test. Meaning that up to 75% of the variation in the symptom-limited exercise 

test duration could be explained by the 10 m ISWT distance and that between 25 and 

28% of the variance in the symptom-limited exercise test duration was not explained 

by the relationship between the 10 m ISWT distance. 

Table 4.4 

Coefficient of Variation for Primary and Secondary Outcome Measures for the 10 m 

ISWT and the Symptom-Limited Exercise Test 

Relation between outcome measures r2 1-r2 
Primary Outcome Measures   

  SLET duration and ISWT 1 distance  .75 .25 

  SLET duration and ISWT 1 duration  .74 .26 

  SLET duration and ISWT 2 distance  .72 .28 

  SLET duration and ISWT 2 duration  .70 .30 

Secondary Outcome Measures   

  SLET HR and ISWT 1 HR  .49 .51 

  SLET HR and ISWT 2 HR  .63 .37 

  SLET SpO2 and ISWT 1 SpO2  .67 .33 

  SLET SpO2 and ISWT 2 SpO2  .47 .53 

  SLET RPP and ISWT 1 RPP  .50 .50 

  SLET RPP and ISWT 2 RPP  .51 .49 

Note. r2 = coefficient of determination; SLET = symptom-limited exercise test; HR = heart 
rate; SpO2 = oxygen saturation measured by pulse oximetry; RPP = rate pressure product 
calculated by the formula:  ℎ  ×    . 



 

110 

4.4.4.3 Modelling the accuracy of prediction of the symptom-

limited exercise test duration by the 10 m ISWT distance. 

The standard error of estimate (syx) was calculated for each of the primary and 

secondary outcomes (Table 4.5). Also presented in Table 4.5 are the results for the 

linear regression equations, specifically the intercept (a) and slope (b) with 95% 

confidence intervals for the primary and secondary outcome measures. For the slope 

(b), none of the 95% confidence intervals crossed zero. 

Using the distance walked in the first 10 m ISWT, the linear equation to predict the 

duration of the symptom-limited exercise test was:  

 = 2.43 + (0.01 ×  1 ) 

Where r = .87, 95% CI [.63, .95], standard estimate of error of 1.3. 

Using the distance walked in the second 10 m ISWT, the linear equation to predict the 

duration of the symptom-limited exercise test was:  

 = 2.48 + (0.01 ×  2 ) 

Where r = .85, 95% CI [.59, .95], standard estimate of error of 1.4 

The linear relationship between the symptom-limited exercise test duration and first 

and second 10 m ISWT distance are displayed using scatter plots in Figure 4.2. 
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A 

 
B 

 
Figure 4.2. The linear relationship between the 10 m ISWT distance (m) and the symptom-
limited exercise test duration is plotted with individual 95% confidence limits.  

In Figure 4.2A a linear relationship of r2 = .75 was observed. In Figure 4.2B a linear 
relationship of r2 = .72 was observed. 
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4.4.4.3.1 Confidence limits for the symptom-limited exercise test 

The predicted symptom-limited exercise test duration with group and individual 

confidence limits were calculated for the distance walked in the first and second 10 m 

ISWT are shown in Table 4.6 and 4.7, respectively. For example, for an individual 

who completed all 12 levels of the first 10 m ISWT (i.e., walked 1020m) could be 

predicted, with 95% confidence, to complete between 9.2 and 16.0 minutes of the 

symptom-limited exercise test when a Bruce protocol is followed. The predicted 

symptom-limited exercise test duration was similar for ISWT 1 and ISWT 2. 

Table 4.6 

Prediction of Symptom-Limited Exercise Test Duration from the First 10 m ISWT 

10 m ISWT 
distance (m) 

Estimated 
SLET 

duration 
(mins) 

 
95% CIgroup 95% CIIndividual 

LL UL LL UL 
0 2.4 0.5 4.3 0 5.8 

30 2.7 .9 4.5 0 6.0 

70 3.1 1.4 4.8 0 6.4 

120 3.6 2.0 5.2 0.4 6.8 

180 4.2 2.8 5.6 1.1 7.3 

250 4.9 3.7 6.1 1.9 7.9 

330 5.7 4.7 6.7 2.7 8.7 

420 6.6 5.8 7.4 3.7 9.5 

520 7.6 6.9  8.3 4.7 10.5 

630 8.7 7.9 9.5 5.8 11.6 

750 9.9 8.9 11.0 6.9 12.9 

880 11.2 9.8 12.6 8.1 14.3 

1020 12.6 10.7 14.5 9.2 16.0 

Note. SLET = symptom-limited exercise test; CI = confidence interval; LL = lower limit; UL 
= upper limit. If lower limit (LL) confidence interval was calculated as < 0 it was denoted as 
0.  
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Table 4.7 

Prediction of Symptom-Limited Exercise Test Duration from the Second 10 m ISWT 

Distance 

10 m ISWT 
distance (m) 

Estimated 
SLET 

duration 
(mins) 

 
95% CIgroup 95% CIIndividual 

LL UL LL IL 
0 2.5 0.4 4.6 0 6.2 

30 2.8 0.8 4.8 0 6.4 

70 3.2 1.3 5.1 0 6.7 

120 3.7 2.0 5.4 0.2 7.2 

180 4.3 2.8 5.9 0.9 7.7 

250 5.0 3.7 6.3 1.7 8.3 

330 5.8 4.7 6.9 2.6 9.0 

420 6.7 5.8 7.6 3.6 9.8 

520 7.7 6.9 8.5 4.6 10.8 

630 8.8 8.0 9.6 5.7 11.9 

750 10.0 8.9 11.1 6.8 13.2 

880 11.3 9.8 12.8 8.0 14.6 

1020 12.7 10.8 14.6 9.1 16.3 

Note. SLET = symptom-limited exercise test; CI = confidence interval; LL = lower limit; UL 
= upper limit. If lower limit (LL) confidence interval was calculated as < 0 it was denoted as 
0.  

4.5 Discussion 

The purpose of this study was to determine the evidence for criterion validity of the 

10 m ISWT as a measure of physical fitness and functional capacity in a mixed 

cardiac rehabilitation population. Methods assessed both the concurrent criterion 

validity and the predictive criterion validity of the 10 m ISWT to determine if the 

10 m ISWT could be used as a reasonable surrogate for the symptom-limited exercise 

test in terms of being an objective measure of physical fitness and functional capacity 

The results supported the concurrent criterion validity of the 10 m ISWT as a measure 
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of physical fitness and functional capacity in cardiac rehabilitation when one or two 

tests were performed. This study provided evidence of a strong correlation between 

the duration of the symptom-limited exercise test and the distance walked in the 10 m 

ISWT (r = .85 to .87). These results were supported by the Bland Altman plots 

showing agreement between the duration of the symptom-limited exercise test and 

duration of the 10 m ISWT. The index of reliability, in other words the estimated 

maximum correlation was .88 (Lord & Novick, 1968, p. 72), based on the reported 

correlation for the symptom-limited exercise test (r = .87) and the 10 m ISWT 

(ICCconsistency = .99). The results supported the concurrent criterion validity of the 

10 m ISWT, and demonstrated that the two exercise tests showed consistency in 

ranking patients according to physical fitness and functional capacity. The results did 

not improve when a second 10 m ISWT was performed, which further reinforced the 

findings of Chapter 3, that a single walk test may be sufficient in this population.  

The correlations reported in the current study were stronger than previously published 

correlations between symptom-limited exercise test duration and 10 m ISWT distance 

that ranged from .54 to .68 in patients with chronic heart failure (Green et al., 2001; 

Lewis et al., 2001; Pulz et al., 2008). Additionally, the current study reported 

correlations ranging from .69 to .79 for peak heart rate achieved in symptom-limited 

exercise test and 10 m ISWT, compared with earlier reports of weak to moderate 

associations (Green et al., 2001; Lewis et al., 2001; Morales et al., 1999). The current 

study used the Bruce protocol for the symptom-limited exercise test, whereas the 

three earlier studies used alternative protocols. Differences in the patient population 

may also account for differences in associations. The inclusion criteria for this study 

included any ambulant participant with treated and stable heart disease. In 
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comparison, the previous three studies used more homogenous groups of patients with 

heart failure. It is possible that patients with chronic heart failure respond differently 

to the demands of an incremental exercise test compared with the participants in this 

study. The current study provides evidence that the 10 m ISWT measures the same 

construct as the symptom-limited exercise test and may have sufficient concurrent 

criterion validity to provide an objective measure of physical fitness and functional 

capacity for patients with treated and stable heart disease attending cardiac 

rehabilitation. 

In the current study, the 10 m ISWT mean distances walked were 522 m (SD 216) and 

535 m (SD 219), greater than the previously reported studies that ranged from 401 m 

(SD 147) (Lewis et al., 2001) to 497 m (SD 60) (Green et al., 2001). The better 

performance in the 10 m ISWT in this population may be due to the stage of recovery 

of the participants.  

The results do not support the predictive criterion validity of the 10 m ISWT in a 

mixed cardiac rehabilitation group when functional outcome measures such as 

distance walked and duration of the symptom-limited exercise test are used. This was 

the first study to present information on the accuracy of the predictive criterion 

validity of the 10 m ISWT. While a linear regression equation was presented, the 95% 

confidence intervals around the slope (b) were wide and made the equation difficult to 

interpret. In addition, the clinically relevant 95% confidence limits for individuals, or 

the prediction interval, remained wide. Making it difficult, in an individual, to predict 

with accuracy the duration of the Bruce protocol from the distance walked in the 10 m 

ISWT.  
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4.5.1 Limitations and future directions. 

The relatively wide individual confidence limits may be a result of the error 

contribution from both exercise tests. Repeating the 10 m ISWT did not reduce 

confidence intervals, and the effect of repeating the symptom-limited exercise test is 

unknown. Another possible contributing factor for the wide confidence limits may be 

the small sample size. Despite justification of the sample size, it was small compared 

with the recommendations included in the COSMIN checklist (Terwee et al., 2012). 

Future research could use the model presented in this chapter with an increase in the 

number of participants. An increase in the number of participants should provide a 

more stable regression equation and may reduce the 95% confidence intervals and 

prediction limits (Tabachnick & Fidell, 2007). Clinically, the ability to predict the 

symptom-limited exercise test duration based on the 10 m ISWT distance, or in 

reverse, to predict the 10 m ISWT distance based on the symptom-limited exercise 

test time is worth exploring as it provides an important means of translating meaning 

between the laboratory and the clinical environment. 

A larger sample size may be able to identify cut offs or thresholds in performance in 

the 10 m ISWT for people with cardiac disease. It would be clinically useful for a 

clinician to have available cut off points, for example, to identify when a patient needs 

a review by his or her cardiologist. 

While this study used a symptom-limited exercise test protocol, the Bruce protocol, 

which is considered a gold standard in exercise testing (Noonan & Dean, 2000), this 

study relied on functional outcome measures such as distance walked and duration of 

test, and not measurement of maximum oxygen consumption. Cardiopulmonary 
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exercise testing, with specific measurement of maximum oxygen consumption and 

other aerobic measures is not a practical option for patients with cardiac disease who 

live in non-metropolitan areas of Australia. In Bendigo, and the Loddon Mallee 

region, this service is not available to patients with cardiac disease and patients would 

need to travel at least 150 km to access these medical tests. Future research could 

include monitoring of maximum or peak oxygen consumption.  

4.5.2 Implications. 

The 10 m ISWT when compared with a symptom-limited exercise test is easy to 

implement, requires fewer resources, it does not require expensive equipment, and 

when used as an estimate for physical fitness and functional capacity, does not need a 

medical doctor to supervise and can be conducted within the cardiac rehabilitation 

environment without the need for referral. Based on these findings, the 10 m ISWT 

measures a similar construct (physical fitness and functional capacity) to the 

symptom-limited exercise test, and the two tests show consistency in ranking of 

participants in terms of physical fitness and functional capacity. However, in absolute 

terms, there is emerging evidence to suggest the 10 m ISWT cannot replace the 

symptom-limited exercise test. Specifically, using the regression equation generated 

from this small sample, the distance walked in the 10 m ISWT cannot be used to 

accurately predict individual functional performance on the symptom-limited exercise 

test. While the 10 m ISWT should not be aimed at replacing the symptom-limited 

exercise test, it may provide a suitable cost- and time-effective clinical alternative for 

patients attending cardiac rehabilitation.  
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Chapter 5: Construct Validity and Responsiveness of the 10 m ISWT in a 

Cardiac Rehabilitation Program 

5.1 Chapter Aims 

This study addressed the secondary research aims 7 and 8 of this thesis: first ,to 

determine the evidence for the construct validity of the 10 m ISWT in a cardiac 

rehabilitation population; and second, to determine the evidence for the 

responsiveness of the 10 m ISWT in a cardiac rehabilitation population. The evidence 

for construct validity and responsiveness were assessed using a-priori hypothesis tests 

to explore the association with common assessments used in cardiac rehabilitation. 

The framework and definitions provided by the COSMIN taxonomy (Mokkink et al., 

2010c) were followed. 

5.2 Introduction 

The results of Chapter 3 and 4 supported the retest reliability and the concurrent 

criterion validity of the 10 m ISWT as a measure of physical fitness and functional 

capacity in cardiac rehabilitation. Little is known about the associations between the 

distance walked in the 10 m ISWT and other functional outcome measures used in 

cardiac rehabilitation, such as alternative measures of physical fitness and functional 

capacity, health-related quality of life, self-efficacy, depression and measures of body 

composition. Furthermore, little is known about the responsiveness of the 10 m ISWT 

over a mixed outpatient cardiac rehabilitation program that includes a weekly-

supervised exercise program.  



 

120 

5.2.1 Evidence for the construct validity of the 10 m ISWT in a 

mixed cardiac rehabilitation program. 

Knowledge of the construct validity of the 10 m ISWT in cardiac rehabilitation is 

limited. Construct validity can be defined as the degree to which the 10 m ISWT 

measures the construct it is intended to measure, specifically physical fitness and 

functional capacity (Clark & Watson, 1995; Cronbach & Meehl, 1955; de Vet et al., 

2011, p. 169; Mokkink et al., 2010b; Streiner & Norman, 2008, p. 251). The 

recommended method of testing construct validity is with a-priori hypotheses 

(Cronbach & Meehl, 1955) that are specific and include the expected direction and 

magnitude of the correlation or difference (de Vet et al., 2011, p. 169; Mokkink et al., 

2010b, 2010c). The extent that predicted associations or differences between the 10 m 

ISWT results and other outcome measures are observed provides information on the 

construct validity (Mokkink et al., 2010c). It is recommended that to support the 

evidence for the construct validity of a test at least 75% of the hypotheses must be 

confirmed (Terwee et al., 2007). However, there are no standards for the number of 

hypotheses that need to be tested (Scholtes, Terwee, & Poolman, 2011), or the type of 

hypotheses such as those designed to test convergent, discriminant or known groups’ 

validity. No study was found that investigated the construct validity of the 10 m 

ISWT in cardiac rehabilitation using a range of specific a-priori hypotheses.  

Convergent construct validity of the 10 m ISWT reflects the extent to which the test 

correlates with other direct measures of physical fitness and functional capacity. 

Testing a-priori hypotheses relating to criterion validity can also be considered one 

type of convergent construct validity (Amireault & Godin, 2014). The available 

literature relating to the association of the 10 m ISWT with the gold standard has been 
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reported in Chapter 4. Chapter 4 also presented new evidence of a moderate to strong 

correlation ranging from .85 to .87 between the 10 m ISWT distance and the 

symptom-limited exercise test duration, demonstrating support for the concurrent 

criterion validity as well as the convergent construct validity of the 10 m ISWT.  

Higher levels of physical activity including self-reported physical activity habits, may 

be associated with better performance on the 10 m ISWT (Mandic, Hodge, et al., 

2013). A positive association between self-reported physical activity habits and the 

10 m ISWT distance in patients with coronary artery disease was demonstrated during 

a follow-up assessment that occurred an average of 1.6 years (SD 0.2) after the 

baseline assessment (r = .519, p = .002) (Mandic, Hodge, et al., 2013). No studies 

were found investigating the association between physical activity and 10 m ISWT 

test results at commencement of cardiac rehabilitation. Further research is needed to 

investigate the association between physical activity and performance in the 10 m 

ISWT at different stages of the rehabilitation process, such as the commencement of 

an outpatient cardiac rehabilitation program.  

Measures of physical fitness and functional capacity might be negatively associated 

with higher levels of adiposity or BMI. No study was found that directly measured the 

strength of the association between performance in the 10 m ISWT and adiposity such 

as BMI, waist circumference or waist-hip ratio in cardiac rehabilitation. In patients 

with cardiac disease, previous research has demonstrated a negative association 

between BMI and peak oxygen consumption on a treadmill symptom-limited exercise 

test (Ades et al., 2006; Horwich et al., 2001). However, in patients with chronic heart 

failure, no association was found between 6MWT performance and either BMI (-.13 ≤ 

r ≤ -.11) (Bajraktari et al., 2011; Forman et al., 2012) or waist hip ratio (r = .11) 
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(Bajraktari et al., 2011). This provides a rationale to hypothesise that there may be a 

negative association between the 10 m ISWT and measures of adiposity and body 

composition, but further investigation is required.  

It is possible that that there is a positive association between improved physical 

fitness or functional capacity and health-related quality of life (Stewart et al., 1994), 

but the existing research does not extend to the 10 m ISWT in cardiac rehabilitation. 

The Medical Outcomes Study 36-item short form (MOS SF-36) provides estimates of 

eight domains of health-related quality of life, including physical function and work-

related health limitations. The MOS SF-36 scale for Physical Function includes 10 

items where patients rate their capacity to perform physical activities without 

limitations due to health. The activities range from bathing and dressing to vigorous 

activity (Ware & Sherbourne, 1992). The MOS SF-36 scale for Role Physical 

includes four questions that measure difficulty completing work or other daily 

activities because of physical health (Ware & Sherbourne, 1992). Higher scores in 

these two scales may be indirectly related to higher levels of physical fitness and 

functional capacity in other adult populations (Ades, Maloney, Savage, & Carhart, 

1999; Anokye, Trueman, Green, Pavey, & Taylor, 2012; Bize, Johnson, & Plotnikoff, 

2007; Stewart et al., 1994; Stewart, King, & Haskell, 1993). On admission to cardiac 

rehabilitation, previous research has demonstrated that the 6MWT distance could 

explain up to 39% of the variance in the MOS SF-36 scale score for Physical 

Functioning (Hamilton & Haennel, 2000), and between 16 and 38% of the results of a 

treadmill symptom-limited exercise test (Ades et al., 1999; Ades et al., 2002; 

Brubaker, Witta, & Angelopoulos, 2003; Jette & Downing, 1996). No association 

between exercise test results and the MOS SF-36 scale score for Role Physical were 
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found (Quittan, Sturm, Wiesinger, Pacher, & Fialka-Moser, 1999). The association 

between the 10 m ISWT and the MOS SF-36 scale score for either Physical Function 

or Role Physical in cardiac rehabilitation is unknown. Considering results from 

previous studies, it is possible to hypothesise that there will be a weak to moderate 

association between the results of the 10 m ISWT and the MOS SF-36 scale score for 

Physical Function and at best, a weak association between the 10 m ISWT and the 

MOS SF-36 scale score for Role Physical. 

The association between the 10 m ISWT and the remaining seven scales scores of the 

MOS SF-36 is unknown. The association between exercise test results and the 

remaining MOS SF-36 scale scores are unlikely to have the same strength as the 

Physical Function scale score of the MOS SF-36 as the scales address different 

constructs, such as pain and social functioning. Incremental treadmill and bicycle 

exercise test duration were found to explain up to 15% of the variance in the MOS 

SF-36 scale score of General Health in patients with cardiac disease (Beniamini, 

Rubensein, Zaichkowsky, & Crim, 1997; Quittan et al., 1999). Somewhat 

unexpectedly, an incremental bicycle exercise test was found to account for 42% of 

the variation in the German version of the MOS SF-36 scale score for Social 

Competence (Quittan et al., 1999), possibly reflecting an indirect association between 

reduced physical fitness and functional capacity and reduced social functioning and 

interaction with others. In the same study, the association between the exercise test 

results and the remaining MOS SF-36 scale scores were small and non-significant 

(Quittan et al., 1999). Further research is needed to explore the strength of the 

association, if any, between the remaining six MOS SF-36 scales and the 10 m ISWT. 

Given that the remaining scales are not measures of physical fitness or functional 
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capacity, it could be hypothesised that there will be no significant associations 

between the 10 m ISWT outcomes and the remaining six MOS SF-36 scale scores.  

Self-efficacy, a cognitive construct, is an important determinant of adherence to 

physical activity in cardiac rehabilitation (Luszczynska & Sutton, 2006; Meland, 

Maeland, & Laerum, 1999; Woodgate & Brawley, 2008). In cardiac rehabilitation, the 

associations between self-efficacy and physical fitness and functional capacity 

measured by a field exercise test are not well understood. No study was found 

investigating the association between self-efficacy and the 10 m ISWT. Everett, 

Salamonson, and Davidson (2009) found a significant difference in mean 6MWT 

distance and exercise self-efficacy scores in participants commencing an outpatient 

cardiac rehabilitation program, with participants who walked more than 500 m in the 

6MWT scoring significantly higher on the exercise self-efficacy questionnaire than 

those who walked less than 400 m in the 6MWT. Another study reported that the 

association between the exercise tolerance self-efficacy expectation scale score and an 

treadmill symptom-limited exercise test outcomes at commencement and completion 

of cardiac rehabilitation was .39 to .66 (p < .05) (Cheng & Boey, 2002). It could be 

hypothesised that there would be a similar association between the 10 m ISWT 

outcome and the self-efficacy scores, but further research is needed in this area.  

The impact of depression or depressive symptoms on exercise test results is unclear. 

No studies were found investigating the association between depression or depressive 

symptoms and performance in the 10 m ISWT. Reports in the literature have 

compared treadmill symptom-limited exercise test results in groups of patients with 

and without depression or depressive symptoms and results are varied. Some have 

reported that there is no significant difference in treadmill symptom-limited exercise 
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test results for patients in cardiac rehabilitation with depression or depressive-related 

symptoms versus those without depressive-symptoms (Hamm et al., 2004; Milani, 

Lavie, & Cassidy, 1996). Whereas others have reported that those with depression or 

depressive-symptoms have significantly lower scores on a symptom-limited exercise 

test in patients with chronic heart failure (Milani & Lavie, 1998) and coronary heart 

disease (Ruo, Rumsfeld, Pipkin, & Whooley, 2004). Ruo et al. (2004) recruited 944 

participants, of whom more than half had a diagnosis of a myocardial infarction at 

least six months prior to commencing the study. It is possible that the presence of 

depression or depressive-symptoms acts as a modifier to exercise test results in the 

long term. However, the effect of depression or depressive-symptoms as a modifier 

may not be present in the pre-program cardiac rehabilitation assessment of patients 

following an acute event (Shen, McCreary, & Myers, 2004). It is possible that there 

will not be an association between the 10 m ISWT outcome and depression in pre-

program assessment, and the effects of depression as a modifier on the results of the 

10 m ISWT are only seen in patients who remain depressed across a cardiac 

rehabilitation program intervention. It is also possible that the depression scale used 

and the cut-off values selected to assign depressed or not depressed affect the results 

of the association with the 10 m ISWT. 

In summary, there is limited evidence to support the construct validity of the 10 m 

ISWT as a measure of physical fitness and functional capacity in a mixed cardiac 

rehabilitation population. The current evidence shows support that the 10 m ISWT is 

associated with self-reported physical activity during a long-term follow-up cardiac 

rehabilitation assessment and supports the hypothesis that there is a positive 

association between physical activity and the 10 m ISWT outcomes. The association 
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between the 10 m ISWT and measures of adiposity, health-related quality of life, self-

efficacy and depression in cardiac rehabilitation remain unknown. Previous research 

in related areas supports the development of hypotheses that there will be a negative 

association between the 10 m ISWT and measures of adiposity; a positive association 

between the 10 m ISWT and physical functioning areas of health-related quality of 

life and self-efficacy; and no significant associations between other areas of health-

related quality of life measures and depression or depressive symptoms reported at the 

commencement of cardiac rehabilitation. Future research should be aimed at testing 

these hypotheses and furthering our understanding of the 10 m ISWT as a measure of 

the construct of physical fitness and functional capacity. 

5.2.2 Responsiveness of the 10 m ISWT in an eight-week 

comprehensive cardiac rehabilitation program. 

The 10 m ISWT can be used to evaluate changes in physical fitness and functional 

capacity of an individual or group who have completed a cardiac rehabilitation 

program. Responsiveness measures the degree to which the 10 m ISWT change score 

accurately reflects the change in the construct of physical fitness and functional 

capacity over an outpatient cardiac rehabilitation program. It can be thought of as a 

type of longitudinal validity (de Vet et al., 2011, p. 202; Mokkink et al., 2010c; Polit 

& Yang, 2016, 9.277; Streiner & Norman, 2008; Testa & Simonson, 1996). 

Previously, the definition of responsiveness included the detection of meaningful or 

important change (Guyatt, Walter, & Norman, 1987; Mokkink et al., 2010c; Terwee 

et al., 2007). However, the COSMIN group achieved consensus in removing reference 

to the meaningful nature or importance of the change score from the scope of 
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responsiveness testing and for it to be included in the interpretation of a score 

(Mokkink et al., 2010c). 

Existing research investigating support for the responsiveness of the 10 m ISWT 

across an outpatient cardiac rehabilitation program is limited. Responsiveness can be 

assessed in two ways; either by a criterion-based approach, comparing the change 

scores with that of the change scores of a gold standard, or a construct approach 

whereby a set of a-priori hypotheses assess the validity of the change scores (de Vet 

et al., 2011, pp. 205-206; Mokkink et al., 2010c; Streiner & Norman, 2008, p. 267; 

Terwee et al., 2007). No research was found that assessed the association of the 

change in 10 m ISWT with the change in a symptom-limited exercise test across 

cardiac rehabilitation, or using a series of a-priori hypothesis testing to investigate the 

presence and degree of association of the 10 m ISWT changes scores with those of 

other commonly used cardiac rehabilitation outcomes. 

Previous research has provided support for the internal responsiveness of the 10 m 

ISWT over the duration of an outpatient cardiac rehabilitation exercise intervention 

(Fowler et al., 2005; Frizelle et al., 2004; Tobin & Throw, 1999). Earlier research has 

suggested that a minimum exercise intervention of approximately eight weeks is 

required to observe changes in physical fitness and functional capacity (Moholdt, 

Madssen, Rognmo, & Aamot, 2014; Wenger & Bell, 1986). Furthermore, the largest 

improvements in physical fitness were reportedly observed within the first two 

months of exercise training (Moholdt et al., 2014). Previous research has 

demonstrated a moderate effect size of .55 in the change in distance walked before 

and after a six-week cardiac rehabilitation exercise intervention (Fowler et al., 2005), 

as well as significant improvements in the distance walked in the 10 m ISWT 
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following a cardiac rehabilitation exercise intervention ranging from 82 to 117 m 

(Fowler et al., 2005; Frizelle et al., 2004; Tobin & Throw, 1999). Fowler et al. (2005) 

reported a significant improvement of 82 m, 95% CI [53, 110] in patients who 

attended a six-week cardiac rehabilitation program, three 10 m ISWTs were 

completed during the pre-program assessment, with the mean distance ranging from 

444 (SD 135), to 486 (SD 147) to 478 m (SD 141). Frizelle et al. (2004) demonstrated 

a significant change in walk distance of 109 m from 354 m (SD 158) during the initial 

assessment, to 463 m (SD 27.79) in the final assessment in 22 patients with an 

implantable cardioverter defibrillator, following a 12-week period that included six 

weeks of a weekly cardiac rehabilitation exercise program. Tobin and Throw (1999) 

reported an improvement of 117 m in patients following coronary artery graft surgery 

over a 12-week cardiac rehabilitation program. These results suggest that a change, 

that is likely greater than measurement error, occurs across cardiac rehabilitation 

programs in timeframes of six weeks or more. It could be hypothesised that there will 

be significant differences in the 10 m ISWT outcomes before and after a cardiac 

rehabilitation exercise program and a moderate effect size seen in programs with a 

minimum duration of eight weeks. 

Similar to construct validity, responsiveness testing is considered robust when a-

priori hypotheses are designed to assess the validity of the change scores (de Vet et 

al., 2011, pp. 205-206; Mokkink et al., 2010c; Streiner & Norman, 2008, p. 267; 

Terwee et al., 2007). de Vet et al. (2011, pp. 215-216) have cautioned against the use 

of the effect size or p value in isolation when investigating the responsiveness of a 

test. The effect size measures the magnitude rather than the validity of the change and 

the p value obtained from a paired t-test is dependent on the magnitude of the change 
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score, the standard deviation and the sample size (de Vet et al., 2011, p. 216). These 

tests can be used to measure the responsiveness if they are included in a-priori 

hypothesis testing (de Vet et al., 2011, p. 218).  

The effect of depression or depressive symptoms on the changes in the 10 m ISWT 

during a cardiac rehabilitation exercise program remains unknown. Previous research 

has reported the association between depression and performance on incremental 

treadmill exercise tests with varied results. Patients with depression or depressive-

mood-related-symptoms have demonstrated statistically significant improvements in 

exercise test performance and when compared with patients without depression were 

equally likely to demonstrate improvement in exercise test scores (Hamm et al., 2004; 

Milani et al., 1996). In both studies, there were significant improvement in the 

depression scores for the groups categorised at baseline as depressed (Hamm et al., 

2004; Milani et al., 1996). In addition, Milani et al. (1996) reported that the group of 

patients identified as depressed at baseline were significantly younger than the non-

depressed group. It is not known if age or the improvement in depression affected the 

10 m ISWT results in this study. When age and gender were accounted for, Glazer, 

Emery, Frid, and Banyasz (2002) demonstrated that depression identified at baseline 

accounted for 9% (p < .07) of the variance in improvement of peak oxygen 

consumption, on a treadmill symptom-limited exercise test. There was no association 

found between treadmill time and changes in a different yet related construct, 

emotional state, measured by the Profile of Mood states questionnaire (Beniamini et 

al., 1997). Although the impact of depression on the change in 10 m ISWT over a 

cardiac rehabilitation program is unclear, it is possible to hypothesise that the change 
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in 10 m ISWT will be less, and the effect sizes smaller, in groups of patients with 

depression or depressive-symptoms. 

Over a cardiac rehabilitation exercise program, improvements in physical fitness and 

functional capacity often parallel improvements in health-related quality of life 

(Dugmore et al., 1999; Kavanagh et al., 1996). The association between the change in 

10 m ISWT outcomes with other measures of health-related quality of life or self-

efficacy over a cardiac rehabilitation program remains largely unknown. Three studies 

have reported weak but significant positive associations between changes in disease 

specific health-related quality of life scales and changes in the 6MWT or treadmill 

cardiopulmonary exercise test in patients with chronic heart failure (Flynn, Pina, et 

al., 2009; Kavanagh et al., 1996) and coronary heart disease (Ades et al., 1999). 

Changes in the Kansas City Cardiomyopathy Questionnaire (KCCQ) summary score 

were positively associated with changes in exercise time on cardiopulmonary exercise 

test (r = .28, p < .001), peak oxygen consumption (r = .21, p < .001), and 6MWT 

distance (r = .18 p < .001) (Flynn, Pina, et al., 2009). Kavanagh et al. (1996) reported 

significant correlations between the changes in the Chronic Heart Failure 

Questionnaire and the changes in 6MWT and treadmill cardiopulmonary exercise test, 

with the correlations stronger for the 6MWT than the cardiopulmonary exercise test. 

Ades et al. (1999) reported a positive association between the change in MOS SF-36 

scale score for Physical Function and peak oxygen uptake (r = .22, p = .02), and 

change in peak exercise capacity measured by METs (r = .17 p = .01). Beniamini et 

al. (1997) found no significant correlation between changes in treadmill time and 

changes in the MOS SF-36 variables. It is possible that the 6MWT being a 

submaximal walk test more closely relates to the subjective health-related quality of 
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life questionnaires than the cardiopulmonary exercise test (Beniamini et al., 1997), but 

it is not known if the same applies for the 10 m ISWT.  

The number of scheduled cardiac rehabilitation sessions attended has been used as a 

crude measure of adherence (Jolly et al., 2009). It has been suggested that the self-

regulatory self-efficacy skills required to attend the program are important to the 

success of the rehabilitation process, and higher levels of self-regulatory self-efficacy 

behaviours are positively associated with attendance (Woodgate, Brawley, & Weston, 

2005). It is not known if there is a dose-response relationship between cardiac 

rehabilitation and changes in the 10 m ISWT. No studies were found that investigated 

the association between the number of cardiac rehabilitation sessions attended and the 

change in 10 m ISWT distance walked. Earlier research has reported no significant 

difference in the change in METs levels attained in treadmill exercise testing with 

adherence to cardiac rehabilitation (Fontana, Kerns, Rosenberg, Marcus, & Colonese, 

1986). However, more recent studies have demonstrated a positive dose-response 

relationship between cardiac rehabilitation and a lower risk of death (Hammill, Curtis, 

Schulman, & Whellan, 2010; Suaya, Stason, Ades, Normand, & Shepard, 2009) and 

lower risk of future myocardial infarction (Hammill et al., 2010). The association 

between adherence and thorough attendance at cardiac rehabilitation and functional 

outcomes remains unknown. It is possible to hypothesise that those who adhere to a 

cardiac rehabilitation program, measured through their attendance at a program, will 

also demonstrate greater improvement in the 10 m ISWT scores.  

It is likely that patients who rate themselves as improved after a cardiac rehabilitation 

program will have greater exercise test change scores than those who rate themselves 

as unchanged or worse (Gremeaux et al., 2011; Houchen-Wolloff, Boyce, & Singh, 
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2015). Houchen-Wolloff et al. (2015) reported a statistically significant difference in 

change scores for the distance walked in the 10 m ISWT for groups of participants 

who reported that they were better, slightly better and unchanged after a six-week 

cardiac rehabilitation program. Gremeaux et al. (2011) also reported a statistically 

significant difference in the change scores for the distance walked in the 6MWT for 

groups of participants who reported they were improved compared with those 

reporting no improvement or worsening of symptoms. However, they did not find a 

statistically significant difference in the results for the 200 m fast walk test. These 

results suggest that it is reasonable to hypothesise that there will be statistically 

significant differences in the change scores for the 10 m ISWT distance based on 

participants global rating of change.  

There is limited evidence to support the responsiveness of the 10 m ISWT as a 

measure of change in physical fitness and functional capacity in a mixed cardiac 

rehabilitation population. Evidence supports that there is a statistically significant 

increase in walk distance and a moderate effect size after a cardiac rehabilitation 

exercise program (Fowler et al., 2005; Frizelle et al., 2004; Tobin & Throw, 1999) 

and that the change in the 10 m ISWT distance is positively associated with global 

rating of change scores after cardiac rehabilitation (Houchen-Wolloff et al., 2015). 

The association between the change in 10 m ISWT distance and depression scores and 

health-related quality of life, as well as adherence to cardiac rehabilitation, remain 

unknown. Previous research in related areas supports the development of hypotheses 

that patients without depression or depressive-symptoms will make greater 

improvements in the 10 m ISWT than patients with depression or depressive-

symptoms and that there will be a positive association between changes in the 10 m 
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ISWT distance and changes in the MOS SF-36 scales scores for Physical Function 

and Role Physical, and adherence to cardiac rehabilitation. 

The aim of this chapter was to determine the evidence for both the construct validity 

and the responsiveness (longitudinal validity) of the 10 m ISWT as an objective 

measure of physical fitness and functional capacity in a mixed cardiac rehabilitation 

population. This study aimed to determine: first, the evidence through a-priori 

hypothesis testing of the construct validity of the 10 m ISWT in a mixed cardiac 

rehabilitation population utilising the pre-program 10 m ISWT outcomes; and second, 

the responsiveness of the 10 m ISWT in a mixed cardiac rehabilitation population 

through a-priori  hypothesis testing utilising change scores.  

5.3 Method 

Research used a quantitative pre-post design on participants referred to cardiac 

rehabilitation.  

5.3.1 Ethics approval and consent. 

Ethics approval was granted by La Trobe University, University Human Ethics 

Committee (Reference Number 10-082) and St John of God Health Care Human 

Research Ethics Committee (Reference Number 438) (see Appendix 2). All 

participants enrolled in the investigation read and signed a Participant Information 

and Consent Form that was approved by the relevant ethics committees (see Appendix 

3). 
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5.3.2 Participants. 

Sample size calculation was based on the recommendations that there be a minimum 

of 50 patients in construct validity analysis (Terwee et al., 2007).  

5.3.2.2 Recruitment procedures. 

The recruitment procedures followed those described in Chapter 2, Section 2.3.2.2. 

Recruitment began in March 2011 and finished in October 2011. 

5.3.3 Procedure. 

Testing took place in the physiotherapy department of the participating hospital 

during the pre-program cardiac rehabilitation assessment and the post-program 

cardiac rehabilitation assessment. All tests took place under the same conditions by 

the same investigator. 

5.3.3.1 Pre-program assessment. 

In a single session, participants completed an initial subjective assessment to record 

baseline demographic details, self-reported physical activity, two 10 m ISWTs 

(labelled ISWT 1 and ISWT 2), and completed three questionnaires: the MOS SF-36, 

the Brief Case Find for Depression; and an exercise self-efficacy questionnaire. Each 

participant completed the assessment in the order described.  

Baseline demographic information collected included age, date of birth, gender, 

cardiac diagnosis and intervention, cardiac signs and symptoms, cardiac medications, 
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relevant medical history and other relevant medications, usual mobility and use of gait 

aid. This information along with the date and time of assessment were recorded on a 

data-recording sheet (see Appendix 4).  

5.3.3.2 Comprehensive cardiac rehabilitation intervention. 

At the commencement of the program, participants underwent an individual 

assessment by the cardiac rehabilitation nurse co-ordinator to gather a detailed 

medical history. Participants then completed an eight-week cardiac rehabilitation 

program that included a 60-minute exercise program and a 60-minute group education 

and discussion forum.  

The exercise program consisted of 10 minutes warm-up activity that included balance 

exercises, followed by 20 minutes of individualised circuit training using mostly 

resistance exercises, 10 to 20 minutes of continuous aerobic activity such as walking, 

and a 10 minute cool-down activity. An experienced physiotherapist and cardiac 

rehabilitation nurse coordinator supervised the exercise class. Participants were 

encouraged to exercise between levels 11 and 13 on the Borg rate of perceived 

exertion 6-20 scale without exceeding 13, that is perceived exertion should fall 

between light and somewhat hard, and not exceed hard (Borg, 1990). All participants 

were given individualised advice on completing appropriate home exercise. The 

physiotherapist commenced the home exercise program at a low or moderate 

intensity, with the aim to progress to a total of 150 to 300 minutes of low-moderate 

intensity each week.  
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There were eight group education topics including heart disease and management, risk 

factor reduction, medication use, exercise and physical activity, wellness and 

relaxation, diet and nutrition, food label reading, and mood and emotions. Information 

provided during these education sessions was general in nature and other than the 

exercise program, no individualised or detailed intervention plans were provided. 

There were no specific individual interventions or actions taken to address anxiety or 

depressive related symptoms in participants.  

5.3.2.1 Eligibility criteria for participants. 

The eligibility criteria were the same as those described in Chapter 2, Section 2.3.2.1.  

5.3.3.3 Post-program assessment. 

In a single session, participants completed a post-program assessment, and this 

occurred within one week of finishing the cardiac rehabilitation program. The 

assessment recorded: a global rating of change score, self-reported physical activity, 

two 10 m ISWTs (labelled ISWT 1 and ISWT 2), the MOS SF-36 as a measure of 

health-related quality of life, the Brief Case Find for Depression screen for likelihood 

of depression and the exercise self-efficacy questionnaire, in that order. 

5.3.3.4 Outcome measure: baseline demographic information. 

Body composition measures during the pre-program assessment included height, 

weight, and BMI. Height was measured using a stadiometer and weight on digital 

scales that were regularly calibrated. BMI was calculated as per the description in 

Chapter 2, Section 2.3.3.1. 
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During the post-program assessment, weight was measured using the same digital 

scales as the pre-program assessment and BMI recalculated. Height was not 

reassessed during the post-program assessment.  

5.3.3.5 Outcome measure: self-reported physical activity. 

During the pre-program assessment, before the completion of the 10 m ISWT, 

participants were asked to recall their exercise activities for the preceding week. 

Patients did not complete a standardised questionnaire; this information was based on 

a one-on-one interview by the investigator with the participant. Recall questions were 

used as a guide to elicit information on the exercise activities that were completed. 

The length of time, how often and the intensity of any exercise or physical activity 

recalled by the participant was clarified. Questions specific to walking were asked, 

such as the location of walking track, time, speed and perceived intensity.  

Allocation to one of three groups was based on recommendations defining sedentary, 

light, and moderate to vigorous intensity exercise, see Table 5.1 (Norton, Norton, & 

Sadgrove, 2010; Pate et al., 1995). Exercise was defined as a planned activity 

designed to improve or maintain physical fitness and is considered a subset of 

physical activity (Caspersen, Powell, & Christenson, 1985). The amount of weekly 

exercise reported by the participant was judged according to published guidelines.  
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Table 5.1 

Framework for Classification of Sedentary, Light, Moderate and Vigorous Intensity 

Exercise 

Intensity Measures Description: Examples 
Sedentary METs < 1.6 

RPE < 8 

Activities involve little additional 

movement and a low energy 

requirement 

Sitting, watching TV, 

reading,  

Light METs 1.6-3 

RPE 8-10 

 

Activity does not cause a 

noticeable change in breathing 

rate, low and sustainable intensity.  

Slow walk 1-3 km/hr 

Indoor household 

walking 

Golf with buggy 

Moderate METs 3-6 

RPE 11-13 

Able to maintain a conversation 

during the activity 

Brisk walk 3-6 km/hr 

Cycling < 15 km/hr 

Swimming 

Golf (without buggy) 

Social tennis 

Vigorous METs 6-9 

RPE 14-16 

Conversation cannot be 

maintained, breathing hard or 

panting 

Jogging 

Brisk walk with hills 

or additional load 

Cycling > 15 km/hr 

or hill training 

Fast swimming 

Note. METs = metabolic equivalent; RPE = rate of perceived exertion. The classification of 
sedentary, light, moderate and vigorous intensity was based on the information provided by 
(Norton et al., 2010, pp. 497-500; Pate et al., 1995, p. 404). 

The National Heart Foundation of Australia recommended that adults with heart 

disease participate in a minimum of 30 minutes of physical activity at a moderate 

intensity on most if not all days of the week (Briffa et al., 2006). General global 

guidelines recommend 150 to 300 minutes of activity at a moderate intensity, or 75 to 

150 minutes of activity at a vigorous intensity, or an equivalent combination for adults 

(Brown, Bauman, Bull, & Burton, 2012; Tremblay et al., 2011; World Health 

Organization, 2010) and older adults (World Health Organization, 2010). When a 
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decision on the level of intensity was not obvious, MET tables were used to help 

describe the intensity of exercise consistently (Ainsworth et al., 2000). The sedentary 

group had no planned regular activities designed to improve or maintain physical 

fitness. The low intensity group participated in planned regular low-level exercise but 

of insufficient frequency or duration and intensity to meet the exercise guidelines. The 

moderate-vigorous intensity group participated in regular exercise that was of 

sufficient frequency or duration and intensity to meet the exercise guidelines. 

5.3.3.6 Outcome measure: 10 m ISWT. 

Participants completed two 10 m ISWTs in the pre-program assessment and two 10 m 

ISWTs in the post-program assessment. The procedure for completing the 10 m ISWT 

was the same as that described in Chapter 3, Section 3.3.3.2. 

5.3.3.7 Outcome measure: Medical Outcomes Study 36-item short 

form. 

The MOS SF-36 was described and developed by Ware and Sherbourne (1992). The 

36-item questionnaire includes standardised responses for participants to describe 

aspects of their health-related quality of life, with scoring providing information on 

eight scales of health status: Physical Functioning, Role Physical, Bodily Pain, 

General Health, Vitality, Social Functioning, Role Emotional and Mental Health 

(Table 5.2) (Jette & Downing, 1994; Ware & Sherbourne, 1992). The MOS SF-36 

scale for Physical Functioning comprises 10 questions that relate to physical 

activities, five of these activities are related to moderate or vigorous intensity exercise 

or walking progressive distances from 100 metres to more than a kilometre. The MOS 
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SF-36 is a well-known and widely used generic health-related quality of life measure 

applicable to the cardiac rehabilitation population (Brown, 2003; Dempster & 

Donnelly, 2000; McKee, 2009) and recommended by the Australian Cardiac 

Rehabilitation Association (Goble & Worcester, 1999, p. 164).  

In general, patients enrolled in an outpatient cardiac rehabilitation program present at 

the pre-program assessment with impaired health-related quality of life scores (Cohen 

et al., 1999; Jette & Downing, 1994; Morrin, Black, & Reid, 2000; Quittan et al., 

1999). The Australian Bureau of Statistics have published normative data for the 

Australian population with and without heart disease, see Table 5.2 (Australian 

Bureau of Statistics, 1995). Good levels of retest reliability of the MOS SF-36 when 

completed within two weeks of the commencement of cardiac rehabilitation has been 

demonstrated, with ICC(2,1) for all but one of the MOS SF-36 scale scores of health 

status ranged from .70 to .84, and for the scale Role Emotional an ICC of .37 (Jette & 

Downing, 1994).  

 



C
ha

pt
er

 6
: C

on
st

ru
ct

 V
al

id
ity

 o
f t

he
 1

0m
 IS

W
T 

14
1 

Ta
bl

e 
5.

2 

Au
st

ra
lia

n 
Po

pu
la

tio
n 

N
or

m
s f

or
 th

e 
M

O
S 

SF
-3

6 
fo

r A
us

tr
al

ia
n 

Re
si

de
nt

s W
ith

 a
nd

 W
ith

ou
t H

ea
rt

 D
is

ea
se

  

M
O

S 
SF

-3
6 

sc
al

es
 o

f 
he

al
th

 st
at

us
 

N
o 

he
ar

t 
di

se
as

e 
H

ea
rt 

di
se

as
e 

M
ea

ni
ng

 o
f s

co
re

s (
A

us
tra

lia
n 

B
ur

ea
u 

of
 S

ta
tis

tic
s, 

19
95

; W
ar

e 
&

 S
he

rb
ou

rn
e,

 1
99

2)
 

Ph
ys

ic
al

 F
un

ct
io

ni
ng

 
79

.1
 

65
.8

 
0:

 li
m

ite
d 

a 
lo

t i
n 

pe
rf

or
m

an
ce

 o
f a

ll 
ph

ys
ic

al
 a

ct
iv

iti
es

 in
cl

ud
in

g 
pe

rs
on

al
 a

ct
iv

iti
es

 o
f d

ai
ly

 li
vi

ng
 

10
0:

 p
er

fo
rm

s a
ll 

ph
ys

ic
al

 a
ct

iv
iti

es
 w

ith
ou

t l
im

ita
tio

n 
in

cl
ud

in
g 

vi
go

r o
us

 ta
sk

s 

R
ol

e 
Ph

ys
ic

al
 

77
.1

 
51

.2
 

0:
 p

ro
bl

em
s w

ith
 w

or
k 

or
 o

th
er

 d
ai

ly
 a

ct
iv

iti
es

 d
ue

 to
 p

hy
si

ca
l h

ea
lth

 

10
0:

 n
o 

pr
ob

le
m

s w
ith

 w
or

k 
or

 o
th

er
 d

ai
ly

 a
ct

iv
iti

es
 a

s a
 re

su
lt 

of
 p

hy
si

ca
l h

ea
lth

  

B
od

ily
 P

ai
n 

74
.8

 
60

.0
 

0:
 se

ve
re

 a
nd

 li
m

iti
ng

 p
ai

n 

10
0:

 n
o 

pa
in

 o
r l

im
ita

tio
n 

fr
om

 p
ai

n 
 

G
en

er
al

 H
ea

lth
 

70
.4

 
52

.7
 

0:
 p

er
so

na
l h

ea
lth

 is
 p

er
ce

iv
ed

 a
s p

oo
r a

nd
 e

xp
ec

te
d 

to
 g

et
 w

or
se

 

10
0:

pe
rs

on
al

 h
ea

lth
 p

er
ce

iv
ed

 a
s e

xc
el

le
nt

 

V
ita

lit
y 

64
.3

 
54

.7
 

0:
 ti

re
d 

an
d 

w
or

n 
ou

t a
ll 

of
 th

e 
tim

e 

10
0:

 fe
el

s f
ul

l o
f l

ife
 a

nd
 e

ne
rg

y 
al

l o
f t

he
 ti

m
e 

So
ci

al
 F

un
ct

io
ni

ng
 

84
.9

 
73

.6
 

0:
 P

ro
bl

em
s w

ith
 n

or
m

al
 so

ci
al

 a
ct

iv
iti

es
 a

re
 e

xt
re

m
e 

an
d 

fr
eq

ue
nt

 

10
0:

 U
nd

er
ta

ke
s n

or
m

al
 so

ci
al

 a
ct

iv
iti

es
 w

ith
ou

t i
nt

er
fe

re
nc

e 
 

R
ol

e 
Em

ot
io

na
l 

82
.1

 
70

.9
 

0:
 p

ro
bl

em
s w

ith
 w

or
k 

or
 o

th
er

 d
ai

ly
 a

ct
iv

iti
es

 d
ue

 to
 e

m
ot

io
na

l h
ea

lth
 

10
0:

 n
o 

pr
ob

le
m

s w
ith

 w
or

k 
of

 o
th

er
 d

ai
ly

 a
ct

iv
iti

es
 a

s a
 re

su
lt 

of
 e

m
ot

io
na

l h
ea

lth
 

M
en

ta
l H

ea
lth

 
76

.3
 

71
.8

 
0:

 fe
el

in
gs

 o
f d

ep
re

ss
io

n 
an

d 
ne

rv
ou

sn
es

s a
ll 

of
 th

e 
tim

e 

10
0:

 p
ea

ce
fu

l , 
ha

pp
y 

an
d 

ca
lm

 a
ll 

of
 th

e 
tim

e 
 

N
ot

e.
 M

O
S 

SF
-3

6 
= 

M
ed

ic
al

 O
ut

co
m

es
 S

tu
dy

 3
6-

ite
m

 sh
or

t f
or

m
. I

nf
or

m
at

io
n 

ad
ap

te
d 

fr
om

 th
e 

A
us

tra
lia

n 
Bu

re
au

 o
f S

ta
tis

tic
s (

19
95

, p
. 2

1)
 a

nd
 

W
ar

e 
an

d 
Sh

er
bo

ur
ne

 (1
99

2,
 p

. 4
75

)



 

142 

5.3.3.8 Outcome measure: Brief Case Find for Depression. 

The Brief Case Find for Depression is a simple, four-item case-finding instrument for 

probable depression that can be completed in a very short amount of time (Clark, 

McKenzie, Marshall, & Smith, 1994; Jefford et al., 2004). The test has good 

sensitivity and negative predictive power, but poor specificity (Jefford et al., 2004). 

The researcher reads the four questions to the participant: Over the past couple of 

weeks, have you (A) been having restless or disturbed nights?; (B) been feeling 

unhappy or depressed?; (C) felt unable to overcome your difficulties?; (D) been 

dissatisfied with the way you’ve been doing things? (Jefford et al., 2004, p. 901). 

Scoring for probable depression was based on the algorithm, answering yes to [A or 

B] AND [C or D] (Jefford et al., 2004). 

5.3.3.9 Outcome measure: exercise self-efficacy scale. 

The Bandura exercise self-efficacy scale is an 18-item questionnaire measuring 

perceived confidence in a participant’s ability to exercise regularly (Bandura, 2006). 

The scale was modified to suit an Australian population and then the psychometric 

properties of the modified scale were tested in an Australian cardiac rehabilitation 

context (Everett et al., 2009). Good internal consistency for the 18 items with the item 

total scale correlations ranging from .59 to .84 was demonstrated (Everett et al., 

2009). The participants had a mean score of 103 (SD 35) on entry to cardiac 

rehabilitation and there were no floor or ceiling effects (Everett et al., 2009). 

After the questionnaire was completed, it was checked for errors and completeness, 

for example, in the case of two responses circled for one item or missing responses 
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the participant was asked to clarify if it was intentional or not, and if relevant given 

the opportunity to amend. The questionnaire was scored out of 180 points, in the case 

of intentionally missing responses the questionnaire was scored and then converted to 

a score out of 180 points.  

5.3.3.10 Outcome measure: Global Rating of Change. 

Participants were asked to score their Global Rating of Change in the post-program 

assessment before completing any of the assessment tests. Participants were asked: 

Do you believe your physical fitness has improved significantly, improved a little, is 

about the same, is slightly worse or significantly worse?. Results were recorded using 

the 5-point scale and then recoded into a 3-point scale, improved, same or worse. 

5.3.4 Statistical Analysis. 

Participant characteristics were recorded to allow description of the study sample. 

Where relevant, means were expressed followed by standard deviation. Data were not 

imputed in the case of missing values. The 10 m ISWT results were checked for floor 

and ceiling effects. Terwee et al. (2007) recommended an overall positive rating for 

the absence of floor and ceiling effects if there were no floor or ceiling effects present 

in a sample size of at least 50 patients (Terwee et al., 2007). Small floor or ceiling 

effects have been described as occurring between 1 to 15% of the sample and 

moderate floor or ceiling effects in greater than 15% of the sample (McHorney & 

Tarlov, 1995). The relative reliability and measurement error of the 10 m ISWT was 

calculated using the methods described in Chapter 2, Sections 2.3.4.3 and 2.3.4.4 for 

the walk tests completed in the pre-program and the post-program assessment.  
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The longitudinal reliability of the 10 m ISWT was measured in two ways. First, by 

calculating the ICC for the sample and the subsample of participants who reported 

themselves as unchanged on the global rating of change. The method of calculating 

the ICC was described in Chapter 2, Section 2.3.4.3. Second, as the reliability of the 

change scores, using the formula as follows:  

  ℎ  =
+ − 2

2.0 − 2
 

Where RXX is the correlation of pre-program 10 m ISWT (i.e., ISWT 1 and ISWT 2) 

and RYY is the correlation of the post-program 10 m ISWT (i.e., ISWT 3 and ISWT 4), 

rXY is the correlation of the pre-program and post-program scores (i.e., ISWT 2 and 

ISWT 4).  

Eleven hypotheses were determined, a-priori, to assess the evidence for construct 

validity and responsiveness. Each hypothesis followed the recommendation of the 

COSMIN group and included information on the expected size and direction of the 

association (Mokkink et al., 2010b). Each hypothesis was tested using the results of 

both the first and the second 10 m ISWT for the session. For a correlation using 

continuous data, a Pearson’s product-moment correlation coefficient with 95% 

confidence intervals was calculated and interpreted with the following guidelines: 

strong, a correlation greater than 0.75, moderate between 0.50 and 0.75 and weak less 

than 0.5 (Portney & Watkins, 2000, p. 565). For assessing for statistical differences 

between groups, a significance level of p < .05 was set.  
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5.3.4.1 Evidence for construct validity of the 10 m ISWT using a-

priori hypothesis testing. 

Hypothesis 5.1: Participants who report regular physical exercise at a moderate-

vigorous intensity will walk significantly further in the 10 m ISWT compared with 

those who report exercise at a low intensity who in turn will walk significantly further 

than those who report to be sedentary. The primary hypothesis will be tested with a 

one-way ANOVA and post-hoc comparisons.  

Hypothesis 5.2: There will be a significant weak negative correlation (r < |-.5|) 

between measures of adiposity and the distance walked in the 10 m ISWT. 

Specifically, Hypothesis 5.2.1: There will be a weak negative correlation (r < |-.5|) of 

the waist-hip ratio and the distance walked in the 10 m ISWT. Hypothesis 5.2.2: 

There will be a weak negative (r < |-.5|) correlation between weight and 10 m ISWT 

distance; and hypothesis 5.2.3 is that there will be a weak negative correlation 

between BMI and 10 m ISWT distance. A Pearson’s product-moment correlation with 

95% confidence intervals will be used to calculate the association.  

Hypothesis 5.3: There will be a significant weak-moderate positive correlation 

(r < .75) between the MOS SF-36 scale score of Physical Functioning and the 

distance walked in the 10 m ISWT. A Pearson’s product-moment correlation with 

95% confidence intervals will be used to calculate the association. 

Hypothesis 5.4: There will be a weak positive correlation (r < .50) between the MOS 

SF-36 scale score for Role Physical and the distance walked in the 10 m ISWT and 

this correlation will be less than that demonstrated in hypothesis 5.3. This correlation 
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will be calculated using a Pearson’s product-moment correlation coefficient with 95% 

confidence intervals. 

Hypothesis 5.5: There will be a non-significant correlation between the scores of the 

remaining six MOS SF-36 scales and the 10 m ISWT, with the MOS SF-36 scale 

score of Role Emotional the least related to the distance walked in the 10 m ISWT. 

Hypothesis 5.5.1: There will be a non-significant correlation between the MOS SF-36 

scale score of Bodily Pain and the 10 m ISWT distance walked at the pre-program 

assessment. Hypothesis 5.5.2: There will be a non-significant correlation between the 

MOS SF-36 scale score of General Health and the 10 m ISWT distance walked at the 

pre-program assessment. Hypothesis 5.5.3: There will be a non-significant correlation 

between the MOS SF-36 scale score of Vitality and the 10 m ISWT distance walked 

at the pre-program assessment. Hypothesis 5.5.4: There will be a non-significant 

correlation between the MOS SF-36 scale score of Social Functioning and the 10 m 

ISWT distance walked at the pre-program assessment. Hypothesis 5.5.5: There will be 

a non-significant correlation between the MOS SF-36 scale score of Role Emotional 

and the 10 m ISWT distance walked at the pre-program assessment. Hypothesis 5.5.6: 

There will be a non-significant correlation between the MOS SF-36 scale score of 

Mental Health and the 10 m ISWT distance walked at the pre-program assessment. 

Hypothesis 5.5.7: The MOS SF-36 Role Emotional scale score will be the MOS SF-

36 scale least related to the distance walked in 10 m ISWT.  

Hypothesis 5.6: There will be a weak correlation (r < .50) between the exercise self-

efficacy score and the distance walked in the 10 m ISWT. This correlation will be 

calculated using a Pearson’s product-moment correlation coefficient with 95% 

confidence intervals. 
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Hypothesis 5.7: Hypothesis 5.7.1: That the difference in the distance walked in the 

10 m ISWT between participants with likely depression compared with those with 

unlikely depression will not be statistically significant (p > .05) at the baseline 

assessment. Hypothesis 5.7.2: That the difference in the distance walked in the 10 m 

ISWT between participants with likely depression compared with those with unlikely           

depression will be statistically significant (p > .05) at the post-program assessment. 

An independent samples t-test will be used to test for statistically significant 

differences.  

5.3.4.2 Evidence for responsiveness of the 10 m ISWT over an 

eight-week cardiac rehabilitation program using a-priori 

hypothesis testing. 

Hypothesis 5.8: Participants of an eight-week outpatient cardiac rehabilitation 

exercise program will demonstrate an improvement in the 10 m ISWT distance 

between their pre-program and post-program assessment, there will be a moderate 

effect size, and the differences and effect size will be larger in patients without likely 

depression than those with likely depression. The internal responsiveness of the 10 m 

ISWT to measure changes in physical fitness over the duration of cardiac 

rehabilitation will be described (Husted, Cook, Farewell, & Gladman, 2000) to 

measure the magnitude of change. First, a paired samples t-test will be used, and will 

focus on the statistical significance of any observed change between pre-program and 

post-program scores. Second, internal responsiveness will be measured through 

standardised effect size, calculated using the following formula:   
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=
−

 

Where  and  are the mean distances walked in the 10 m 

ISWT during the pre-program and the post-program assessment and  is 

the variability or standard deviation of the pre-program scores (Husted et al., 2000). 

Results were interpreted based on recommendations by Cohen (1977, p. 24) where 

less than 0.2 was a null effect size, .2 to .49 a small effect size, .50 to .79 a moderate 

effect size, and scores of .8 or higher a large effect size.  

Hypothesis 5.9: Those unlikely to have depression will make greater improvements, 

across a cardiac rehabilitation program, in the 10 m ISWT distance than those with 

likely depression, and this difference will be statistically significant and the effect size 

will be larger in patients without likely depression than those with likely depression. 

This hypothesis will be tested using an independent samples t-test.  

Hypothesis 5.10: There will be significant weak correlations (r < .50) between 

changes in the MOS SF-36 scale scores that relate to physical health and changes in 

the 10 m ISWT distance, and non-significant correlations (p > .05) between changes 

in the remaining MOS SF-36 scale scores and changes in the 10 m ISWT. 

Specifically, that there will be a positive weak correlation between changes in the 

MOS SF-36 scale score of Physical Functioning and the change in distance walked in 

the 10 m ISWT and the changes in the MOS SF-36 scale score of Role Physical and 

changes in the 10 m ISWT. The correlations between the changes scores of the 

remaining six MOS SF-36 scales and the change in 10 m ISWT distance will be non-
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significant. These correlations will be calculated using a Pearson’s product-moment 

correlation coefficient with 95% confidence intervals.  

Hypothesis 5.11: There will be a significant weak positive association (r < .50) 

between attendance at a cardiac rehabilitation program and improvement in 10 m 

ISWT distance. This correlation will be calculated using a Pearson’s product-moment 

correlation coefficient with 95% confidence intervals.  

Hypothesis 5.12: Participants who report improvement in Global Rating of Change 

will demonstrate a greater improvement in the 10 m ISWT distance over an eight-

week outpatient cardiac rehabilitation program than those who report no change or 

deterioration in Global Rating of Change. This difference will be statistically 

significant. Those who report no change or a deterioration in a Global Rating of 

Change will not show a statistically significant difference in the change in 10 m ISWT 

walk distance. External responsiveness reflects the extent that the changes in 10 m 

ISWT scores reflect changes in other health measurement scores. Statistical methods 

to measure the external responsiveness for the 10 m ISWT in cardiac rehabilitation 

were one-way ANOVA with three groups with post-hoc analysis.  

5.4 Results 

5.4.1 Characteristics of the sample. 

Fifty-two patients were recruited on admission to a cardiac rehabilitation program. 

Tables 5.3 and 5.4 show the characteristics of the sample at baseline. Table 5.4 also 

shows the characteristics of the sample at the post-program assessment. The mean age 
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of participants was 68 years (SD 10) with the youngest participant 46 years and the 

oldest participant 91 years. All participants were able to mobilise independently, one 

participant required the use of a single point stick to complete the 10 m ISWTs. The 

pre-program assessment was completed over a mean of 29 days (SD 19) following the 

most recent cardiac intervention and this time ranged from 7 to 97 days. 

Table 5.3 

Characteristics of the Sample 

Characteristics Total (n = 52) 
Age 68 (10) 

Gender n Male:Female 40:12 

Intervention n (%)  

  Revascularisation Procedure  31 (63) 

  Medical management  14 (27) 

  Valve surgery 3 (5) 

  PPM and or ICD 4 (8) 

BMI category n (%)  

  Underweight 0 

  Healthy 10 (19) 

  Overweight 25 (48) 

  Obese 16 (31) 

  Morbidly obese 1 (2) 

Note. PPM = permanent pacemaker; ICD = implantable cardioverter defibrillator. 

The mean time that elapsed between the pre-program assessment and the post-

program assessment was nine weeks, and ranged from seven to 11 weeks. One post-

program assessment was completed before 8 weeks as the participant was finishing 

the program early for reasons unrelated to the study. Participants attended an average 

of 7 (SD 1) cardiac rehabilitation classes and this ranged from five to eight classes. 
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Table 5.4 

Basic Pre-Program and Post-Program Objective Assessment Measures 

Characteristics Pre-program assessment Post-program assessment  
Height (cm) 172 (7) Not assessed 

Weight (kg) 84 (15) 84 (14) 

BMI (kg/m2) 29 (5) 28 (5) 

Waist (cm) 99 (12) 99 (12) 

Waist:Hip ratio 0.97 (0.08) 0.97 (0.07) 

  Males 1.00 (0.05) 0.99 (0.05) 

  Females 0.87 (0.07) 0.89 (0.07) 

Resting HR (beats/min) 71 (11) 68 (10) 

Resting BP (mmHg) 129 (14) / 75 (7) 125 (14) / 71 (8) 

Resting SpO2 (%) 98 (1) 98 (1) 

Resting RR (breaths/min) 17 (1) 17 (1) 

Note. BMI = body mass index; HR = heart rate; BP = blood pressure; SpO2 = oxygen 
saturation measured via pulse oximetry; RR = respiratory rate. 

Table 5.4 shows the pre-program and post-program general assessment measures. The 

mean weight of participants was 84 kg (SD 15) at the pre-program assessment and 

84 kg (SD 14) at the post-program assessment and ranged from 60 kg to 145 kg for 

both the pre-program assessment and the post-program assessment. The mean BMI 

for the sample was 29 kg/m2 (SD 5) indicating that on average the sample was 

overweight. The pre-program BMI ranged from 20 to 47 kg/m2. Nine (17%) 

participants were in the BMI healthy range, 26 (50%) were overweight, 16 (31%) 

were obese and one (2%) participant was morbidly obese. The mean BMI for the 

sample at the post-program assessment was 28 kg/m2 (SD 5), indicating that on 

average the sample was overweight. The post-program BMI ranged from 20 to 

47 kg/m2. At the post-program assessment, 11 (21%) participants had a BMI in the 

healthy range, 25 (48%) were overweight, 15 (29%) were obese and one (2%) was 

morbidly obese.  
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5.4.1.1 10 m ISWT. 

All participants completed the 10 m ISWT until volitional exhaustion and no test was 

stopped prematurely by the researcher. There was a positive rating for floor and 

ceiling effects in this sample. All participants were able to complete at least one 

shuttle of the 10 m ISWT. During the pre-program assessment, no participant 

completed all levels of the test. During the post-program assessment, one participant 

(2%) completed all levels of the test in both ISWT 3 and ISWT 4.  

For the pre-program assessment, the mean distance walked in ISWT 1 was 378 m 

(SD 164), with a range from 110 to 760 m and for ISWT 2 the mean distance walked 

was 396 m (SD 164), with a range from 120 to 780 m (Table 5.5). At the pre-program 

assessment the mean difference between the distance walked in the two 10 m ISWT 

was 17 m (SDdiff 14), and this difference was significant (t(51) = 8.648, p < .001). 

Men were more likely to walk further than women in both ISWT 1 (t(50) = 2.484, 

p = .016) and ISWT 2 (t(50) = 2.605, p < .012). There were no violations to 

normality, skewness or kurtosis for the distance walked in ISWT 1 or ISWT 2. 
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Table 5.5 

Results of the 10 m ISWT 

10 m ISWT outcomes 
Pre-program Post-program 

ISWT 1 ISWT 2 ISWT 3 ISWT 4 
10 m ISWT distance (m) 378 (164) 396 (164) 481 (206) 497 (211) 

  Men 10 m ISWT distance 408 (159) 427 (156) 516 (206) 531 (210) 

  Women 10 m ISWT distance 280 (149) 293 (151) 363 (167) 382 (178) 

End of test findings     

  Peak HR (beats/min) 100 (18) 105 (18) 103 (20) 105 (25) 

  SBP (mmHg) 155 (20) 161 (23) 155 (29) 159 (25) 

  DBP (mmHg) 83 (8) 84 (9) 81 (9) 83 (9) 

  RR (breaths/min) 29 (3) 31 (3) 30 (3) 31 (4) 

  SpO2 (%) 98 (1) 98 (1) 98 (1) 98 (1) 

  RPP (mmHg/beats/min) median (mode) 12 (12) 13 (12) 12 (12) 13 (12) 

2-minute HR recovery (a) n (%) 46 (88%) 41 (79%) 38 (73%) 37 (71%) 

End of test symptoms n (%)     

  No symptoms 15 (29%) 13 (25%) 9 (17%)  10 (19%) 

  Fatigue 1 (2%) 1 (2%) 1 (2%) 1 (2%) 

  Lower limb pain 8 (15%) 10 (19%) 10 (19%) 12 (23%) 

  Shortness of breath 30 (58%) 31 (60%) 36 (69%) 33 (63%) 

  Other 1 (2%) 2 (4%) 0 0 

Note. ISWT = 10 m incremental shuttle walk test; HR = heart rate; bpm = beats per minute; 
SBP = systolic blood pressure; mmHg = millimetres mercury; DBP = diastolic blood 
pressure; RR = respiratory rate; SpO2 = oxygen saturation measured with pulse oximetry; 
RPP = rate pressure product. (a) 2 minute HR recovery was defined as HR within 20% of 
baseline measure at two minutes.  

For the post-program assessment, the mean distance walked in ISWT 3 was 481 m 

(SD 206), with a range from 150 to 1020 m, and for ISWT 4 the mean distance 

walked was 497 m (SD 211), with a range from 150 to 1020 m. At the post-program 

assessment the mean difference between the distance walked in the two 10 m ISWTs 

was 16 m (SDdiff 21), and this difference was significant (t(51) = 5.448, p < .001). 

Men were more likely to walk further than women in both ISWT 3 (t(50) = 2.349, 

p < .023) and ISWT 4 (t(50) = 2.248, p < .029). There were no violations to 
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normality, skewness or kurtosis for the distance walked in ISWT 3 or ISWT 4. 

Results of the walk test are shown in Table 5.5.  

The relative reliability expressed by the ICCagreement model with 95% confidence 

intervals of ISWT 1 and ISWT 2 was .991, 95% CI [.866, .997] and for ISWT 3 and 

ISWT 4 was .992, 95% CI [.968, .997]. For men, the ICCagreement model with 95% 

confidence intervals of ISWT 1 and ISWT 2 was .989, 95% CI [.823, .997] and for 

ISWT 3 and ISWT 4 was .993, 95% CI [.970, .997]. For women, the ICCagreement 

model with 95% confidence intervals of ISWT 1 and ISWT 2 was .993, 95% CI [.907, 

.998] and for ISWT 3 and ISWT 4 as .989, 95% CI [.926, .996]. The mean difference 

between ISWT 1 and ISWT 3 was 103 m (SD 72) and between ISWT 2 and ISWT 4 

was 101 m (SD 76).  

The responsiveness (longitudinal reliability) of the distance walked in the 10 m ISWT 

for those patients who reported an unchanged global rating of change (n = 10) was 

calculated both using the first test and the second test (Table 5.6). The ICC measured 

for consistency remained high, suggesting that participant ranking did not alter during 

cardiac rehabilitation. The lower ICC values when calculated for absolute values 

reflect the systematic change in the absolute scores across a cardiac rehabilitation 

intervention. The reliability of the change score was .96. 
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Table 5.6 

Longitudinal Relative Reliability of the 10 m ISWT 

10 m ISWT 

ICC for consistency ICC for absolute agreement  

ICC 

95% CI 

ICC 

95% CI 

LL UL LL UL 
Global Rating of Change: Unchanged (n = 10) 

  First test (ISWT 1 and 3) .99 .96 .997 .92 -.01 ..99 

  Second test (ISWT 2 and 4) .99 .96 .998 .94 .01 .99 

Whole Sample (n = 52) 

  First test (ISWT 1 and 3) .93 .87 .96 .81 .01 .94 

  Second test (ISWT 2 and 4) .92 .86 .95 .81 .04 .94 

Note. ICC = intraclass correlation coefficient; CI = confidence interval; LL = lower limit; UL 
= upper limit.  

5.4.1.2 Self-reported physical activity. 

In the pre-program assessment, 18 participants (35%) reported no regular planned 

physical exercise and were classified as sedentary, 25 (48%) reported regular low 

intensity exercise and 9 (17%) reported regular moderate-vigorous intensity exercise 

that met the exercise guidelines described in Section 5.3.3.5. Walking was the most 

common exercise with 30 participants (58%) reporting this activity in their regular 

exercise program. The results of the demographic characteristics according to 

physical activity are shown in Table 5.7.  
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Table 5.7 

Characteristics of the Sample According to Pre-Program Reported Levels of Physical 

Activity 

Characteristic Sedentary Low Intensity 

Moderate-
Vigorous 
Intensity 

Age 71 (10) 69 (10) 61 (11) 

Gender n Male:Female 11:7 21:4 8:1 

Intervention n (%)    

  Revascularisation Procedure  11 (33) 14 (42) 8 (24) 

  Medical management  4 (26) 9 (64)  1 (7) 

  Valve surgery 1 (100) 0 0 

  PPM and or ICD 2 (50) 2 (50) 0 

Days since cardiac event 25 (12) 30 (19) 44 (34) 

Weight (kg) 86 (11) 82 (17) 88 (14) 

BMI (kg.m-2) 30 (4) 27 (5) 29 (4) 

Waist:Hip ratio 0.96 (0.08) 0.97 (0.08) 0.98 (0.07) 

ISWT 1 distance (m) 277 (145) 376 (123) 589 (93) 

ISWT 2 distance (m) 292 (144) 394 (120) 609 (92) 

ISWT 3 distance (m) 366 (167) 464 (158) 759 (141) 

ISWT 4 distance (m) 377 (169) 476 (155) 792 (137) 

Note. PPM = permanent pacemaker; ICD = implantable cardioverter defibrillator; BMI = 
body mass index.  

5.4.1.3 Health-related quality of life MOS SF-36. 

The results of the MOS SF-36 at the pre-program assessment are shown in Table 5.8. 

The scores for all scale scores indicate a lower health-related quality of life compared 

with the Australian norm for people without heart disease, presented in Table 5.2 

(Section 5.3.3.7). Floor and ceiling effects were present and the number and 

percentage for the pre-program and post-program assessment are shown in Table 5.8.  
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In the pre-program assessment, floor effects were observed in low numbers in the 

following MOS SF-36 scales: Role Physical (12%), Bodily Pain (2%), Social 

Functioning (2%) and Role Emotional (2%). Ceiling effects were observed in the pre-

program MOS SF-36 scales: Bodily Pain (21%), Social Functioning (20%) Role 

Emotional (44%), Role Physical (6%) and General Health (4%). There were no floor 

effects in the post-program assessment. A number of participants experienced a 

ceiling effect in the post-program assessment of MOS SF-36 scales: Physical 

Functioning (8%), Role Physical (15%), Bodily Pain (27%), General Health (2%), 

Social Functioning (38%), and Role Emotional (67%) (Table 5.8).  

5.4.1.4 Brief Case Find for Depression. 

The Brief Case Find for Depression identified 10 participants (19%) with probable or 

likely depression symptoms at the pre-program assessment and eight participants 

(15%) with probable or likely depression symptoms at the post-program assessment. 

There were five men (13%) and five women (42%) in the pre-program assessment 

identified with probable depression and in the post-program assessment three men 

(8%) and five (42%) women.  

5.4.1.5 Results for exercise self-efficacy. 

All participants completed Bandura’s Exercise self-efficacy questionnaire in the pre-

program and the post-program assessment. There were no floor or ceiling effects. The 

mean score for the pre-program assessment was 101 (SD 34), with scores ranging 

from 21 to 163. The mean score for the post-program assessment was 116 (SD 33), 
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with scores ranging from 45 to 174. The mean difference was 15 (SDdiff 21) 95% CI 

[9, 21]. 

5.4.2 Evidence for construct validity using a-priori hypothesis 

testing. 

5.4.2.1 Hypothesis 5.1: participants who report regular physical 

exercise at a moderate-vigorous intensity will walk significantly 

further in the 10 m ISWT compared with those who report exercise 

at a low intensity who in turn will walk significantly further than 

those who report to be sedentary. 

There was a significant difference in the distance walked in the 10 m ISWT across the 

three groups (sedentary, low intensity and moderate-vigorous intensity) (Table 5.9). 

Post hoc comparisons showed that this was significant with all combinations, the 

distance walked was less in those who were sedentary than those who either 

participated in low intensity exercise (ISWT 1: p = .015; ISWT 2: p = .012), or 

moderate-vigorous exercise (ISWT 1: p < .001; ISWT 2: p < .001). In addition, those 

who participated in low intensity exercise walked less than those who participated in 

regular moderate-vigorous intensity exercise (ISWT 1: p < .001; ISWT 2: p < .001). 

There were no interaction effects (F(2,49) = .286, p = .752). The results supported 

hypothesis 5.1. 
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Table 5.9 

Distance Walked in the 10 m ISWT According to Self-Reported Physical Exercise 

Test number 

10 m ISWT distance (m) M (SD) 

F(2, 49) p 
Sedentary 
(n = 18) 

Low 
Intensity 
(n = 25) 

Moderate-
vigorous 
Intensity 
(n = 9) 

ISWT 1 277 (145) 376 (123) 588 (93) 18.1 < .001 

ISWT 2 292 (120) 394 (120) 609 (92) 19.2 < .001 

 

5.4.2.2 Hypothesis 5.2: there will be a significant weak negative 

correlation (r < |-.5|) between measures of adiposity and the 

distance walked in the 10 m ISWT. 

Table 5.10 shows the results of the correlation between the measures of adiposity and 

the distance walked in the 10 m ISWT. There was a significant weak correlation 

between the waist-hip ratio and the distance walked in the 10 m ISWT, and non-

significant correlation for both weight and BMI, and the distance walked in the 10 m 

ISWT in the pre-program assessment. Post hoc analysis of gender showed a poorer 

association between the waist:hip ratio and 10 m ISWT distance (Table 5.11). The 

spread of scores is shown graphically in Figure 5.1. In the first 10 m ISWT the 

waist:hip ratio accounted for 2% of the variation in men and 2% of the variation in 

women, whereas for the group as a whole the waist:hip ratio accounted for 10%. For 

the second walk, the waist:hip ratio accounted for 1% of the variation in men and 2% 

for women, whereas for the group as a whole, the waist:hip ratio accounted for 10%. 

This significant weak correlation was not seen in the post-program assessment (Table 

5.12). The results did not support hypothesis 5.2.  
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Table 5.10 

Associations between the 10 m ISWT and Measures of Adiposity in the Pre-Program 

Assessment 

10 m ISWT 

Waist-hip ratio Weight BMI 

r 

95% CI 

r 

95% CI 

r 

95% CI 

LL UL LL UL LL UL 
ISWT 1 .317 .048 .543 .157  -.121 .412 -.096 -.359 .182 

ISWT 2 .321 .053 .546 .154  -.124 .410 -.092 -.356 .186 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence interval; LL = 
lower limit; UL = upper limit.  

Table 5.11 

Associations between the 10 m ISWT and Waist:Hip ratio in the Pre-Program 

assessment for Men and Women 

10 m ISWT 

Men (n = 40) Women (n = 12) 

r 
95% CI 

r 
95% CI 

LL UL LL UL 
ISWT 1 .125 -.194 420 .140 -.401 .609 

ISWT 2 .120 -.199 416 .123 -.415 .598 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence interval; LL = 
lower limit; UL = upper limit.  

Table 5.12 

Association between the 10 m ISWT and Measures of Adiposity in the Post-Program 

Assessment 

10 m ISWT 

Waist-hip ratio Weight BMI 

r 
95% CI 

r 
95% CI 

r 
95% CI 

LL UL LL UL LL UL 
ISWT 3 .200 -.077 .448 .164 -.114 .418 -.076 -.342 .201 

ISWT 4 .172 -.106 .425 .170 -.108 .423 -.072 -.338 .205 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence interval; LL = 
lower limit; UL = upper limit.  
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5.4.2.3 Hypothesis 5.3: there will be a significant weak-moderate 

positive correlation (r < .75) between the MOS SF-36 scale score 

for Physical Functioning and the distance walked in the 10 m 

ISWT. 

There was a moderate correlation between the MOS SF-36 scale score for Physical 

Functioning and the distance walked in the 10 m ISWT for the pre-program 

assessment (Table 5.13) and the post-program assessment (Table 5.14). The distance 

walked in the 10 m ISWT was able to explain up to 27% of the variance of the MOS 

SF-36 scale score for Physical Functioning in the pre-program assessment and up to 

34% in the post-program assessment.  

Gender differences were observed in the pre-program assessment but not the post-

program assessment. For the men in the sample, the correlation was significant 

between the pre-program MOS SF-36 scale score for Physical Functioning and 

ISWT 1 distance was .451, 95% CI [.162, .669] and ISWT 2 was .444, 95% CI [.154, 

.664]. For the women in the sample the correlation was non-significant between the 

pre-program MOS SF-36 scale score for Physical Functioning and ISWT 1 and 

ISWT 2 of .393, 95% CI [-.234, .789] and .416, 95% CI [-.207, .799], respectively. In 

the post-program assessment, this correlation was moderate and significant for both 

men and women. For men, the correlation between the post-program MOS SF-36 

Physical Functioning scale score and ISWT 3 and ISWT 4 was .526, 95% CI [.257, 

.720] and .534, 95% CI [.267, .725], respectively. For women, the correlation between 

the post-program MOS SF- Physical Functioning scale score, and ISWT 3 and 

ISWT 4 was 674, 95% CI [.163, .900] and .634, 95% CI [.094, .886], respectively. 
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This hypothesis was supported. 

Table 5.13 

Association between the 10 m ISWT and MOS SF-36 Scale Score for Physical 

Functioning in the Pre-Program Assessment 

10 m ISWT r 
95% CI 

r2 LL UL 
ISWT 1 .515 .282 .691 .265 

ISWT 2 .514  .280 .690 .264 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence interval; LL = 
lower limit; UL = upper limit; r2 = coefficient of determination.  

Table 5.14 

Association between the 10 m ISWT and MOS SF-36 Scale Score for Physical 

Functioning in the Post-Program Assessment 

10 m ISWT r 

95% CI 

r2 LL UL 
ISWT 3 .580 . 365 .736 .336 

ISWT 4 . 576 . 360 .734 . 332 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence interval; LL = 
lower limit; UL = upper limit; r2 = coefficient of determination.  

5.4.2.4 Hypothesis 5.4: There will be a weak positive correlation 

(r < .50) between the MOS SF-36 scale score for Role Physical and 

the distance walked in the 10 m ISWT and this correlation will be 

less than that demonstrated in hypothesis 5.3. 

For the pre-program assessment, there was a non-significant correlation between the 

MOS SF-36 scale score for Role Physical and the 10 m ISWT distance (Table 5.15). 

The results for the pre-program did not change when accounting for gender.  
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Table 5.15 

Association between the 10 m ISWT and MOS SF-36 Scale Score for Role Physical in 

the Pre-Program Assessment 

10 m ISWT r 
95% CI 

LL UL 
ISWT 1 .236 -.039 .478 

ISWT 2 .245 -.030 .485 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence interval; LL = 
lower limit; UL = upper limit.  

For the post-program assessment, there was a significant weak correlation between 

the MOS SF-36 Role Physical scale score and the 10 m ISWT distance (Table 5.16). 

These results varied for gender, with a significant correlation for men (ISWT 3 

r = .404, 95% CI [.106, .636] and ISWT 4 r = .414, 95% CI [.118, .643]), but not for 

women (ISWT 3 r = .253, 95% CI [-.375, .722], and ISWT 4 r = .260 95% CI [-.369, 

.726]).  

Table 5.16 

Association between the 10 m ISWT and MOS SF-36 Scale Score for Role Physical in 

the Post-Program Assessment 

10 m ISWT r 

95% CI 

r2 LL UL 
ISWT 3 .366 .103 .581 .134 

ISWT 4 .374 .113 .587) .140 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence interval; LL = 
lower limit; UL = upper limit; r2 = coefficient of determination.  
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The results partially supported hypothesis 5.4, while the correlation was weak and less 

than that demonstrated in hypothesis 5.3, it was also non-significant for the pre-

program assessment outcomes. However, for the post-program assessment outcomes, 

the correlation was significant, weak, and less than that demonstrated in hypothesis 

5.3.  

5.4.2.5 Hypothesis 5.5: there will be a non-significant correlation 

between the scores of the remaining six MOS SF-36 scales and 

the 10 m ISWT, with the MOS SF-36 scale score for Role 

Emotional the least related to the distance walked in the 10 m 

ISWT. 

There were weak and non-significant correlations between the remaining six scales of 

the MOS SF-36 and the 10 m ISWT distance at the pre-program assessment (Table 

5.17). The correlation between the MOS SF-36 scale score for Role Emotional and 

the distance walked in the 10 m ISWT result was close to zero for both the first and 

second walk at the pre-program assessment, and the least related of the MOS SF-36 

scales. The results were not affected by gender.  

For the post-program assessment, results were non-significant for both ISWT 3 and 

ISWT 4 for five of the MOS SF-36 scales. There was a significant weak correlation 

between the MOS SF-36 scale score for Social Functioning and ISWT 4 (Table 5.17). 

This hypothesis was partially supported by the results.
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5.4.2.6 Hypothesis 5.6: there will be a weak correlation (r < .50) 

between the exercise self-efficacy score and the distance walked 

in the 10 m ISWT. 

There was a non-significant weak positive correlation between the exercise self-

efficacy score and the distance walked in the 10 m ISWT in the pre-program 

assessment (Table 5.18). However, there was a significant weak correlation between 

the exercise self-efficacy score and the distance walked in the 10 m ISWT in the post-

program assessment (Table 5.19).  

Table 5.18 

Associations between the 10 m ISWT and Exercise Self-Efficacy in the Pre-Program 

Assessment 

10 m ISWT r 
95% CI 

LL UL 
ISWT 1 .200 -.077 .448 

ISWT 2 .239 -.036 .481 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence interval; LL = 
lower limit; UL = upper limit. 

Table 5.19 

Associations between the 10 m ISWT and Exercise Self-Efficacy in the Post-Program 

Assessment 

10 m ISWT r 

95% CI 

r2 LL UL 
ISWT 3 .281 .009 .514 .079 

ISWT 4 .297 .026 .527 .088 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence interval; LL = 
lower limit; UL = upper limit; r2 = coefficient of determination.  
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There was a difference in the correlation for gender at both the pre-program and the 

post-program assessment. At the pre-program assessment, the mean score for men 

was 104 (SD 34) and for women 91 (SD 36), and at the post-program assessment, the 

mean score for men was 118 (SD 34) and for women 108 (SD 29). The differences in 

self-efficacy scores between men and women was not statistically significant for both 

the pre-program assessment (t(50) = 1.090, p = .218) or the post-program assessment 

(t(50) = .965, p = .339). For both the pre-program and the post-program assessment, 

the correlation was not significant for men. For women, the correlation was 

significant and strong for all cases in the pre-program assessment (exercise self-

efficacy and ISWT 1 r = .876, 95% CI [.608, .965], and ISWT 2, r = .875, 95% CI 

[.605, .965]) and the post-program assessment (exercise self-efficacy and ISWT 3 

r = .764, 95% CI [.339, .930] and exercise self-efficacy and ISWT 4, r = .719, 95% CI 

[.247, .915]) (Figure 5.2).  

This hypothesis was partially supported. There was support for the post-program 

assessment but not for the pre-program assessment, and for the women in the sample, 

the association was stronger than hypothesised.  
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5.4.2.7 Hypothesis 5.7: the difference in the distance walked in the 

10 m ISWT between participants with likely depression compared 

with those with unlikely depression at baseline will not be 

statistically significant (p > .05), however, at follow-up the 

difference will be statistically significant (p < .05). 

At the pre-program assessment, 10 (19%) participants were likely depressed 

according to the Brief Case Find for Depression. The mean difference between those 

with likely depression and those without in the first 10 m ISWT was 86 m, 95% CI [-

29, 201] and for the second 10 m ISWT was 96 m, 95% CI [-17, 210]. The distance 

walked in the 10 m ISWT was less in participants with probable depression than those 

without probable depression, although the differences were not statistically significant 

(p ≥ .05) (Table 5.20).  

At the post-program assessment, eight (15%) participants were likely depressed. 

These eight participants also scored likely depression at the pre-program assessment. 

The mean difference between those with likely depression and those without was 

149 m, 95% CI [-6, 304] and 158 m, 95% CI [0, 317) for ISWT 3 and ISWT 4, 

respectively. The distance walked in the 10 m ISWT was less in participants with 

probable depression than those without probable depression, although the differences 

were not statistically significant (p ≥ .05) (Table 5.21).  

This hypothesis was partially supported.  
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Table 5.20 

The 10 m ISWT distance in the Pre-Program Assessment based on Brief Case Find for 

Depression Result 

Test 

10 m ISWT distance (m)   

t(50)  p 

Likely 
depression 

m (SD) 

Unlikely 
depression  

m (SD) Mdiff 

95% CI 

LL UL 
ISWT 1  309 (153) 395 (164) 86 -29 201 1.506 .138 

ISWT 2  318 (146) 414 (164) 96 -17 210 1.701 .095 

Note. CI = confidence interval; LL = lower limit; UL = upper limit.  

Table 5.21 

The 10 m ISWT distance in the Post-Program Assessment based on Brief Case Find 

for Depression Result 

Test 

10 m ISWT distance (m)   

t(50)  p 

Likely 
depression 

M (SD) 

Unlikely 
depression  

M (SD) Mdiff 

95% CI 

LL UL 
ISWT 3  355 (168) 504 (206) 149 -6 304 1.926 .060 

ISWT 4  363 (171) 521 (210) 158 0 317 2.009 .050 

Note. CI = confidence interval; LL = lower limit; UL = upper limit.  
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5.4.3 The longitudinal construct validity of the 10 m ISWT in a 

mixed cardiac rehabilitation program. 

5.4.3.1 Hypothesis 5.8: those who participated in an eight-week 

outpatient cardiac rehabilitation exercise program will 

demonstrate an improvement in the 10 m ISWT between their pre-

program and post-program assessment, and that there will be a 

moderate effect size, and the differences and effect size will be 

larger in patients with unlikely depression compared with those 

with likely depression. 

The results for the pre-program and post-program walk test differences and the effect 

sizes are shown in Table 5.22. There was a significant difference in the pre-program 

and post-program distances walked in the 10 m ISWT for all combinations of pre-

program and post-program walk tests. A moderate effect size was noted in the pre-

program and post-program comparisons. The p-values were smaller and the effect 

sizes were larger for patients without likely depression than those with likely 

depression for all combinations of pre-program and post-program walk tests (Table 

5.23). This hypothesis was supported.  
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Table 5.22 

Mean Difference and Effect Size for Change in the 10 m ISWT Distance over an 

Eight-Week Comprehensive Cardiac Rehabilitation Program 

Tests 
Mdiff (SDdiff) 

(m) t(50) p Effect size 
ISWT 1 and 3 103 (72) 10.224 < .001 0.62 

ISWT 1 and 4 118 (79) 10.831 < .001 0.72 

ISWT 2 and 3 85 (70) 8.731 < .001 0.52 

ISWT 2 and 4 101 (76) 9.597 < .001 0.61 

 

Table 5.23 

Mean Difference and Effect Size for Change in the 10 m ISWT Distance over an 

Eight-Week Comprehensive Cardiac Rehabilitation Program based on Brief Case 

Find for Depression Results 

 Likely depression Unlikely depression 

Tests 

Mdiff 
(SDdiff) 

(m) t(7)  p 
Effect 
size 

Mdiff 
(SDdiff) 

(m) t(43) p 
Effect 
size 

ISWT 1 
and 3 

63 (41) 4.394 .003 .38 110 
(75) 

9.714 .001 .68 

ISWT 1 
and 4 

71 (43) 4.734 .002 .43 127 
(81) 

10.373 .001 .79 

ISWT 2 
and 3 

56 (49) 3.230 .014 .36 90 (73) 8.247 .001 .57 

ISWT 2 
and 4 

64 (52) 3.444 .011 .41 108 
(78) 

9.166 .001 .67 
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5.4.3.2 Hypothesis 5.9: those unlikely to have depression will 

make greater improvements, across a cardiac rehabilitation 

program, in the 10 m ISWT distance than those with likely 

depression and this difference will be statistically significant. 

The mean improvement in distance walked on the 10 m ISWT between the pre-

program and the post-program assessment was greater for people with unlikely 

depression compared with likely depression. These results did not change when the 

first or second test of the session was used. The differences in improvement scores 

were not statistically significant in three of four walk combinations and only 

statistically significant for the differences in improvement between ISWT 1 and 

ISWT 4, in other words, when one test is completed in the pre-program assessment 

and the results of the second test are used in the post-program assessment (Table 

5.24). This hypothesis was only partially supported.  

Table 5.24 

Mean Differences in Change in 10 m ISWT Distance based on Brief Case Find for 

Depression Result in the Pre-Program Assessment 

Tests 

Change in 10 m ISWT 
distance (m)    

t(50) 

 

Unlikely 
depression 
M (SDdiff) 

Likely 
depression 
M (SDdiff) 

Mdiff 
(m) 

95% CI 

p LL UL 
Walk 1-3  111 (76) 66 (38) 45 -5 95 1.816 .075 

Walk 1-4  129 (82) 73 (40) 56 2 110 2.082 .042 

Walk 2-3  92 (74) 57 (44) 35 -14 84 1.424 .161 

Walk 2-4  110 (79) 64 (48) 46 -7 98 1.743 .088 

Note. CI = confidence intervals; LL = lower limit; UL = upper limit. 
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5.4.3.3 Hypothesis 5.10: there will be significant weak correlations 

(r < .50) between changes in the MOS SF-36 scale scores that 

relate to physical health and changes in the distance walked in 

the 10 m ISWT, and non-significant correlations (p > .05) between 

changes in the remaining MOS SF-36 scale scores and changes in 

the 10 m ISWT. 

For the sample, there was a non-significant correlation between change in the MOS 

SF-36 scale score Physical Functioning and the change in 10 m ISWT across a cardiac 

rehabilitation program (Table 5.25). There was a weak correlation between the change 

in MOS SF-36 scale score Role Physical and change in 10 m ISWT distance, which 

was significant for three of the four walk test combinations (Table 5.25). The 

associations between the change scores for all other MOS SF-36 scales and the 

change in 10 m ISWT distance were weak and non-significant (Table 5.25). There 

were no differences in results based on gender or likelihood of depression. The results 

of this hypothesis were partially supported. The results did not support the hypothesis 

that there would be a significant weak correlation between changes in the MOS SF-36 

scale score for Physical Functioning and the change in the 10 m ISWT distance. 

However, the results showed partial support for a significant weak correlation 

between changes in the MOS SF-36 scale score for Role Physical and changes in the 

10 m ISWT distance and support for the non-significant correlation between the 

changes in the remaining MOS SF-36 scales scores and changes in the 10 m ISWT 

distance. 
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5.4.3.4 Hypothesis 5.11: there will be a significant weak positive 

association (r < .50) between attendance at a cardiac rehabilitation 

program and change in 10 m ISWT distance. 

There was a significant weak positive correlation between the number of exercise 

classes attended over an eight-week comprehensive cardiac rehabilitation program 

and the change in the distance walked in the 10 m ISWT (Table 5.26). There were no 

differences in attendance rates based on gender or likelihood of depression. This 

hypothesis was supported. 

Table 5.26 

Association between the Change in 10 m ISWT Distance Walked and the Number of 

Cardiac Rehabilitation Sessions Attended 

Tests r 
95% CI 

r2 LL UL 
ISWT 1 and 3 .472 .229 .660 .223 

ISWT 1 and 4 .475 .232 .662 .226 

ISWT 2 and 3 .469 .225 .658 .220 

ISWT 2 and 4 .478 .236 .664 .228 

Note. r = Pearson’s product-moment correlation coefficient; CI = confidence intervals; LL = 
lower limit; UL = upper limit; r2 = coefficient of determination. 
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5.4.3.5 Hypothesis 5.12: participants who report improvement in 

Global Rating of Change will demonstrate a greater improvement 

in the 10 m ISWT distance over an eight-week outpatient cardiac 

rehabilitation program than those who report no change or 

deterioration in Global Rating of Change. This difference will be 

statistically significant. Those who report no change or a 

deterioration in Global Rating of Change will not show a 

statistically significant difference in the change in 10 m ISWT 

distance. 

There was a significant difference between the 10 m ISWT change scores and global 

rating of change categories for all walk test combinations (Table 5.27). Post-hoc 

comparisons showed that there was a statistically significant difference in the 10 m 

ISWT change score in those who reported an improvement in global rating of change 

compared with those who reported to be either unchanged (p < .001) or deteriorated 

(p < .001) for all walk combinations. Post-hoc comparisons showed no significant 

difference in the distance walked between those participants reporting no change and 

those who reported deterioration in their global rating of change. This hypothesis was 

supported.  
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Table 5.27 

Change in 10 m ISWT Distance based on Global Rating of Change 

 Change in 10 m ISWT (m) M (SDdiff)  
Tests  Improvement No Change Deterioration F(2,49) p 

Walk 1 and 3 143 (57) 57 (21) 17 (40) 30.318 .001 

Walk 1 and 4 165 (69) 66 (22) 21 (34) 37.615 .001 

Walk 2 and 3 125 (56) 40 (19) 4 (40) 28.721 .001 

Walk 2 and 4  146 (57) 49 (20) 8 (35) 38.212 .001 

 

Table 5.28 provides a summary of results of the hypothesis testing for the construct 

validity of the baseline scores and the longitudinal validity of the change scores.  

5.5 Discussion 

This study evaluated the evidence for the construct validity and responsiveness of the 

10 m ISWT as a measure of physical fitness and functional capacity in a mixed 

outpatient cardiac rehabilitation population. The COSMIN framework was used. 

Overall, 92% of the a-priori hypotheses were at least partially supported. One (8%) 

hypothesis was rejected. The results provide evidence of construct validity and 

responsiveness to support the use of the 10 m ISWT as part of a pre-program 

assessment for a comprehensive cardiac rehabilitation program and as a test 

responsive to changes in physical fitness and functional capacity over a mixed 

outpatient cardiac rehabilitation program.  
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5.5.1 Evidence for construct validity of the 10 m ISWT. 

This chapter provides further support that the distance walked in the 10 m ISWT 

provides information on physical fitness and functional capacity of patients attending 

a mixed outpatient cardiac rehabilitation program. In this current study, seven 

hypotheses relating to construct validity were tested and the results demonstrated 

convergent themes between the 10 m ISWT and commonly used outcomes relating to 

physical fitness or functional capacity in a mixed cardiac rehabilitation group, as well 

as divergent themes between the 10 m ISWT and commonly used outcome measures 

that do not specifically relate to physical fitness or functional capacity. There were 

two significant positive associations between the distance walked in the 10 m ISWT 

and commonly used outcome measures, specifically the self-reporting of the amount 

of weekly exercise and physical functioning and the reporting of functional activity 

through the MOS SF-36 Physical Function scale score. Those patients who reportedly 

met national exercise guidelines, and exercised regularly at a moderate intensity, 

walked further in the 10 m ISWT than those patients who reported exercise at an 

insufficient intensity, frequency or duration to meet the national exercise guidelines, 

or those who were sedentary. The hypothesis that those who participate in some form 

of exercise despite being less than the national guidelines for intensity, frequency or 

duration will perform better in the 10 m ISWT than those who were sedentary was 

also supported. The accuracy of participant reporting is unknown, and it is possible 

that participants in this study over-reported their participation in physical activity 

(Beyler, Nusser, Fuller, & Gregory, 2008). Nonetheless, these findings support 

previous reports in the literature that even low-intensity exercise can be beneficial in 

improving physical fitness and functional capacity in patients with cardiac disease 
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(Wright et al., 2001), and presents new evidence that the 10 m ISWT is able to 

differentiate between these groups of people.  

Functional activity was measured by the MOS SF-36 scale Physical Functioning and 

it was found to correlate moderately with the 10 m ISWT. Five of the 10 questions in 

MOS SF-36 scale Physical Functioning specifically relate to how a participant’s 

health limits him or her in vigorous activities such as running, lifting heavy objects, 

participating in strenuous sport; and moderate activities, such as moving a table, 

pushing a vacuum cleaner, bowling or playing golf, lifting or carrying groceries, 

climbing several flights of stairs and walking more than a kilometre. These results are 

consistent with earlier research presenting a significant moderate association between 

the distance walked in the 6MWT and the MOS SF-36 Physical Functioning scale in 

cardiac rehabilitation (Hamilton & Haennel, 2000). There appears to be a stronger 

association when using clinically-available outcome measures such as distance 

walked in functional walk tests, such as the 6MWT or the 10 m ISWT, compared with 

less functional testing such as incremental treadmill tests that include both incline and 

speed increases (Brubaker et al., 2003; Jette & Downing, 1996) or other physiological 

outcome measures, such as peak oxygen uptake (Jette & Downing, 1996).  

The hypothesis that there would be no significant difference in the distance walked in 

the 10 m ISWT for those who presented to a mixed outpatient cardiac rehabilitation 

program with likely depression compared with those with unlikely depression was 

observed. However, the hypothesis that there would be a significant difference in the 

distance walked between the two groups at completion of cardiac rehabilitation was 

not observed. The likelihood of depression or depressive symptoms did not result in a 

statistically significant change in the 10 m ISWT during the pre-program assessment 
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and the post-program assessment, although there appeared to be a non-significant 

trend that those with likely depression walked less on the 10 m ISWT compared with 

those with unlikely depression. It is possible that the non-significant findings are a 

reflection that the length of time the participants experienced depressive symptoms 

was insufficient to affect physical fitness and functional activity, or it is possible that 

the findings were a result of type II errors and a significant difference may have been 

detected in a larger sample size. There was a greater difference in scores in the post-

program assessment and this difference approached significance for both ISWT 3 and 

ISWT 4 and may reflect the additional time that the participants had experienced 

depressive related symptoms. In addition, the BCD has been reported to have poor 

specificity (Jefford et al., 2004); meaning that patients may have been incorrectly 

identified as having likely depression and, it is not known how many of the 10 

patients were incorrectly identified. Additionally, it is not known how many of these 

patients were experiencing major depressive symptoms compared with minor 

depressive symptoms, and the impact of major depression on the walk distance score 

compared with minor depressive-related symptoms. It is not known whether using a 

different tool to detect depression in patients attending cardiac rehabilitation would 

have resulted in different findings. The uneven group sizes may have resulted in an 

underestimation of the true differences. These results suggest that at baseline there 

were no statistically significant differences in walk distance for those with likely 

depression, compared with those without likely depression identified using the BCD 

and further investigation is needed.  

There were three unexpected findings in the study. First, that the results did not 

support an inverse association between the 10 m ISWT distance walked and measures 
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of adiposity; second, that there was a non-significant association between the pre-

program MOS SF-36 Role Physical scale score and the distance walked in the 10 m 

ISWT, and third, the gender differences from the association between the exercise 

self-efficacy score and the distance walked in the 10 m ISWT. For measures of 

adiposity, the results demonstrated a weak positive association between the waist-hip 

ratio and the distance walked in the 10 m ISWT. Further analysis showed this result 

was potentially misleading, and that when men and women were analysed 

independently the results showed a lack of association. The positive association seen 

in the sample is likely to be a result of the confounding effect of gender groups: the 

men in this sample were more likely to walk significantly further in the 10 m ISWT 

than women; and men are more likely to have upper-body obesity and thus higher 

waist:hip ratios than women who typically have lower-body obesity (Vague, 1956). 

The absence of the association between the 10 m ISWT and BMI when taking account 

of gender may be a result of the homogeneous group, with 81% of participants being 

overweight or obese.  

The association between the pre-program MOS SF-36 scale score for Role Physical 

and the distance walked in the 10 m ISWT was not supported. It is possible that the 

MOS SF-36 scale score for Role Physical was more strongly affected by other factors 

such as individual reservations about returning to usual activities, professional advice 

given on movement restrictions, or return to activities. These findings support the 

findings of earlier research that found limitations in the completion of heavy 

housework was due to reservations around the diagnosis of heart disease rather than 

exercise capacity (Neill et al., 1985). In comparison, there was a positive weak 

association between MOS SF-36 scale score for Role Physical and the 10 m ISWT 
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distance at the post-program assessment, suggesting that people who experience fewer 

limitations with their work or other daily activities due to their physical health also 

perform better on the 10 m ISWT. It is possible that over the duration of cardiac 

rehabilitation the movement and other restrictions, as well some of the fear and 

avoidance behaviours, were lessened in the higher functioning group, and that this 

was reflected in the weak correlation between the two outcomes.  

The study reported a weak association between the exercise self-efficacy scores and 

the distance walked in the 10 m ISWT at the post-program assessment, but not with 

the pre-program scores. Unexpectedly, strong correlations were observed during both 

the pre-program and the post-program assessment for the women in the study. It is 

possible that the women in this study were more accurately able to determine how 

different factors affected their ability to exercise on most days of the week. This 

finding remains unexplained and requires further investigation.  

The evidence for the construct validity was supported through a-priori hypothesis 

testing. This chapter also demonstrated that there was support for the construct 

validity when one 10 m ISWT was performed and provided further evidence that one 

10 m ISWT is sufficient in this population.  

5.5.2 Evidence for responsiveness of the 10 m ISWT. 

The second aim of this chapter was to assess the responsiveness or longitudinal 

construct validity of the 10 m ISWT as a measure of physical fitness and functional 

capacity in a mixed cardiac rehabilitation group. The results support the usefulness of 

the 10 m ISWT as a measure of change in physical fitness and functional capacity 
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over an eight-week mixed outpatient cardiac rehabilitation program. The a-priori 

hypothesis testing yielded support for both the internal and the external 

responsiveness of the 10 m ISWT in this population and context. 

The internal responsiveness was supported by the statistically significant change in 

walk test scores as well as the moderate effect size across the outpatient program. In 

this study, average walk distance improved by just over 100 m or 10 shuttles. These 

findings are consistent with the range of distances reported in earlier research. The 

improvements seen in this study were greater than the 82 m and moderate effect size 

reported by Fowler et al. (Fowler et al., 2005) after a six-week program, and less than 

the improvements reported following 12-week programs (Frizelle et al., 2004; Tobin 

& Throw, 1999). Additional support for the 10 m ISWT as a responsive tool in this 

context was the positive rating for floor and ceiling effects. All participants completed 

at least one shuttle and during the pre-program assessment, no participant completed 

all levels of the test. The results support the 10 m ISWT as a suitable tool to detect 

change when it does occur in patients with cardiac disease who attend an eight-week 

program.  

The hypothesis that the presence of depression or depressive symptoms would affect 

the change in 10 m ISWT results was mixed, but in general showed support that those 

with unlikely depression performed better in a cardiac rehabilitation program than 

those with likely depression. As expected the p-values were smaller and the effect 

sizes greater for the group of patients with unlikely depression compared with the 

group of patients with likely depression. The change in the distance walked between 

the first pre-program and the first post-program 10 m ISWT, as well as the second 

pre-program and the second post-program 10 m ISWT, were not statistically 
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significant but the p-values both approached .05. These results may have been 

affected by the small sample size of the likely depressed group. These results support 

previous reports in the literature that patients with depression who attend cardiac 

rehabilitation and do not receive specific intervention for their depression do not 

achieve the same outcomes as those patients without depression (Glazer et al., 2002). 

The results of this study support the external responsiveness of the 10 m ISWT in a 

mixed cardiac rehabilitation group. The hypothesis, that there would be a statistically 

significant difference in the change in 10 m ISWT distance for the group who rated 

themselves as improved compared with the groups who rated themselves as 

unchanged or deteriorated, was supported. This is the second study that has presented 

information on the external responsiveness of the 10 m ISWT in a mixed cardiac 

rehabilitation program and the results of this study support the results of the earlier 

study (Houchen-Wolloff et al., 2015).  

In addition, this is the first study to report the associations between attendance at 

cardiac rehabilitation and change in 10 m ISWT distance. While attendance is a crude 

measure of adherence, it can be considered a reflection of self-regulatory self-efficacy 

(Woodgate et al., 2005). In this study, there was a weak but significant association 

between attendance and change in 10 m ISWT distance walked. Further research is 

required to understand this association.  

One unexpected result was finding no association between the change in MOS SF-36 

Physical Function scale score and the change in 10 m ISWT. No explanation for this 

finding can be offered, and further research is needed to understand the relationship 
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between changes in health-related quality of life, in particular self-reporting of 

physical function, and the change in the 10 m ISWT. 

The responsiveness or longitudinal construct validity was supported by the results of 

various other a-priori hypothesis testing comparing the change scores of the distance 

walked in the 10 m ISWT with scores from other common assessment scores. 

Furthermore, the results of this chapter provide support that the level of systematic 

error in the 10 m ISWT does not affect the validity when a single test is performed. In 

general, there were no differences in the results of the responsiveness when one test or 

a second test was performed during an assessment. There appeared to be variation in 

results if a different number of tests were performed, such as one test during the pre-

assessment and two tests during the post-assessment. The results reinforce the 

findings of Chapter 4 that a single 10 m ISWT is sufficient in this population. 

5.5.3 Limitations and future directions. 

This study was limited to measuring responsiveness through a longitudinal construct 

validity design. An alternative research design would be to measure responsiveness 

with a criterion approach (de Vet et al., 2011, p. 206). However, the use of laboratory 

exercise testing in pre-program and post-program cardiac rehabilitation in this region 

is extremely rare and recruitment would not have been practical. Additionally, it 

would be useful to test further a number of the hypotheses relating to gender, 

depression and exercise self-efficacy with a larger sample size: Terwee et al. (2007) 

recommends 50 participants in each group for analysis. While the self-reported 

measures of home exercise provided a useful analysis in this study, it would be useful 

to compare the results of the 10 m ISWT with results of more formal measures of 
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physical activity, including exercise, such as with the use of accelerometers or 

standardised questionnaires.   

5.5.4 Implications. 

This study adds to the current knowledge of the 10 m ISWT in a mixed cardiac 

rehabilitation population. It followed the recommendations of the COSMIN group, 

and through hypothesis testing demonstrated support that the 10 m ISWT measures 

what it purports to measure and is responsive in a mixed outpatient cardiac 

rehabilitation program. It provides new knowledge of construct validity of the 10 m 

ISWT, such as the relationship between functional outcomes of the 10 m ISWT with 

reported home exercise activity, attendance at cardiac rehabilitation and other cardiac 

rehabilitation assessment tools. The results suggest that the 10 m ISWT is an 

appropriate tool to measure responsiveness in a program and can be used to measure 

program effectiveness, and when functional outcome measures are used, the response 

can be seen after an eight-week program.  
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Chapter 6: The Interpretation of Change in the 10 m ISWT Distance in 

Cardiac Rehabilitation 

6.1 Chapter Aims 

This study addressed secondary research aim 9, specifically to assess the 

interpretability of the 10 m ISWT when used in cardiac rehabilitation. The framework 

and definitions provided by the COSMIN group (Mokkink et al., 2010c) were 

followed to estimate the SDC, and the MIC in the 10 m ISWT over an eight-week 

comprehensive cardiac rehabilitation program. In addition, a description of the 

presence of any significant floor and ceiling effects. 

6.2 Introduction 

Meaningful change has emerged as a key concept in interpretability of measurement, 

and has been defined by the COSMIN group as the degree to which qualitative 

meaning can be applied to test scores (Mokkink et al., 2010a, 2010c). Meaningful 

change provides information beyond the statistical significance of the change score. 

Two key concepts are the SDC, which is the smallest amount of change that can be 

detected over and above measurement error (de Vet et al., 2011, p. 258; Terwee et al., 

2007), and the MIC. The MIC is the smallest amount of change that is meaningful or 

perceived as important and is typically from the perspective of the patient, but it may 

be from the perspective of the clinician or an institution.  
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The SDC for the 10 m ISWT distance walked has been reported in Chapter 3 and in 

previous literature as the 95% confidence intervals for the individual or the group. In 

Chapter 3 the SDC for the group (n = 62) was 23 m and the individual was 54 m after 

a single walk. Previous research in different cardiac rehabilitation populations have 

reported the SDC for the group to range from 26 to 56 m (Fowler et al., 2005; Jolly et 

al., 2008; Pepera, McAllister, & Sandercock, 2010) and for the individual to range 

from 53 to 203 m (Fowler et al., 2005; Pepera et al., 2010; Pulz et al., 2008).  

One study has reported the MIC in distance walked in the 10 m ISWT following a six-

week outpatient cardiac rehabilitation exercise intervention (Houchen-Wolloff et al., 

2015). The MIC was calculated two ways and the results varied. The MIC from the 

anchor-based method that used a global rating of change score as the anchor was 

70 m. In comparison, the MIC from the distribution-based method, that calculated the 

standard deviation of the change score and effect size, was 37 m with a small effect 

size. The authors concluded that the larger MIC, calculated using an anchor-based 

approach, was a result of patient expectations of improvement in exercise ability over 

a cardiac rehabilitation course (Houchen-Wolloff et al., 2015). These results suggest 

that patients who attend cardiac rehabilitation need to improve by more than three 

shuttles and possibly up to seven on the 10 m ISWT to rate themselves as improved. 

Further research is needed to investigate the MIC in this population.  

Previous research has reported the statistical significance of the change in the 10 m 

ISWT distance after a cardiac rehabilitation intervention (Arnold, Sewell, & Singh, 

2007; Fowler et al., 2005; Robinson et al., 2011). In Chapter 5, a mean difference of 

103 m, 95% CI [82, 123] was reported after an eight-week comprehensive cardiac 

rehabilitation program. Arnold et al. (2007) found improvements of 101 m, 95% CI 
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[81, 121] and 88 m, 95% CI [20, 107] in patients attending once-weekly and twice-

weekly six-week cardiac rehabilitation programs. Robinson et al. (2011) reported an 

improvement of approximately 60 m following either a traditional or a fast-tracked 

six-week cardiac rehabilitation program and this improvement was statistically 

significant. The researchers also reported that those participants who went on to 

complete a maintenance program and were still exercising at six months, 

demonstrated a statistically significant mean improvement of 40 m, (p = .03) 95% CI 

[4, 77]. Fowler et al. (2005) reported an improvement of 82 m, 95% CI [53, 110] 

following a six-week cardiac rehabilitation exercise intervention. Another study 

demonstrated a non-significant mean improvement of 7 m, 95% CI [-29, 44] over an 

eight-week period where participants were involved in an ongoing program designed 

to maintain functional capacity (Pepera et al., 2010). While the changes in 10 m 

ISWT walk distance after a cardiac rehabilitation program designed to improve 

physical fitness and functional capacity are often statistically significant, the 

meaningfulness or interpretability of the change scores, that is whether the changes 

exceed the SDC or MIC, remains unknown. 

The purpose of this study was to contribute to the limited research on the 

interpretability of change scores for the 10 m ISWT in a cardiac rehabilitation 

population. Specifically, this research aimed to determine the SDC, as well as the 

MIC, using a variety of methods in a prospective cohort of patients referred to a 

mixed outpatient cardiac rehabilitation program.  
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6.3 Method 

6.3.1 Ethics approval and consent. 

Ethics approval was granted by La Trobe University, University Human Ethics 

Committee (reference number 10-082), and St John of God Health Care Human 

Research Ethics Committee (reference number 438) (see Appendix 2). All 

participants enrolled in the investigation read and signed a Participant Information 

and Consent Form that was approved by the relevant ethics committees (see Appendix 

3). 

6.3.2 Participants. 

Participants were recruited on admission to a cardiac rehabilitation program. 

Eligibility criteria for participants have been described in Chapter 3, Section 3.3.2. 

The recruitment of participants for this study was described in Chapter 5, Section 

5.3.2.2.  

6.3.3 Procedure. 

The procedure for this study was described in detail in Chapter 5, Section 5.3.3. 

6.3.3.1 Pre-program assessment. 

The pre-program assessment was described in Chapter 5, Section 5.3.3.1. Participants 

completed an initial subject and physical assessment to record baseline details and 

then two 10 m ISWTs in a single session (ISWT 1 and ISWT 2).  
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6.3.3.2 Intervention. 

Participants completed an eight-week outpatient comprehensive cardiac rehabilitation 

program as described in Chapter 5, Section 5.3.3.2.  

6.3.3.3 Post-program assessment. 

In a single session, participants completed a subjective and physical assessment to 

record general information, a specific assessment of a global rating of change score, 

and two 10 m ISWTs in a single session (ISWT 3 and ISWT 4). The post-program 

assessment was described in detail in Chapter 5, Section 5.3.3.3.  

6.3.3.4 Outcome measures. 

6.3.3.4.1 Baseline demographic information. 

Baseline demographic information occurred during the initial assessment of patients 

as described in Chapter 5, Section 5.3.3.4. 

6.3.3.4.2 10 m ISWT. 

The two 10 m ISWTs were completed according to the description in Chapter 3, 

Section 3.3.3.2 and Chapter 5, Section 5.3.3.6.   
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6.3.3.4.3 Global rating of change scale. 

During the post-program assessment, before the completion of the 10 m ISWTs, 

participants were asked to score their global rating of change on a 5-point Likert scale 

(de Vet et al., 2011, pp. 214-215). The response options were: improved significantly, 

improved a little, about the same, slightly worse, or significantly worse. The results of 

the global rating of change were then recoded into three categories: improved, 

unchanged and deteriorated. Improved significantly and improved a little were 

recoded to improved, and slightly worse or significantly worse were recoded to 

deteriorated. 

6.3.4 Statistical analysis. 

Participant characteristics were recorded to allow description of the study sample 

according to the global rating of change, including the percentage of respondents with 

the lowest and highest possible scores (de Vet et al., 2011, p. 228). The scores and 

change scores for the three groups of participants were described and checked for any 

statistically significant difference in the distance walked between the three groups.  

6.3.4.1 Smallest detectable change. 

The SDC was calculated using the 95% confidence intervals or limits of agreement 

for both the group, as well as the individuals (de Vet et al., 2011, pp. 242-243). 

Confidence intervals for the group mean scores were calculated using the following 

equation (Taylor, Dodd, et al., 2004): 
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95% = ± . ×

√
 

Where Mdiff is the mean difference of retest minus test scores and takes into account 

the systematic error, SDdiff is the standard deviation of the differences between retest 

and test scores, n is the number of participants and t0.975 is the critical value for t with 

a two-tailed test at that sample size. 

The 95% confidence intervals or limits of agreement for the individual change score 

were calculated for n = 1 (Taylor, Dodd, et al., 2004): 

95% = ± . ×  

The SDC was interpreted as the change that falls outside of these limits of agreement.  

6.3.4.3 Reliable change index. 

The reliable change index (RCI) is another method for observing if the change that 

has occurred in an individual is beyond measurement error or the SDC, in other words 

true change. The RCI for an individual is calculated using the formula: 

( − ) √2 ×⁄  (Jacobson & Truax, 1991). An RCI of 1.96 or greater 

reflect real change with 95% confidence. Using the RCI, the change score that must 

be exceeded to be interpreted as true change with 95% confidence was calculated by:  

95% = ±1.96 × 2 ×  
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The number of participants who exceeded the 95% limit cut-off points were reported 

for the change scores of the first pre- and post- walks and the second pre- and post- 

walks.  

6.3.4.4 Minimal important change. 

Both the MIC reflecting participants’ perceived improvement in physical fitness and 

functional capacity over a cardiac rehabilitation program, and the MIC reflecting 

participants’ perceived deterioration in physical fitness and functional capacity over a 

cardiac rehabilitation program, were estimated. The MIC for improvement and 

deterioration perceived by the participant was determined three ways: first, by using 

95% limit cut-off points (MIC95%Cut off); second by using receiver operating curve 

(ROC) analysis (MICROC) (de Vet et al., 2007; de Vet et al., 2011, p. 246); and third, 

using predictive modelling (MICpred) (Terluin, Eekhout, Terwee, & De Vet, 2015). 

The MIC values were calculated for the change scores between the first walks 

completed before and after cardiac rehabilitation (i.e., ISWT 1 and ISWT 3) and the 

second walks completed before and after cardiac rehabilitation (i.e., ISWT 2 and 

ISWT 4).  

6.3.4.4.1 Minimum important change using 95% limit cut-off points. 

The MIC values were first estimated using the 95% limit cut-off points (MIC95%cutoff). 

These scores reflect the variability of the sample who rated themselves as unchanged 

according to the global rating of change anchor (de Vet et al., 2007), and were 
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unrelated to the distribution of the sample who rated themselves as improved or 

deteriorated. They were calculated using the following formula: 

95%   =  ℎ ± 1.645 ×  

Where 1.645 was a constant corresponding to the 5% upper and lower limit of a one-

tailed test (de Vet et al., 2007). 

6.3.4.4.2 Minimal important change using ROC analysis. 

The MIC values for improvement and deterioration were also estimated using ROC 

curve analysis (MICROC). This method used the global rating of change scale as an 

external criterion as an anchor to determine the optimal ROC curve cut-off points for 

discriminating between patients who had improved or deteriorated, and those patients 

who were unchanged (de Vet et al., 2007). Equal weighting was placed on minimising 

the false positives and false negatives, so the ROC curve cut-off was the value that 

corresponded with the least misclassification, determined by the sum of percentages 

of false positive and false negative classification. In other words, the optimal cut-off 

point maximised the score for [1 − ] + [1 − ] (de Vet et al., 

2007). 

6.3.4.4.3 Minimal important change using predictive modelling. 

The third method to predict the MIC was using predictive modelling (MICpred). Here, 

the MICpred with 95% confidence intervals for improvement and deterioration were 

calculated according to the method described by Terluin et al. (2015). Logistic 
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regression analysis was performed for the improved and unchanged groups and the 

deteriorated and unchanged groups for the equation: 

ln = + ×  

Where oddspost was the post-test odds of being improved (or deteriorated) based on an 

initial pre-cardiac rehabilitation 10 m ISWT distance, C represented the intercept, BX 

the regression coefficient of the change score and X the change score. Using this 

method, Terluin et al. (2015) defined the MICpred as the score that corresponded to a 

likelihood ratio (LR) of one, meaning that the probability of belonging to the 

improved (or deteriorated) group was equal to the probability of being improved (or 

deteriorated): 

=
ln −

 

Where, oddspre equals 1 for a LR of 1, given the formula: = ⁄ .  

The MICpred 95% confidence intervals were calculated according to Terluin et al. 

(2015). In addition, the likelihood ratio and post-test probability with 95% confidence 

intervals for improvement and deterioration were calculated to develop a predictive 

framework for interpreting the change scores in a cardiac rehabilitation population.  



 

202 
 

6.4 Results 

6.4.1 Characteristics of the sample. 

Fifty-two patients completed two 10 m ISWTs prior to, and two 10 m ISWTs after an 

outpatient cardiac rehabilitation program. The characteristics of the sample were 

reported in Chapter 5, Section 5.4.1.  

6.4.1.1 Global rating of change. 

The perceived global rating of change was assessed at the post-program assessment. 

Of the 52 participants, 32 reported an improvement in their global rating of change, 

10 reported their global rating of change was unchanged and 10 reported deterioration 

in their global rating of change (Table 6.1).  

Table 6.1  

Characteristics of the Sample According to Global Rating of Change 

 Global Rating of Change score   
 Deteriorated  Unchanged  Improved  F(2,49) p 

Gender (M:F) (n) 8:2 7:3 25:7 - - 

Age years (SD) 72 (13) 73 (10) 65 (9) 3.201 .049 

Height cm (SD) 173 (7) 166 (9) 173 (6) 4.051 .024 

Weight kg (SD) 84 (11) 76 (11) 87 (11) 2.456 .096 

BMI kg.m-2 (SD) 28 (3) 28 (5) 29 (5) .367 .694 

 

There was a significant difference between the improved and unchanged group for 

age (p = .035), but not for other comparisons. For height, there was a significant 
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difference between both the deteriorated and unchanged group (p = .033), and the 

improved and unchanged groups (p = .008). There was no difference in global rating 

of change according to gender χ2 (2, n = 52) = .349, p = .840.  

6.4.1.2 10 m ISWT results according to the global rating of change. 

The distance walked in the 10 m ISWTs according to global rating of change are 

summarised in Table 6.2. There were no statistically significant differences in walk 

distances at pre-program assessment (ISWT 1 and ISWT 2) according to the global 

rating of change: deteriorated, unchanged, and improved. There were statistically 

significant differences in the post-program 10 m ISWT distances (ISWT 3 and ISWT 

4) according to the global rating of change: deteriorated, unchanged, and improved 

(Table 6.2). For ISWT 3, post hoc analysis showed a statistically significant 

difference between the improved group and the unchanged group (Mdiff 172 m p = 

.012, 95% CI [39, 305]), and the improved group and deteriorated group (Mdiff 238 m 

p = .001, 95% CI [105, 371]). For ISWT 4, post hoc analysis showed a statistically 

significant difference between the improved group and the unchanged group (Mdiff = 

184 m, p = .008, 95% CI [50, 318]), and the improved group and deteriorated group 

(Mdiff = 255 m, p < .001, 95% CI [121, 389]). For both ISWT 3 and ISWT 4, the 

difference between the distance walked for the deteriorated and unchanged groups 

were not statistically significant.  
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Table 6.2 

10 m ISWT Distance based on Global Rating of Change 

 10 m ISWT (m) M (SD)   
Test Deteriorated  Unchanged  Improved  F(2,49) p 

ISWT 1 305 (131) 331 (142) 416 (172) 2.387 .103 

ISWT 2 318 (130) 348 (139) 435 (172) 2.625 .083 

ISWT 3 322 (130) 388 (145) 560 (205) 8.056 .001 

ISWT 4 326 (128) 397 (151) 581 (205) 9.138 < .001 

 

Table 6.3 summarises the change scores across the cardiac rehabilitation program 

according to the global rating of change. There was a statistically significant 

difference for improvement in walk distance between the three groups over an eight-

week cardiac rehabilitation program. When the first tests were used (i.e., ISWT 1 and 

ISWT 3), post hoc analysis showed a statistically significant difference in the change 

scores of the improved group, compared with both the unchanged group (Mdiff = 86 m, 

p < .001, 95% CI [90, 162]), and the deteriorated group (Mdiff = 126 m, p < .001 95% 

CI [91, 162]). There was no statistically significant change in the deteriorated and 

unchanged group (Mdiff = 40 m, p = .076, 95% CI [-4, 84]). When the second tests 

were used (i.e., ISWT 2 and ISWT 4), post hoc analysis showed a statistically 

significant difference in the change scores of the improved group, compared with both 

the unchanged group (Mdiff = 97 m, p < .001, 95% CI [62, 132]), and the deteriorated 

group (Mdiff = 138 m, p < .001, 95% CI [103, 173]). There was no statistically 

significant change in the deteriorated and unchanged group (Mdiff = 41 m, p = .063, 

95% CI [-2, 84]). 
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Table 6.3 

Change in 10 m ISWT Distance Walked based on the Global Rating of Change 

 10 m ISWT change scores m (SDdiff)   
Tests Deteriorated  Unchanged  Improved  F(2,49) p 

∆ISWT 1 to 3 17 (40) 57 (21) 143 (52) 30.318,  < .001 

∆ISWT 2 to 4 8 (35) 49 (20) 146 (57) 38.212 < .001 
Note. A positive score indicates an increase in distance walked post-program 

For all groups, the mean change in 10 m ISWT distance increased over an eight-week 

cardiac rehabilitation program (Table 6.3). There was a significant increase between 

the pre-program and post-program change in 10 m ISWT distances for the improved 

group (Walk 1 and 3: t(31) = 14.207, p < .001, 95% CI [123, 164], and Walk 2 and 4: 

t(31) = 14.537, p < .001, 95% CI [125, 166]), and the unchanged group (Walk 1 and 

3: t(9) = 8.761, p < .001, 95% CI [42, 72] and t(9) = 7.869, p < .001, 95% CI [35, 

63]). For the deteriorated group, there were no significant changes between pre-

program and post-program distances (Walk 1 and 3: t(9) = 1.353, p < .209, 95% CI [-

11, 45], and Walk 2 and 4: t(9) = .732, p = .483, 95% CI [-17, 33]).  

6.4.2 Smallest detectable change. 

The SDC scores were derived from the 95% confidence intervals of the 10 m ISWT 

distance walked in the pre-program assessment (Table 6.4). Using the results from the 

two 10 m ISWTs that occurred at the pre-program assessment (ISWT 1 and ISWT 2), 

the SDC for the group was 22 m and for the individual was 47 m. The results were 

similar using the results from the two 10 m ISWTs that occurred at the post-program 

assessment (ISWT 3 and ISWT 4), the SDC for the group was 22 m and for the 

individual was 58 m. 
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Table 6.4 

The 95% Confidence Intervals for the Group and Individual (Limits of Agreement) for 

the Change in 10 m ISWT Distance when Repeated in a Single Session 

 Mdiff (m) 
(SDchange) 

Group 95% CI Individual 95% CI 
Tests LL UL LL UL 

∆ISWT 1 and 2 17 (14) 13 21 -12 46 

∆ISWT 3 and 4 16 (21) 10  21 -26 57 

 

6.4.3 Reliable change index. 

The cut-off value for the reliable change score with 95% confidence was 44 m, and 

was based on the SEMabsolute of 16 m for the sample. The percentage of participants 

whose change scores exceeded this cut off when one test was performed (i.e., ISWT 1 

and ISWT 3) was 83% (n = 43) and when the results of the second test were used (i.e., 

ISWT 2 and ISWT 4) was 77% (n = 40).  

6.4.4 Minimal important change. 

The MIC was calculated for improvement and deterioration over an eight-week 

comprehensive cardiac rehabilitation program. The predicted MIC for participants to 

report an improvement ranged from 70 to 92 m. The predicted MIC for patients to 

report unchanged, and not a deterioration, ranged from 16 to 42 m (Table 6.5).  
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The sensitivity and specificity at the MICROC for improvement was good. Sensitivity 

was 91% and specificity was 100%. In other words, assuming a MICROC of 85 m 

represents meaningful improvement: 9% of the patients who rated themselves as 

improved were misclassified as unchanged. All patients who rated themselves as 

unchanged were correctly classified.  

The results of the logistic regression are presented in Tables 6.6 and 6.7. The 

predictive framework showing meaning to the change scores is shown in Tables 6.8 

and 6.9. For example, a patient with a change score of 100 m, based on the results of a 

single test in each session (i.e., ISWT 1 and ISWT 3), has a likelihood ratio of 8, 95% 

CI [2, 40] and a probability of being improved of 89%, 95% CI [62, 98]. 

Table 6.6 

Logistic Regression results for the Groups that Rated Global Rating of Change as 

Improved and Unchanged 

Test Intercept (C) se (C) 
Regression 

coefficient (B) se (B) r (C-B) 
∆ISWT 1 to 3 -5.119 1.985 .072 .025 -.959 

∆ISWT 2 to 4 -8.509 3.816 .122 .052 -.983 

Note. Intercept (C) = constant of the regression equation; se (C) = standard error of the 
intercept (C); se (B) = standard error of the regression coefficient; r(C-B) = correlation 
coefficient between the intercept (C) and the regression coefficient (B).  
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Table 6.7 

Logistic Regression Results for the Groups that Rated Global Rating of Change was 

Deteriorated and Unchanged 

 Intercept (C) Se (C) 
Regression 

coefficient (B) SE (B) r (C-B) 
∆ISWT 1 to 3 2.553 1.506 -.061 .031 -.929 

∆ISWT 2 to 4 2.542 1.386 -.079 .038 -.903 

Note. Intercept (C) = constant of the regression equation; se (C) = standard error of the 
intercept (C); se (B) = standard error of the regression coefficient; r(C-B) = correlation 
coefficient between the intercept (C) and the regression coefficient (B).  

  

6.5 Discussion 

This study presented thresholds for the MIC of the 10 m ISWT distance perceived by 

a patient over a mixed outpatient cardiac rehabilitation program. The MIC for patients 

to perceive any improvement in physical fitness and functional capacity ranged from 

70 to 92 m. The MIC for patients who reported any deterioration in physical fitness 

and functional capacity ranged from 16 to 42 m. The MIC thresholds variation were 

due to the statistical method used and whether one or two tests were performed in 

each session.  
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This was the first study to use predictive modelling to report the MIC with 95% 

confidence intervals for the 10 m ISWT distance over the duration of an eight-week 

comprehensive cardiac rehabilitation program. When binary logistic regression was 

used, the MIC for improvement in physical fitness and functional capacity was 71 m, 

95% CI [45, 89] when one test was performed, and 70 m, 95% CI [43, 86] when a 

second test was performed in a single session. In other words, when one test is 

performed in each session, a change score of 71 m means the likelihood of being 

improved exceeds the average probability of being unchanged (Terluin et al., 2015). 

These findings are consistent with the previously published MIC of 70 m for patients 

to rate their performance as slightly better, and 85 m for patients to rate their 

performance as better over a six-week cardiac rehabilitation program (Houchen-

Wolloff et al., 2015).  

The MIC obtained from binary logistic regression was similar when one test or two 

tests were performed, thereby providing further support that a practice walk test is not 

required. However, the MIC95%cutoff ranged from 92 m when one walk test was 

performed and 85 m when a second walk test was performed. The MIC95%cutoff is a 

distribution-based method for calculation of the MIC, and is based on the variability 

of the sample who rated their physical fitness and functional capacity as unchanged. 

The variation may have been a result of the small sample size for the unchanged 

group (n = 10) and would need further investigation. 

The threshold for the MIC for improvement in physical fitness and functional capacity 

over an outpatient cardiac rehabilitation was higher than the SDC. For the individual, 

the limits of agreement calculated between the first and second walk, completed 

before cardiac rehabilitation, were -12 to 46 m. A change score within this range on 
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the 10 m ISWT could not be detected as true change. This study showed the SDC to 

be 47 m, which approximates the lower 95% confidence limits of the MICpred of 45 

and 43 m and provides further support of the clinical relevance and interpretability of 

the 10 m ISWT in this population (Scholtes et al., 2011).  

An unexpected finding was that cardiac rehabilitation participants did not perceive 

small improvements in the 10 m ISWT distance as meaningful improvements in their 

physical fitness and functional capacity. Small improvements may even be associated 

with a self-rated deterioration in physical fitness and functional capacity. The MIC for 

patients to detect a deterioration in physical fitness and functional capacity was 

different to that for improvement. The MICpred for deterioration and using binary 

logistic regression was 42 m, 95% CI [-793, 90] when one test was performed, and 32 

m, 95% CI [-19, 71] when a second test was performed. This is an important 

consideration in clinical practice as an increased score of 30 or 40 m may not reflect a 

meaningful improvement, and patients may still rate their physical fitness and 

functional capacity as not being improved. This may be a result of the expectations of 

patients attending cardiac rehabilitation. 

Overall, the interpretation of the MIC for a patient to rate themselves as unchanged 

and deteriorated, in terms of physical fitness and functional capacity, is less clear. The 

threshold MICpred for a patient to report a deterioration in physical fitness and 

functional capacity or being unchanged, was 42 m when one test was performed and 

32 m when two tests were performed in a single session. The wide confidence 

intervals reflect the large variability in the small sample size of the group and makes it 

difficult to interpret, especially when only one test in each session was performed. 

Further investigation, with a larger sample size, is required to determine the minimal 
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important change for those patients who reported a deterioration or unchanged on the 

global rating of change. 

This study was the first to present a framework for interpreting individual change 

scores using probabilities, odd ratios and likelihood ratios of the 10 m ISWT in 

cardiac rehabilitation. This information provides another tool for the clinician when 

interpreting change scores after cardiac rehabilitation. When one test is performed, a 

patient with a change score of 40 m increase in 10 m ISWT distance has a likelihood 

ratio of 1.12 for deterioration and a probability of self-reporting a deterioration in 

physical fitness and functional capacity of 53%, 95% CI [26, 78] and a likelihood 

ratio of improvement of 0.11 and a probability of reporting an improvement in 

physical fitness and functional capacity of 10%, 95% CI [1, 40]. In comparison, with 

a change of 80 m increase in 10 m ISWT distance, the patient has a likelihood ratio of 

0.1 and probability of being deteriorated of 9%, 95% CI [.1, 51]; and for improvement 

a likelihood ratio of 1.9, 95% CI [38, 85] and a probability of being improved of 89%, 

95% CI [62, 98]. 

Retrospective self-rating of change as an anchor is a commonly used method for 

determining the MIC. However, retrospective ratings, particularly over an extended 

period, are susceptible to recall bias and in this case the reliability and validity of the 

global rating of change question was unknown. 

Future research could focus on the effect of the severity of cardiac disease on the MIC 

as well as the effect of the initial performance on the 10 m ISWT. Using predictive 

modelling, it is possible to investigate the effect of severity of disease or different 

diseases on the minimum important change with larger sample sizes. In previous 
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studies and different populations, MIC values have varied using alternative anchors. 

Future research that uses multiple anchors will be important. 

6.5.1 Implications. 

The MIC for patients who report any improvement in physical fitness and functional 

capacity is 70 m. These results suggest that over an eight-week program, patients 

would need to improve by at least seven shuttles to perceive an improvement in their 

physical fitness and functional capacity. Patients with small increases in the 10 m 

ISWT distance may still report a deterioration in their physical fitness and functional 

capacity. 
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Chapter 7: Do Field Exercise Tests Accurately Measure Physical Fitness 

and Functional Capacity in the Cardiac Rehabilitation Assessment? A 

Systematic Review of Measurement Properties 

7.1 Chapter Aims 

The purpose of this study was to address the secondary research aim 10, specifically 

to synthesise the available evidence of commonly used field exercise tests in cardiac 

rehabilitation.  

7.2 Introduction 

In cardiac rehabilitation, exercise tests are used to evaluate physical fitness and 

functional capacity, mobility and balance, and response to and recovery from 

exercise. Serial testing can provide further information on monitoring change in 

physical fitness and functional capacity and response to the program for both an 

individual and a group. The gold standard for measurement of physical fitness and 

functional capacity is the symptom-limited maximal exercise test, preferably with 

measurement of peak oxygen uptake while the patient is on his or her usual 

medication regimen. Compared with a field exercise test, this requires additional 

equipment and staffing, as well as time to complete (Reeves, Gupta, & Forman, 

2016). These factors have the potential to increase cardiac rehabilitation service- 

delivery costs, delay the commencement of cardiac rehabilitation and this may affect 

successful adherence and patient outcomes (Pack et al., 2013; Reeves et al., 2016; 

Reeves & Whellan, 2010).  
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Staff within the cardiac rehabilitation program with minimal additional costs can 

complete field exercises tests. The two most commonly used field tests are the 6MWT 

and the 10 m ISWT. The results presented in Chapters 2 and 3 suggest that both the 

6MWT and the 10 m ISWT have a high level of relative reliability when measured for 

consistence. The systematic error and the large measurement error in the 6MWT may 

be unacceptable in patients commencing an outpatient cardiac rehabilitation program. 

The systematic error and measurement error of the 10 m ISWT was small and 

acceptable in this group. In a small sample, the evidence supporting the concurrent 

criterion validity of the 10 m ISWT was demonstrated when the distance walked was 

compared with the time achieved in the Bruce protocol in cardiac patients following 

their usual medication regimen. Despite demonstrating adequate concurrent criterion 

validity, the predictive criterion validity of the 10 m ISWT was not supported, seen by 

a wide variability when the 10 m ISWT distance was used to predict the Bruce test 

protocol time with 95% confidence. In a sample of 52 patients commencing a cardiac 

rehabilitation program, evidence supporting the construct validity and the 

responsiveness of the 10 m ISWT was demonstrated (Chapter 5). The evidence for the 

validity of the 6MWT was not investigated in this thesis.  

The aim of this systematic review was to examine the measurement properties of the 

field exercise tests used in adults eligible for cardiac rehabilitation and to report which 

field exercise test is the most suitable test to measure physical fitness and functional 

capacity in cardiac rehabilitation. Specific questions addressed in this systematic 

review were: 1) Do the field tests used in cardiac rehabilitation show adequate 

reliability, and evidence of validity?; 2) Can field exercise tests with adequate 

measurement properties identify important change in people eligible for cardiac 
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rehabilitation (interpretability)?; 3) Is one test more suitable than others at measuring 

physical fitness and functional capacity in cardiac rehabilitation?  

7.3 Methods 

A study protocol was developed a-priori to define the objectives, eligibility criteria, 

and outcomes of interest. This review was registered prospectively at PROSPERO 

(registration number CRD42016030092). The systematic review has been reported 

consistent with the Preferred Reporting Items for Systematic reviews and Meta-

Analysis (PRISMA) guidelines (Moher, Liberati, Tetzlaff, Altman, & The PRISMA 

Group, 2009).  

7.3.1 Search strategy. 

Studies that reported measurement properties of field exercise tests in cardiac 

rehabilitation were identified by searching eight electronic databases (Allied and 

Complementary Medicine (AMED), Cumulative Index to Nursing and Allied Health 

Literature (CINAHL), Cochrane, Embase, Medline, PsycINFO, PubMed, 

SPORTDiscus) from the earliest time available until February 2016. There were three 

concepts in the search strategy: cardiac rehabilitation, field exercise tests and 

measurement properties. For each concept MeSH terms and free text that related to 

the concept were combined with OR (Appendix 6). The search terms for the concept 

of measurement properties were developed from recommendations for a highly 

sensitive search for retrieving studies on measurement properties (Terwee, Jansma, 

Riphagen, & de Vet, 2009) and terminology used in the Consensus-based Standards 

for the selection of health measurement Instruments (COSMIN) checklist (Mokkink et 



 

219 

al., 2010c). The three concepts were combined using ‘AND’. Comprehensive search 

strategies were developed specific for each database. The search terms used for the 

Medline (Ovid) and Cinahl (EBSCO) databases are shown in Appendix 6. In addition 

to the electronic searches, reference lists of the included studies were screened for any 

potentially relevant studies, and authors were screened for additional relevant studies. 

Restrictions were English language, humans and adults. 

7.3.2 Study selection. 

Selection was based on predetermined inclusion and exclusion criteria (Table 7.1). 

The selection criteria aimed to include studies that evaluated the measurement 

properties of the field exercise tests in adult patients eligible for cardiac rehabilitation. 

After the removal of duplicates, the search yields were reviewed first on title and 

abstract, and second on full text of all remaining articles against the selection criteria. 

Inter-rater reviewer agreement was calculated by Kappa (κ) with 95% confidence 

intervals (CI). The strength of agreement was determined using the following scale 

0.01-0.20 slight agreement; 0.21-0.40 fair agreement; 0.41-0.60 moderate agreement; 

0.61-0.80 substantial agreement; 0.81-0.99 almost perfect agreement (Landis & Koch 

1977). For the title and abstracts, two reviewers independently reviewed batches of 

200 studies until agreement was at least substantial (i.e., κ ≥ .61), after which the 

remaining titles and abstracts were reviewed by a single reviewer. Two reviewers 

independently reviewed the full text of all remaining articles. For both title and 

abstract and full text selection, the reviewers discussed any selection disagreements, if 

disagreement persisted after discussion a third reviewer was consulted.  
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Table 7.1 

Study Selection Criteria 

Inclusion Exclusion 
Population 

Human adults (≥18 years or older) 

with diagnosed and managed heart 

disease eligible for cardiac 

rehabilitation  

Indicator 

Any field exercise test 

Retest or repeated testing 

CPET or symptom-limited stress test 

Field exercise test 

Any measure of physical fitness and 

functional capacity, exercise or health-

related quality of life used in cardiac 

rehabilitation 

Outcome 

Reporting of psychometric properties 

of functional outcome measures of 

field exercise tests according to 

COSMIN 

Design 

Any clinical study 

Population 

Healthy subjects with no diagnosis of heart 

disease 

Principal diagnosis of pulmonary 

hypertension 

Congenital heart disease 

Risk factors for heart disease 

Indicators 

Diagnostic testing 

Drug trial 

Device testing (e.g., external heart, ECG 

device) 

Non-field exercise test 

Language 

Other than English 

Design 

Review 

Commentary 

Conference proceeding/poster/abstract,  

Diagnostic study 

Prognostic study,  

Case report study 

Note. CPET – cardiopulmonary exercise test; ECG – electrocardiogram; COSMIN = 
COnsensus-based Standards for the selection of health Measurement INstruments.  

7.3.3 Data extraction. 

A data extraction form was developed by the reviewers and included items related to 

publication details, population, field test, methods including the sample size, 

psychometric properties assessed and statistical analysis, results, and any key points 
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of concerns (Appendix 7). The field test protocols were compared with standard 

administration. For studies reporting measurement error, the upper limit of the 95% 

limits of agreement and the SEM were used to estimate the SDC. The SDC was 

calculated from the SEM using the formula 1.96 × √2 ×  (Mokkink et al., 

2010b). Two reviewers extracted data independently. The two reviewers discussed 

each data sheet for consistency and accuracy of data extraction.  

7.3.4 Methodological quality assessment. 

Two reviewers, independently using a modified COSMIN checklist (Appendix 7), 

assessed the assessment of methodological quality. The checklist is a standardised 

tool and designed to evaluate the measurement properties of health-related patient-

reported outcomes but has been used for other outcome measures. The checklist was 

chosen for its comprehensiveness and was considered the best assessment tool for this 

type of review. It has been used by other systematic reviews on the measurement 

properties of field exercise tests in a range of health conditions (Bartels et al., 2013; 

Kroman, Roos, Bennell, Hinman, & Dobson, 2014). The checklist was adapted for 

exercise tests by substituting the term health-related patient-reported outcomes with 

field exercise test (see Appendix 7). 

The COSMIN checklist contained 12 boxes, with 10 relating to methodological 

quality of measurement properties and 2 boxes relating to general requirements. 

Seven boxes were considered relevant to assessing the measurement properties of 

field exercise tests. These included methodological assessment of relative reliability, 

measurement error, validity including content, hypothesis testing, cross-cultural, 

criterion and responsiveness. Internal consistency and structural validity were not 
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relevant measurement properties of field exercise tests (Bartels et al., 2013). The box 

titled Interpretability did not generate the same information on the 4-point scale and 

was not included in the analysis of methodological quality.  

For the boxes that related to measurement properties, each item was scored according 

to the 4-point rating system: excellent, good, fair, poor. For each measurement 

property, the quality assessment was based on the methodology: including percentage 

and description of missing data, administration of the test and appropriateness of 

statistical analysis. For sample size, the COSMIN group recommend a minimum 

sample size n = 30, which was based on evaluating the quality of questionnaires. 

Previous researchers have argued that psychometric studies on performance measures 

such as exercise tests generate larger effect sizes and may be appropriately tested 

using smaller sample sizes (Bartels et al., 2013). Consistent with previous systematic 

reviews (Bartels et al., 2013; Dobson et al., 2012), the question on sample size was 

omitted from the scoring of the methodological quality of each study. The sample size 

was accounted for in the evidence synthesis stage. With the sample size question not 

included in the quality analysis, the recommended scoring system of worst score 

counts was followed, so the quality score for each measurement property was the 

lowest rating given for any item in the box. Depending on the number of 

measurement properties evaluated in the study, some studies received one quality 

evaluation whereas others received multiple evaluations. No study was eliminated 

based on a rating of poor methodological quality. 
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7.3.5 Quality criteria for assessing the adequacy of measurement 

properties. 

The quality criteria for the adequacy of measurement properties were proposed by 

Terwee et al. (2007) and were used to rate each measurement property in the studies 

as positive (+), negative (-) or indeterminate (?) (Table 7.2).  

7.3.6 Best evidence synthesis for each measurement property. 

A best evidence synthesis was performed for the measurement properties of each field 

exercise test for specific cardiac patient groups (Table 3). The evidence was assigned 

either in support of the measurement property (+) or not in support of the 

measurement property (-), with all the available evidence considered. The synthesised 

evidence was assigned as high quality (+++ or ---), moderate quality (++ or --), 

limited (+ or -) or unknown (?) based on the number of studies, their methodological 

quality, the consistency of findings and the total sample size (Table 7.3). The 

inclusion of sample size in the best evidence synthesis was consistent with earlier 

high quality systematic reviews and supported by the developers of the COSMIN 

(Dobson et al., 2012).  
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Table 7.2 

Criteria for the Adequacy of Measurement Properties adapted from (Bartels et al., 

2013)  

 Positive (+) Negative (-) Indeterminate (?) 
Relative 

reliability 

ICC/weighted kappa 

≥ .70 or Pearson’s r 

≥.80 

ICC/weighted kappa 

<.70 or Pearson’s r 

<.8 

Neither ICC/weight 

kappa nor Pearson’s r 

reported 

Measurement 

error 

MIC > SDC  

Or MIC outside LOA 

Or adequate author 

justification 

MIC ≤ SDC 

Or MIC equals or 

inside LOA 

Or adequate author 

justification 

MIC not determined 

Or inadequate author 

justification 

Construct 

validity 

≥ 75% of hypotheses 

supported  

Or correlation with 

related constructs > 

unrelated constructs 

Or correlation with 

related construct ≥ .50 

< 75% of hypotheses 

support 

Or Correlation with 

related constructs < 

unrelated constructs 

Or correlation with 

related construct < .50 

Correlations 

determined with 

unrelated constructs 

Criterion 

Validity  

Justification of gold 

standard and 

correlation ≥ .70 

Correlation with gold 

standard < .70 despite 

adequate 

methodology 

Gold standard not 

justified or doubt 

design or method 

Responsiveness ≥ 75% of hypothesis 

supported  

Or correlation with 

change score of 

related construct ≥ .50 

Or AUC ≥ .70 

Correlation of change 

score of related 

construct > unrelated 

construct 

< 75% hypothesis 

supported 

Or AUC < .70 

Or correlation of 

change scores with 

related constructs < 

unrelated constructs 

Correlations 

determined with 

unrelated constructs 

Note. ICC = intraclass correlation coefficient; r = Pearson’s product-moment correlation 
coefficient; MIC = minimal important change; SDC = smallest detectable change; LOA = 
limits of agreement; AUC = area under the curve.  
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Table 7.3 

Synthesis criteria for levels of evidence adapted from Terwee et al. (2007) 

Quality level of 
evidence 

Rating Criteria 

High +++ OR --- Multiple studies with methodological quality 

rated as at least good 

OR One study with methodological quality rated 

as Excellent 

AND consistent findings ((+) OR (-))  

AND combined sample size ≥100 

Moderate ++ OR -- Multiple studies with methodological quality 

rated as Fair 

OR one study with methodological quality rated 

as Good 

AND consistent findings ((+) OR (-)) 

AND combined sample size 50 - 99 

Limited  + or - One study with methodological quality rated as 

Fair 

AND consistent findings ((+) OR (-)) 

AND combined sample size 25 - 49 

Conflicting +/- Multiple studies 

AND conflicting findings 

Unknown (No evidence) ? Only studies with methodological quality rated as 

Poor 

OR only studies with results rated as (?) 

AND combined sample size < 25 

 

7.3.7 The interpretability of the field exercise tests in cardiac 

rehabilitation. 

The second aim of this systematic review was to describe the interpretability of the 

field exercise tests that demonstrated adequate measurement properties. A qualitative 
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synthesis of the available literature on floor and ceiling effects, the amount of change, 

and the MIC was performed. The range of baseline tests results was collected from 

the included studies and reported as well as change scores for patient groups 

presented in the literature. Floor and ceiling effects were considered adequate and 

given a positive score if there was less than 15% of participants scoring the lowest or 

highest possible score (McHorney & Tarlov, 1995; Terwee et al., 2007). The MIC 

was also reported. 

7.3.8 Suitability of the field exercise tests in cardiac rehabilitation. 

The final aim of this systematic review was to synthesise the available literature to 

report on the most suitable field exercise test to measure physical fitness and 

functional capacity in cardiac rehabilitation. The results of the measurement 

properties, interpretability and feasibility of the field exercise test were collated and 

presented in a table in a descriptive synthesis.  

7.4 Results 

7.4.1 Study selection. 

The electronic database search resulted in 13,274 studies. After removal of duplicates, 

9,513 studies were considered for inclusion in the systematic review. Two reviewers 

excluded studies that clearly did not meet the inclusion criteria based on title or 

abstract in batches of 200 before reviewing and discussing any selection 

disagreements (Round 1: n = 200, κ = .72; Round 2: n = 200, κ = .72; Round 3: 

n = 200, κ = .78). Following the consistent substantial agreement between the two 
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reviewers, one reviewer screened the remaining titles and abstracts. There were 106 

studies for full text consideration. These were reviewed by two reviewers for 

inclusion in the systematic review with almost perfect agreement (κ= .93). The final 

library of studies consisted of 64 retrieved from the electronic databases and 14 

retrieved through manual searches such as reference list checks and first author 

searches (see Appendix 8). This process is summarised in Figure 7.1.  

Records identified through database searching 
(n = 13,274)

AMED n = 66
EMBASE n = 2178
Medline n = 4826
Psych info n = 13

Cinahl n =552
Sports Discus n = 111

Pubmed n = 2024
Cochranne library n = 3504

Additional records identified 
through other sources

(n = 14)

Record after duplicates removed
(n = 9,513)

Records screened on title and 
abstract

(n = 9,513)

Full-text articles assessed for 
eligibility
(n = 106)

Full-text articles excluded
(n = 42)

- device testing (n = 1)
- no psychometric properties (n = 23)

- prognostic study (n = 6) 
- not field exercise test (n = 9)

- Testing surgical or medical intervention 
(n = 3)

Records excluded on title and abstract
(n = 9,407)

Full-text articles assessed for 
eligibility
(n = 78)

 

Figure 7.1. Flow chart of literature search and selection process  
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7.4.2 Study characteristics. 

The study characteristics, including population, sample size, cardiac diagnosis, age, 

gender, and exercise test outcomes for the 6MWT, 10 m ISWT and other field tests 

are shown in Tables 7.4, 7.5 and 7.6. Sixty-two studies reported measurement 

properties of the 6MWT, 13 studies reported measurement properties of the 10 m 

ISWT and 15 of other field exercise tests. Cardiac failure was the most commonly 

studied condition, with 46 studies using patient groups with a primary diagnosis of 

heart failure, including five studies of cardiac transplant candidates and one study 

with patients following cardiac transplant. Thirty-two studies used patients with a 

primary diagnosis of coronary heart disease, and two studies using patients with 

permanent pacemakers. The quality review score sheets are shown in Appendix 9. 

The results of the measurement properties for each study are presented in Appendix 

10. Agreement between the reviewers for methodological quality assessment was 

weighted κ .97, 95% CI [.92, 1.0].  
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7.4.3 Best evidence synthesis of measurement properties of field 

exercise tests used in cardiac rehabilitation. 

7.4.3.1 Measurement properties of the 6MWT. 

The most commonly evaluated field exercise test was the 6MWT. No study followed 

standard operating procedures published in 2014 (Holland et al., 2014). The most 

common standardised protocols were the American Thoracic Association (2002) 

guidelines or the guidelines published by Guyatt et al. (1985). There was variability in 

the length of the track, with the shortest reported track length being 13 m (Doutreleau 

et al., 2009). The instructions and operating procedures for the 6MWT in the retrieved 

studies are summarised in Appendix 11. Instructions typically advised patients to 

walk as far as possible or as fast as possible. Two studies limited the intensity of the 

exercise test with the Borg rate of perceived exertion scale (Allison & Keller, 2004; 

Guimarães, Carvalho, & Bocchi, 2008). The provision of encouragement varied 

between studies. The distance walked in six minutes was reported as an outcome 

measure in all studies, typically measured by markers on the wall or using a tape 

measure to measure to the nearest metre or foot. One study reported using a 

pedometer reading to estimate distance walked (Guazzi et al., 2009). The number of 

tests completed in a single session varied. With the exception of studies reporting 

relative reliability and measurement error, the majority of studies reported a single 

6MWT. When more than one test was performed in a single session, there was 

variability in the use of test results in the statistical analysis including use of the final 

test score, the best test score or the mean score. A number of studies did not specify 

which test result was reported or used in analysis (see Appendix 11).  
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7.4.3.1.1 Best evidence synthesis of measurement property: relative 

reliability. 

There was moderate-level evidence synthesised from 16 studies supporting the 

relative reliability of the 6MWT in coronary heart disease and in chronic heart failure 

populations. For coronary heart disease, correlation coefficients ranged from .88 to 

.96 in the three studies with good methodological quality and from .88 to .97 in the 

three studies with fair methodological quality (Appendix 10). For chronic heart 

failure, the correlation coefficients for the two studies of good methodological quality 

was .96 and ranged from .80 to .99 in the studies with fair methodological quality 

(Appendix 10).  

7.4.3.1.2 Best evidence synthesis of measurement property: 

measurement error. 

There was moderate-level evidence synthesised from four studies that indicated the 

measurement error was large between the first and second walk and conflicting 

evidence from three studies for the adequacy of the measurement error between the 

second and third walk test in coronary heart disease. The synthesised evidence was 

inconclusive regarding the measurement error of the 6MWT in chronic heart failure. 

No study that reported on the measurement error also reported the MIC. However, the 

researchers provided justification of the adequacy or inadequacy of the size of the 

measurement error in the studies with a coronary heart disease population, but not 

chronic heart failure.  
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In coronary heart disease, the SDC between the first and second walk ranged from 71 

m (Bellet et al., 2011) to 106 m (Hanson et al., 2012). The SDC ranged from 49 to 51 

m between the second and third 6MWT for specific groups of patients with coronary 

heart disease, including those between four and seven days following a myocardial 

infarction, and within three weeks of cardiac surgery (Nogueira et al., 2006; Olper et 

al., 2011). However, when a mixed sample of patients who were commencing cardiac 

rehabilitation were assessed, the SDC was 95 m (Hanson et al., 2012). Nogueira et al. 

(2006) argued the SDC was acceptable if the MIC for respiratory patients (50 m) was 

accepted as the MIC for patients with coronary heart disease. Hanson et al. (2012) 

argued that 95 m was too high. Moderate-level evidence indicates that the 

measurement error of the 6MWT between the first and second walk in coronary heart 

disease populations is unacceptably large, but there is conflicting evidence between 

the second and third walk.   

In chronic heart failure, the SDC ranged from 42 m when outliers were removed from 

the sample (Opasich et al., 1998; Pinna et al., 2000) to 47 (Pulz et al., 2008), to 145 m 

(Ingle et al., 2005). The authors did not discuss the size of the measurement error in 

relation to the MIC. The adequacy of the measurement error of the 6MWT in chronic 

heart failure populations remains unknown.  

7.4.3.1.3 Best evidence synthesis of measurement property: criterion 

validity. 

There was moderate-level evidence from three studies that did not support the 

criterion validity of the use of a single 6MWT in coronary heart disease. There was 

limited-level evidence synthesised from two studies that supported the evidence for 
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the criterion validity of the 6MWT in coronary heart disease when more than one 

6MWT was performed, and the result of the best or final 6MWT was used in analysis. 

In chronic heart failure, there was strong-level evidence synthesised from nine studies 

that did not support the criterion validity of the 6MWT when a single 6MWT was 

performed, and conflicting evidence when more than one test was performed. In the 

post-heart transplant group, the evidence to support the criterion validity is unknown 

due to the low sample sizes (Doutreleau et al., 2009). There did not appear to be a 

relationship between treadmill criterion tests and bicycle criterion tests. 

In coronary heart disease, three studies, one with good methodological quality 

(Casillas et al., 2015) and two with fair methodological quality (Beatty, Schiller, & 

Whooley, 2012; Gayda et al., 2004), demonstrated that the evidence for criterion 

validity was not supported when the distance walked from a single 6MWT was 

associated with peak oxygen uptake (r = .56) (Gayda et al., 2004), METS (r = .66) 

(Beatty et al., 2012) and maximum HR (r = .23) (Casillas et al., 2015). Two studies of 

good methodological quality provided support for criterion validity when the 6MWT 

was repeated, and the best distance of two (Mandic, Walker, et al., 2013) of four 

(Kristjánsdóttir et al., 2004) 6MWTs were associated with peak oxygen uptake 

(r = .72) (Mandic, Walker, et al., 2013) or maximal workload (r = .93) (Kristjánsdóttir 

et al., 2004). Kristjánsdóttir et al. (2004) reported that the fourth 6MWT was the best 

test for all participants in their sample. One study of poor methodological quality 

rejected support for the criterion validity of the 6MWT when the best test result of 

three 6MWTS was associated with retrospective results of a recent symptom-limited 

exercise test (r = .69) (Hamilton & Haennel, 2000). There appears to be a change in 

the evidence for criterion validity when more than one 6MWT is performed, the 
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evidence provides support of repeated testing in a single session and using the best 

test result or the results of a third test.   

In chronic heart failure, when one 6MWT was performed, ten studies, one of excellent 

methodological quality (Forman et al., 2012), five of good methodological quality 

(Cahalin et al., 1996; Delahaye et al., 1997; Kervio, Ville, Leclercq, Daubert, & 

Carré, 2004b; Maldonado-Martín et al., 2006; Zugck et al., 2000) and four of fair 

methodological quality (Doutreleau et al., 2009; Green et al., 2001; Lucas et al., 1999; 

Peeters & Mets, 1996) demonstrated that the evidence for criterion validity was not 

supported when the distance walked from a single 6MWT was associated with peak 

oxygen uptake(.46 ≤ r ≤ .68) (Cahalin et al., 1996; Delahaye et al., 1997; Doutreleau 

et al., 2009; Forman et al., 2012; Green et al., 2001; Kervio et al., 2004b; Lucas et al., 

1999; Maldonado-Martín et al., 2006; Zugck et al., 2000), or treadmill distance 

(Kendall’s Tau = .69) (Peeters & Mets, 1996). Two studies with good methodological 

quality (Jehn et al., 2009; Kervio et al., 2004b) and one of fair methodological quality 

(Cheetham et al., 2005) reported support for the evidence of the criterion validity 

when the distance of the first test was associated with peak oxygen uptake 

(.77 ≤ r ≤ .88). Jehn et al. (2009) reported a difference between patients with mild 

heart failure and no functional limitations and patients with moderate heat failure. 

Kervio et al. (2004b) reported support for the criterion validity in patients with 

chronic heart failure with optimal drug treatment (CHFD), but not for patients with 

cardiac resynchronisation therapy (CHFP). Cheetham et al. (2005) used a modified 

chronotropic protocol that was less aggressive than typical symptom-limited exercise 

tests such as the Bruce test. In chronic heart failure, when more than one 6MWT was 

completed, the results were conflicting. Two studies of good methodological quality 
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using the same data (Morales et al., 1999; Morales, Montemayor, & Martinez, 2000) 

and one of fair methodological quality (Guazzi et al., 2009) rejected support for the 

criterion validity when the second 6MWT distance was compared with peak oxygen 

uptake (.68 ≤ r ≤ .69). Two studies, one with good methodological quality (Zugck et 

al., 2000) and one with fair methodological quality (Carvalho et al., 2011) supported 

the evidence of criterion validity when the results of the second 6MWT were 

associated with peak oxygen uptake (.70 ≤ r ≤ .71), and two studies of good 

methodological quality provided support when the distance walked in the third 

6MWT was associated with peak oxygen uptake (.74 ≤ r ≤ .88) (Riley, McParland, 

Stanford, & Nicholls, 1992; Zugck et al., 2000). Three studies, one with good 

methodological quality (Lipkin et al., 1986) and two with fair methodological quality 

(Guyatt et al., 1985; Opasich et al., 2001) did not support the evidence for the 

criterion validity when repeated 6MWTs were used and the mean score was 

associated with peak oxygen uptake (.59 ≤ r ≤ .69) (Lipkin et al., 1986; Opasich et al., 

2001) or results of cycle ergometry (r = .42) (Guyatt et al., 1985).  

In patients with a permanent pacemaker, two studies of fair methodological quality 

supported the evidence for the concurrent criterion validity of the 6MWT when using 

the peak watts (r = .74) (Langenfeld et al., 1990) or estimating peak oxygen uptake 

from an equation (r = .71) (de Sousa et al., 2008). There was fair evidence supporting 

the evidence for the concurrent criterion validity of the 6MWT in patients with 

permanent pacemaker.  

The evidence for the predictive criterion validity of the 6MWT in coronary heart 

disease and chronic heart failure populations was inconclusive. There were three 

studies with sample sizes greater than 50 that reported equations using the 6MWT 
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distance to predict relative maximum oxygen uptake (Maldonado-Martín et al., 2006; 

Mandic, Walker, et al., 2013) and one study for absolute oxygen consumption (Guazzi 

et al., 2009). No study provided results for a validation study. The prediction 

equations differed and were inconsistent with each other.  

7.4.3.1.4 Best evidence synthesis of measurement property: construct 

validity. 

There was limited-level evidence synthesised in support of the evidence for the 

construct validity of the 6MWT in coronary heart disease in eight studies of fair 

(Allison & Keller, 2004; Hamilton & Haennel, 2000; Olper et al., 2011) or poor 

quality (Ades, Savage, Cress, Brochu, & Poehlman, 2003; Araya-Ramírez  et al., 

2010; Baptista et al., 2012; Bittner, Sanderson, Breland, Adams, & Schumann, 2000; 

Gremeaux et al., 2012). The results of four studies were indeterminate as they did not 

include measurements of constructs that related to physical fitness and functional 

capacity (Baldasseroni et al., 2014; Beatty et al., 2012; Opasich, De Feo, Pinna, & al, 

2004; Verrill, Barton, Beasley, Lippard, & King, 2003). There was support for the 

evidence for the construct validity of the 6MWT in chronic heart failure in three 

studies of fair methodological quality (Corvera-Tindel, Doering, Roper, & Dracup, 

2009; Flynn, Lin, et al., 2009; Juenger et al., 2002), and four studies of poor 

methodological quality (Delahaye et al., 1997; Guyatt et al., 1985; Karapolat et al., 

2008; O'Keefe, Lye, Donnellan, & Carmichael, 1998). Three studies of poor 

methodological quality did not support the evidence for the construct validity of the 

6MWT (Cipriano et al., 2010; Nogueira et al., 2010; Pulz et al., 2008) and 10 studies 

presented associations or differences from unrelated constructs without a-priori 

hypothesis testing and hence, the adequacy of the measurement property was rated 
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indeterminate (Bajraktari et al., 2011; Bittner et al., 1993; Chien, Lee, Wu, & Wu, 

2011; Demers et al., 2001; Forman et al., 2012; Guazzi et al., 2009; Ingle et al., 2006; 

Riley et al., 1992; Westlake, Dracup, Fonarow, & Hamilton, 2005; Zugck et al., 

2000). No study followed the recommendation by COSMIN by reporting the number 

of a priori hypotheses supported.  

In coronary heart disease, there were moderate to strong associations between the 

6MWT and results of alternative assessments from the same construct. There was a 

moderate negative association between the second 6MWT distance and the time to 

complete the 200 m fast walk test (r = -.57) (Gremeaux et al., 2012) and a positive 

association between the best distance from three 6MWTs and treadmill 6MWTs 

(r = .72) (Olper et al., 2011). In both studies, the associations were stronger after 

completion of a cardiac rehabilitation program. 

In coronary heart disease, there were weak to moderate associations between the 

6MWT distance and outcomes from assessments of somewhat related constructs 

(Ades et al., 2003; Allison & Keller, 2004; Araya-Ramírez  et al., 2010; Baptista et 

al., 2012; Bittner et al., 2000; Hamilton & Haennel, 2000) including the 6MWT 

distance and self-reported measures of physical activity (standardised beta = .51, 

p < .0001; r = .30) (Allison & Keller, 2004; Bittner et al., 2000), components of 

quality of life (.22 ≤ r ≤ .62) (Ades et al., 2003; Araya-Ramírez  et al., 2010; Baptista 

et al., 2012; Hamilton & Haennel, 2000) and self-efficacy scores (r = .44) (Allison & 

Keller, 2004). The association between the 6MWT distance and self-reported 

measures physical activity as well as self-efficacy strengthened after completion of a 

cardiac rehabilitation program (Allison & Keller, 2004). 
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In chronic heart failure, two studies of poor methodological quality reported 

associations and differences between the 6MWT and other field exercise tests 

(Delahaye et al., 1997; Pulz et al., 2008). The association between the 6MWT and 

10 m ISWT was not reported, however, there were statistically significant differences 

between the distance walked in the 6MWT and the 10 m ISWT, and there were 

greater between-test differences for patients with more impairments (Pulz et al., 

2008), suggesting that the 6MWT and 10 m ISWT may measure different constructs 

in cardiac rehabilitation. There was a strong association between the 6MWT and a 

stair climbing field test of physical fitness (r = -.82) (Delahaye et al., 1997). Unlike 

the 10 m ISWT, the stair-climbing test was not an incremental or progressive test.  

In chronic heart failure, there were weak to moderate associations between the 6MWT 

distance and outcomes from assessments of somewhat related constructs of self-

reported physical limitations and functional abilities (Corvera-Tindel et al., 2009; 

Flynn, Lin, et al., 2009; Guyatt et al., 1985; Juenger et al., 2002; O'Keefe et al., 1998). 

While the associations between the 6MWT and measures of physical fitness and 

functional capacity were weak to moderate, they were stronger than associations with 

unrelated constructs in three studies of fair methodological quality (Corvera-Tindel et 

al., 2009; Flynn, Lin, et al., 2009; Juenger et al., 2002). One study of poor 

methodological quality did not observe this finding (Nogueira et al., 2010). The 

results of all the associations, including those with indeterminate findings, are 

presented in Appendix 10. 

In the group of patients with chronic heart failure awaiting heart transplant, two 

studies of poor methodological quality had conflicting results (Cipriano et al., 2010; 

Karapolat et al., 2008). Cipriano et al. (2010) reported ‘no association’ between 
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6MWT and a quality of life questionnaire. Karapolat et al. (2008) reported a moderate 

association between MOS SF36 scale score for Physical Function and the 6MWT 

distance (r = .48), these associations were stronger than others that did not relate to 

physical function (.07 ≤ r ≤ .35).  

7.4.3.1.5 Best evidence synthesis of measurement property: 

responsiveness. 

There was limited-level evidence synthesised from one study of fair methodological 

quality (Gremeaux et al., 2012) and three of poor methodological quality (Araya-

Ramírez et al., 2010; Bittner et al., 2000; Wright et al., 2001), supporting the evidence 

for the responsiveness of the 6MWT in coronary heart disease populations. The 

results of one study of poor methodological quality did not support the responsiveness 

of the 6MWT (Verrill et al., 2003). In chronic heart failure, there was limited-level 

evidence synthesised from two studies of fair methodological quality (Gary et al., 

2004; Ingle et al., 2005) and two of poor methodological quality (Kavanaugh, Meyers, 

Baigrie, & Al, 1996; O'Keefe et al., 1998) supporting the evidence for the 

responsiveness of the 6MWT. Due to the small sample size, the evidence for those 

waiting cardiac transplantation is unknown. No studies were found assessing 

responsiveness of the 6MWT in other specific cardiac populations.  

In coronary heart disease, support for the responsiveness of the 6MWT was 

demonstrated with a positive association between the change in 6MWT distance and 

the change in the METs of a criterion measure (r = .59) (Gremeaux et al., 2011). The 

change in 6MWT distance was more strongly associated with self-reported measures 

of quality of life that related to physical function (r = .22) than other measures of 
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quality of life not directly related physical function (Araya-Ramírez  et al., 2010; 

Bittner et al., 2000). One study of poor methodological quality reported the change in 

6MWT was poorly associated with the change in quality of life measures (r ≤ .18) 

(Verrill et al., 2003). Significant between-group differences in the 6MWT distance in 

those that attended a six-week cardiac rehabilitation program compared with those 

who did not attend were reported (Wright et al., 2001).  

In chronic heart failure one study of fair methodological quality used a criterion 

approach to responsiveness and reported a weak association (r = .08) between the 

change in 6MWT and change in oxygen uptake in heart transplant candidates 

(Cheetham et al., 2005). In addition, associations between the change in 6MWT 

distance and changes in other somewhat related constructs were reported, including 

symptom severity (r = -.75) (Ingle et al., 2005) and measures of fatigue, dyspnoea, 

emotional function and mastery (Kavanaugh et al., 1996). Significant between-group 

differences in the 6MWT distance in those that attended a 12-week cardiac 

rehabilitation-walking program compared with those who attended education only 

sessions were reported (Gary et al., 2004) 

Four studies reported only effect sizes of standardised response means in the absence 

of a-priori hypothesis testing and the results were indeterminate for responsiveness 

(Bellet et al., 2011; Demers et al., 2001; Gremeaux et al., 2009; Gremeaux et al., 

2012). Effect sizes ranged from .30 to .65 (Bellet et al., 2011; Olper et al., 2011) in 

coronary heart disease and from -.02 (O'Keefe et al., 1998) to 2.13 (Demers et al., 

2001) in chronic heart failure. A standardised response mean of 1.1 was reported in 

two studies using the same data (Gremeaux et al., 2009; Gremeaux et al., 2012). 

These findings were not linked with a-priori hypothesis testing.  
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7.4.3.2 Measurement properties of the 10 m ISWT. 

The measurement properties of the 10 m ISWT were evaluated in 12 studies. The 

majority of studies followed the protocol described by Singh et al. (1992), with two 

(Mandic, Hodge, et al., 2013; Mandic, Walker, et al., 2013) studies following the 

protocol described by Tobin and Thow (1999). One study extended the test with the 

addition of three one-minute levels (Levels 13-15) using the same increments in speed 

per minute (Pepera, Cardoso, Taylor, Peristeropoulos, & Sandercock, 2013). The most 

common outcome of the test was the distance walked. One study reported the time at 

the end of the final completed shuttle as the main outcome measure (Mandic, Hodge, 

et al., 2013). With the exception of studies reporting relative reliability and 

measurement error, the majority of studies completed a single test. Two studies 

reported completing three tests in a single session (Fowler et al. 2005; Hanson et al. 

2016).  

7.4.3.2.1 Best evidence synthesis of measurement property: relative 

reliability. 

In coronary heart disease, the relative reliability was supported by high-level evidence 

between the first and second walk and moderate-level evidence between the second 

and third walk. In chronic heart failure, there was no evidence between the first and 

second walk and limited-level evidence between the second and third walk.  

For coronary heart disease, the correlation coefficients ranged from .94 (Fowler et al., 

2005; Jolly et al., 2008) to .99 (Hanson et al., 2016) between the first and second walk 

and was .99 between the second and third walk (Fowler et al., 2005; Hanson et al., 
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2016). For chronic heart failure, the correlation coefficient was .98 between the first 

and second 10 m ISWT in a group of seven patients with chronic heart failure 

awaiting transplant (Green et al., 2001). Two studies reported correlation coefficients 

of .90 (Lewis et al., 2001) and .99 (Morales et al., 1999).  

7.4.3.2.2 Best evidence synthesis of measurement property: 

measurement error. 

There was conflicting evidence for the adequacy of the measurement error between 

the first and second walk and moderate evidence in support of the adequacy of the 

measurement error between the second and third 10 m ISWT in coronary heart 

disease populations. There was no evidence in chronic heart failure populations to 

support or reject the adequacy of the measurement error. No study reported the MID. 

In the coronary heart disease population, the researchers provided justification on the 

adequacy or inadequacy of the size of the measurement error. 

In coronary heart disease, the SDC when a single 10 m ISWT was completed ranged 

from 36 m (Jolly et al., 2008), to 54 (Hanson et al., 2016) to 122 m (Fowler et al., 

2005). When the SDC was calculated from the SEM, it ranged from 33 to 47 m 

depending on whether the SEM was calculated for consistency or absolute agreement 

(Hanson et al., 2016). When a practice test was included, the SDC ranged from 21 m 

(Fowler et al., 2005) to 33 m (Hanson et al., 2016). Hanson et al. (2016) argued that 

the measurement error was acceptable if one walk was completed but acknowledged 

that the measurement error was smaller when two walks were completed and the first 

regarded as a practice test. Both Fowler et al. (2005) and Jolly et al. (2008) argued 

that two walks were required, with the first regarded as a practice test, these 
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arguments were based on statistically significant differences between the first and 

second walk (p < .05) and improvements in the repeatability coefficient when two 

tests were completed in a single session.  

In chronic heart failure, the SDC was 53 m (Pulz et al., 2008). However, the 

researchers did not provide any further justification on the adequacy of the 

measurement error. The evidence for the measurement property of the 10 m ISWT in 

chronic heart failure remains unknown.  

7.4.3.2.3 Best evidence synthesis of measurement property: criterion 

validity. 

There was moderate-level evidence supporting the concurrent criterion validity of the 

10 m ISWT in coronary heart disease and in chronic heart failure. In coronary heart 

disease, one study of excellent methodological quality and a sample size of 39 and 

one study of good methodological quality and a sample size of 58 provided support 

for the concurrent criterion validity of the 10 m ISWT when the distance walked was 

associated with relative peak oxygen uptake (.72 ≤ r ≤ .87) (Fowler et al., 2005; 

Mandic, Walker, et al., 2013). In chronic heart failure, four studies with good 

methodological quality (Lewis et al., 2001; Morales et al., 1999; Morales et al., 2000; 

Pulz et al., 2008), and two with fair methodological quality (Green et al., 2001), 

supported the concurrent criterion validity of the 10 m ISWT when the distance or 

number of shuttles was associated with relative peak oxygen uptake (.78 ≤ r ≤ .79).  

The predictive criterion validity of the 10 m ISWT remains unknown. Fowler et al. 

(2005) reported that the relative peak oxygen uptake could be predicted from the 10 m 
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ISWT distance in coronary heart disease using the formula: 0.03 ×

  ( ) + 7.81. In chronic heart failure, the relative peak oxygen uptake 

being predicted by the distance walked in the 10 m ISWT with the following 

formulas: 0.283 ×   ( ) + 4.2355 (Green et al., 2001), and 0.023 ×

  ( ) + 5.9 (Morales et al., 1999). Cut-off values to predict a relative 

peak oxygen uptake less than 14 ranged from 380 m (sensitivity 90%, specificity 

87%) (Pulz et al., 2008) to 450 m (sensitivity 100%, specificity 89%) (Morales et al., 

1999). Due to the small sample sizes and the absence of validation populations, the 

evidence to support the predictive criterion validity of the 10 m ISWT is unknown.  

7.4.3.2.4 Best evidence synthesis of measurement property: construct 

validity. 

There was no evidence to support the construct validity of the 10 m ISWT in cardiac 

rehabilitation populations. Three studies of poor methodological quality reported 

associations between the 10 m ISWT and other assessment outcome measures. In 

coronary heart disease, the distance walked in the 10 m ISWT was associated with 

self-reported physical activity at a cardiac rehabilitation follow-up assessment 

(r = .52) (Mandic, Hodge, et al., 2013) and step length and height (Pepera et al., 

2013). However, given the poor methodological quality in these studies the evidence 

for the construct validity of the 10 m ISWT remains unknown. 

7.4.3.2.5 Measurement property: responsiveness. 

There was limited-level evidence supporting the responsiveness of the 10 m ISWT in 

coronary heart disease populations. One study demonstrated statistically significant 
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differences in the distance walked according to patient perception of change. Those 

who perceived themselves as better or slightly better improved more than those who 

perceived themselves as about the same, and these differences were significant. The 

difference between those who perceived themselves as better and slightly better was 

not significant. Two studies presented the effect sizes after a six-week cardiac 

rehabilitation program ranging from small (.38) (Houchen-Wolloff et al., 2015) to 

moderate (.55) (Fowler et al., 2005), however, these changes were not related to a-

priori hypotheses. No studies were found investigating the responsiveness of the 10 m 

ISWT in chronic heart failure.  

7.4.3.3 Measurement properties of alternative field exercise tests. 

The measurement properties of less common alternative field exercise tests were 

retrieved. Self-paced tests included the treadmill 6MWT (Cervie, Olper, De Santi, & 

Pierini, 2012; Meyer & Laederach-Hofmann, 2003; Nogueira et al., 2010; Olper et al., 

2011), the 200 m fast walk test (Casillas et al., 2015; Gremeaux et al., 2009; 

Gremeaux et al., 2012; Gremeaux et al., 2011), the 100 m fast walk test (Houghton, 

Harrison, Cowley, & al, 2002), the 1 km treadmill walk (Chiaranda et al., 2012), the 

modified Groningen Fitness for the elderly (de Greef et al., 2005) and the 2 minute 

step test (Alosco et al., 2012). Externally paced field tests included the 20 m shuttle 

walk test (Gayda, Choquet, Temfemo, & Ahmadi, 2003) and stair climb test 

(Delahaye et al., 1997). 
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7.4.3.3.1 Measurement properties of the treadmill 6MWT. 

The measurement properties of the treadmill 6MWT were described in four studies; 

two studies using a coronary heart disease population (Cervie et al., 2012; Olper et al., 

2011), and two using a chronic heart failure population (Guimarães et al., 2008; 

Meyer & Laederach-Hofmann, 2003). The test protocol was described in three of the 

four studies; the aim of the test was to walk as far as possible in six minutes on a 

treadmill. Participants were asked to hold the treadmill handrails and were allowed to 

increase or decrease the treadmill speed as desired (Cervie et al., 2012; Guimarães et 

al., 2008; Olper et al., 2011). In two studies, it was specified that participants were not 

to jog (Cervie et al., 2012; Olper et al., 2011). One study limited the intensity of the 

test to relatively easy to slightly tiring, or 11 to 13 on the Borg rate of perceived 

exertion scale (Guimarães et al., 2008). In coronary heart disease, the measurement 

properties investigated were relative reliability, measurement error, construct validity 

and responsiveness. In chronic heart failure, the measurement properties investigated 

were relative reliability, measurement error and criterion validity.  

The relative reliability of the treadmill 6MWT in coronary heart disease was 

supported with limited-level evidence between the second and third test, however, 

between the first and second and in chronic heart failure populations, it remains 

unknown. In coronary heart disease, the reported ICCs between the second and third 

walk ranged from .93 (Cervie et al., 2012) to .97 (Olper et al., 2011). In chronic heart 

failure, one study with a sample size of 23 reported an ICC of .88 (Guimarães et al., 

2008).  
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There was moderate-level evidence rejecting support for the measurement error 

between the second and third treadmill 6MWT at baseline in coronary heart disease. 

The measurement error of the treadmill 6MWT in coronary heart disease between the 

first and second test in coronary heart disease and in chronic heart failure populations 

remains unknown. Two studies reported the measurement error of the treadmill 

6MWT in coronary heart disease. At baseline, between the second and third walk the 

SDC ranged from 64 m (Olper et al., 2011) to 77 m (Cervie et al., 2012). At the 

completion of cardiac rehabilitation, in a sample of 20 patients the SDC between the 

second and third walk was 50 m (Olper et al., 2011). The MIC was reported to be 54 

m (Cervie et al., 2012). The MIC was less than the SDC between the second and third 

walk at baseline, but greater that the SDC between the second and third walk after a 

cardiac rehabilitation intervention. The measurement error of the 6MWT in chronic 

heart failure is unknown; one study presented Bland Altman plots but did not provide 

author justification of the size of the measurement error (Guimarães et al., 2008).  

The evidence for both the criterion and construct validity of the treadmill 6MWT in 

coronary heart disease remains unknown. In chronic heart failure, there was limited-

level evidence rejecting support for the criterion validity of the treadmill 6MWT and 

no evidence for the construct validity. In coronary heart disease, one study reported an 

association between the distance walked in the treadmill 6MWT and the corridor 

6MWT at baseline (r = .72) and after a cardiac rehabilitation program (r = .67). In 

chronic heart failure, when the distance walked in the treadmill 6MWT was compared 

with the peak oxygen uptake expressed as a percentage of the predicted maximum 

oxygen uptake the association was .53 (Meyer & Laederach-Hofmann, 2003). No 
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study was retrieved that investigated the construct validity of the treadmill 6MWT in 

chronic heart failure.  

The evidence for the responsiveness of the treadmill 6MWT in cardiac populations 

remains unknown. Three studies of poor methodological quality were retrieved. In 

coronary heart disease, there was no difference in the change in 6MWT according to 

the global rating of change anchors after a two-week intervention (Cervie et al., 

2012). The effect size reported after a two-week intervention was .9 (Olper et al., 

2011). In chronic heart failure, one study reported a positive association between 

change in distance and change in oxygen consumption at ventilatory threshold (Meyer 

& Laederach-Hofmann, 2003).  

7.4.3.3.2 Measurement properties of the 200 m and 100 m fast walk 

test. 

The measurement properties of the 200 m fast walk test were described in three 

studies using a coronary heart disease population (Casillas et al., 2015; Gremeaux et 

al., 2009; Gremeaux et al., 2012) and the measurement properties of the 100 m fast 

walk test were described in one study (Houghton et al., 2002). In the 200 m fast walk 

test patients were required to walk up and down a 50 m corridor as fast as possible 

without running with standard encouragement at mid distance, rest breaks were 

permitted and the time taken in seconds was the main outcome measure (Casillas et 

al., 2015; Gremeaux et al., 2009; Gremeaux et al., 2012). The protocol for the 100 m 

fast walk test was not described, but the main outcome measure was time taken 

(Houghton et al., 2002). An improvement in the test performance for both the 200 m 

fast walk test and the 100 m fast walk test was seen by a reduction in the time taken to 
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complete the test. The measurement properties that have been assessed in the 200 m 

fast walk test were relative reliability (Gremeaux et al., 2012), criterion validity 

(Casillas et al., 2015; Gremeaux et al., 2012), construct validity (Gremeaux et al., 

2012) and responsiveness (Gremeaux et al., 2009; Gremeaux et al., 2012). The 

measurement properties that have been assessed for the 100 m fast walk test in 

chronic heart failure were criterion validity and construct validity (Houghton et al., 

2002).  

There was limited-level evidence from one study supporting the relative reliability of 

the 200 m fast walk test in coronary heart disease. The reported ICC between the first 

and second walk was .97. No studies were retrieved that investigated the measurement 

error of the 200 m fast walk test.  

There was moderate-level evidence that rejected support for the criterion validity of 

the 200 m fast walk test in coronary heart disease and no evidence for the construct 

validity or the responsiveness of the 200 m fast walk test. There was a negative 

moderate association between the 200 m fast walk test time and the highest HR 

achieved in the final minute of the treadmill symptom-limited exercise test (Casillas et 

al., 2015). In one study of poor methodological quality, there was a moderate negative 

association between the 200 m fast walk test and the 6MWT (r = -.417) at the start of 

cardiac rehabilitation and a strong negative association between the 200 m fast walk 

test and the 6MWT following cardiac rehabilitation (r = -.566) as well as associations 

between the 200 m fast walk test and the MOS SF-36 physical component score (r = -

.77) that were stronger than between the 200 m fast walk test and the MOS SF-36 

mental component score (Gremeaux et al., 2012). For responsiveness, no study used 

the preferred method of using a criterion or setting a-priori hypotheses. Two studies, 
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using the same data, report a standardised response mean of 1.11 (Gremeaux et al., 

2009; Gremeaux et al., 2012).  

One study was retrieved that reported measurement properties of the 100 m fast walk 

test in a chronic heart failure population (Houghton et al., 2002). The criterion and 

construct validity were evaluated, however, due to the small sample size (n = 20) the 

evidence is unknown. The association between the treadmill time and the 100 m fast 

walk test time was -.64 and less than the recommended .70 required to support the 

measurement property. There was a weak negative association between the 100 m fast 

walk test and pedometer readings but a moderate negative association between the 

100 m fast walk test and quality of life. The measurement properties of the 100 m fast 

walk test in cardiac populations remains unknown due to insufficient evidence.  

7.4.3.3.3 Measurement properties of the 1 km treadmill test. 

The measurement properties of the 1 km treadmill test were described in one study 

(Chiaranda et al., 2012). The test required patients to walk on the treadmill at a pace 

they believed they could maintain for 10 to 20 minutes at a moderate intensity. The 

test started when the pace was selected. Rate of perceived exertion was monitored 

every two minutes and walking speed adjusted accordingly. The time to complete 1 

km was recorded as the outcome measure and an improvement in the test was seen by 

a reduction in the time to complete. The measurement property evaluated in the 

sample of 178 male patients with coronary heart disease was criterion validity. 

There was limited evidence from one study supporting the evidence for the criterion 

validity in patients who received beta-blocker therapy but not patients who did not 
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receive beta-blocker therapy (Chiaranda et al., 2012). The average speed and 

maximum HR during the 1 km treadmill test along with BMI and age were used to 

predict peak oxygen uptake on the treadmill symptom-limited exercise test. The 

sample sizes were small. However, the testing of the equations on independent 

samples showed an adequate association (r > .70) for the group receiving beta blocker 

therapy but not for the group who did not receive beta blocker therapy (r < .70). There 

is limited evidence supporting the criterion validity of the 1 km treadmill test in 

patients with beta-blocker therapy, and limited evidence to reject support for the 

criterion validity of the 1 km treadmill test in patients not receiving beta-blocker 

therapy.   

7.4.3.3.4 Measurement properties of the 2 minute step test.  

The measurement properties of the 2 minute step test was described in one study 

using a chronic heart failure population (Alosco et al., 2012). For the step test, 

patients marched on the spot for two minutes lifting their knees to a marked target on 

the wall. Patients were allowed to use the back of a chair or wall for balance support. 

The main outcome measure was the number of times the right knee met the marker on 

the wall, an increase in this number represented an improvement in test performance 

(Alosco et al., 2012). The measurement property assessed was construct validity. 

There was limited quality evidence from one study providing evidence to support the 

construct validity of the 2 minute step test in chronic heart failure (Alosco et al., 

2012). There were weak negative associations between the 2 minute step test outcome 

and age (r = -.20) and depression score (r = -.18) as well as weak associations 
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between the 2 minute step test outcome and measures of cognitive function 

(.19 ≤ r ≤ .29). The results of the associations are summarised in Appendix 10.  

7.4.3.3.5 Measurement properties of the stair climb test. 

The measurement properties of a stair climbing test was described in one study using 

a coronary heart disease population (Delahaye et al., 1997). The test required patients 

to follow an investigator and ascend 46 steps. The time to climb the steps was the 

main outcome measure. The measurement properties assessed were criterion validity 

and construct validity. However, the evidence supporting the construct or criterion 

validity of the stair climbing test remains unknown due to the low sample size 

(n = 13). 

7.4.3.3.6 Measurement properties of the modified Groningen Fitness 

for the Elderly walking test for cardiac disease. 

The measurement properties of a modified Groningen Fitness for the Elderly walking 

test for cardiac disease was reported in one study retrieved on patients with coronary 

heart disease (de Greef et al., 2005). The original Groningen Fitness for the Elderly 

walking test protocol was modified to accommodate patients with coronary heart 

disease. A walking track that measured 16.7 by 8.3 m was set up, and participants 

were paced around the track by a series of beeps according to the following speeds: 1 

minute at 4.5 km/hr, 1 minute at 5.0 km/hr, 1 minute at 5.5 km/hr, 2 minutes at 6 

km/hr, 3 minutes at 6.5 km/hr and 4 minutes at 7km/hr (de Greef et al., 2005). 

Participants scored 1 point for each 16.67 m walked. The measurement properties 

assessed were relative reliability, measurement error and criterion validity.  
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There was limited evidence from one study supporting relative reliability. However, 

the evidence for measurement error and criterion validity remain unknown (de Greef 

et al., 2005). Relative reliability between the first and the second test was high, the 

ICC was .98 when all participants were included in the analysis, and .92 when the 

participants who completed the test (a 35% ceiling effect) were excluded from 

analysis. The 95% limits of agreement were presented; however, the authors did not 

provide justification on the size or adequacy of the measurement error. There was a 

positive association between the modified Groningen Fitness for the Elderly walking 

test outcome and the relative peak oxygen uptake of the symptom-limited bicycle test 

(r = .77), however, due to the low sample size the evidence supporting the criterion 

validity remains unknown.  

7.4.3.3.7 Measurement properties of the 20 m shuttle walk test. 

The measurement properties of a 20 m shuttle walk test was described in one study 

using a coronary heart disease population (Gayda et al., 2003). The participants were 

required to walk or run a 20 m course, the initial speed was 3 km/hr and there were 1 

km/hr increments each minute until the patient could no longer maintain the required 

speed. The outcome measures assessed were maximum oxygen uptake, maximum 

ventilation, maximal heart rate and maximal speed. The measurement property 

assessed was criterion validity. The associations between the relative maximum 

oxygen uptake, maximal heart rate and speed were strong (r = .91, .80 and .89, 

respectively). The association between maximal ventilation during the shuttle and 

symptom-limited exercise test was moderate (r = .61). The evidence supporting the 

criterion validity of the 20 m shuttle walk test remains unknown due to the low 

sample size (n = 10). 
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7.4.3.4 Synthesis of results. 

A best evidence synthesis was performed for each field exercise test according to 

patient group. Table 7.7 summarises the methodological quality of each study and the 

quality of the measurement properties assessed in the studies. The studies from the 

same patient group for each field exercise test were pooled and a level of evidence 

was applied as strong, moderate, limited, conflicting or synthesised and whether the 

quality of the measurement property was in support or not, or unknown, as can be 

viewed in the shaded rows titled Best evidence synthesis.  

7.4.4 The interpretability of the field exercise tests. 

Only tests with sufficient support for measurement properties were reviewed for 

interpretability, specifically to determine if the evidence supported the capacity of the 

field exercise test to detect important changes.  

.
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7.4.4.1 Interpretability of the 6MWT. 

For coronary heart disease, 6MWT distances ranged from 15 m (Opasich et al., 2004) 

to 762 m (Kristjánsdóttir et al., 2004), and when allowed to run, 1073 m (Mandic, 

Walker, et al., 2013). For chronic heart failure, walk distances ranged from 134 

(Opasich et al., 2001) to 692 m (Zugck et al., 2000). The greatest mean change in 

6MWT distance occurred when there was at least 12 weeks of exercise intervention 

between the walk tests (Araya-Ramírez  et al., 2010; Bittner et al., 2000; Verrill et al., 

2003). One study reported a mean deterioration in walk test scores of 4 m when there 

was a six-week delay in the commencement of cardiac rehabilitation (Wright et al., 

2001).  

Floor and ceiling effects were not specifically discussed in the studies that were 

retrieved for the systematic review. One study reported 13 out of 58 elderly patients 

with CHD elected to jog during the 6MWT (Mandic, Walker, et al., 2013). These 

participants had a mean age of 72 years and had a higher level of aerobic fitness as 

measured by peak oxygen consumption (ml/kg/min) compared with the rest of the 

group (24.7 (4.5) vs 18.3 (4.4) p < .001). It is possible that the walk test represents 

insufficient change, and that this reflects a ceiling effect in the traditional 6MWT 

where participants are instructed not to jog.  

One study reported the MIC of the 6MWT in patients with coronary heart disease who 

attended cardiac rehabilitation (Gremeaux et al., 2011). The results from an anchor-

based approach using patients to rate their change and a distribution-based approach 

using the SEMconsistency were consistent at 23 m when the global rating of change was 

measured during the cardiac rehabilitation program and the before and after cardiac 
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rehabilitation 6MWT distances were used. The authors also recommended that 25 m 

be considered the MIC to signify important change following a ROC analysis, at this 

level the positive predictive value was .9. When the therapists assessed the patient for 

meaningful change, the results varied, the MIC using an anchor-based approach was 

15 m and when using a distribution-based approach was 36 m. The agreement 

between patient and physiotherapist was κ=.17.  

7.4.4.2 Interpretability of the 10 m ISWT. 

All participants were able to commence the 10 m ISWT. For the CHD patients, when 

a range was provided, the distance completed ranged from 30 m (Hanson et al., 2016) 

to 830 m (Fowler et al., 2005). The range of scores were not provided for the studies 

with participants with chronic heart failure. For patients who rated themselves as 

unchanged after a cardiac rehabilitation program, the mean improvement in the 10 m 

ISWT walk distance was 29 m, 95% CI [12, 47] (Houchen-Wolloff et al., 2015).  

One study reported the MIC in patients with CHD across a six-week cardiac 

rehabilitation exercise intervention (Houchen-Wolloff et al., 2015). The results from 

an anchor-based approach, to rate themselves at least slightly better, participants 

needed to improve their walk distance by 70 m and to rate their improvement as better 

participants needed to improve their walk distance by 85 m. One hundred and seven 

of the 220 patients achieved an increase of 70 m, and this included 16 who rated 

themselves as about the same and three people who rated themselves as slightly worse 

or worse. Using a distribution-based approach, the MIC was 37 m with a small effect 

size of .38. Of the 220 patients, 147 had an effect size of at least .2. There was poor 
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agreement between the anchor-based and distribution-based methods (kappa κ = 

.002). 

7.4.5 The preferred field exercise test for measurement of physical 

fitness and functional capacity in cardiac rehabilitation. 

In general, the 6MWT and the 10 m ISWT were well-tolerated. There were no serious 

adverse responses to testing, with symptoms at the end of test including shortness of 

breath and fatigue, which typically resolved quickly. Most studies specified exclusion 

of patients who were unable to walk for any neurological or musculoskeletal reason 

and the use of a gait aid was not a reason for exclusion. Floor and ceiling effects were 

not commonly noted. 

The 10 m ISWT appears to be a more suitable field exercise test for cardiac 

rehabilitation than other tests that have been evaluated in this systematic review. 

There is also evidence supporting some of the measurement properties for the 6MWT 

in specific cardiac populations. A summary of the measurement properties and 

interpretability of the 6MWT and the 10 m ISWT are shown in Tables 7.8 and 7.9.  
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Table 7.8  

Summary of the Measurement Properties and Interpretability of the 6MWT and 10 m 

ISWT in Coronary Heart Disease 

Measurement Properties 6MWT 10 m ISWT 
 Relative Reliability   

     Test-1-2 Moderate Support High Support 

     Test-2-3 Moderate Support Moderate Support 

 Measurement Error   

     Test-1-2 Moderate Reject Conflicting 

     Test-2-3 Conflicting Moderate Support 

 Criterion Validity   

     Test-1 Moderate Reject High Support 

     Repeat testing Limited Support High Support 

 Construct Validity Limited Support Unknown 

 Responsiveness Limited Support Limited Support 

Interpretability  Floor: No 

Ceiling: Possibly 

MIC (ROC): 25 m  

Floor: No 

Ceiling: No 

MIC (Distribution): 37 m 

MIC (Anchor): 70 m 

Note. MIC = minimum important change; ROC = receiver operating curve.   

For the 10 m ISWT, there is emerging support for the measurement properties when a 

single test is completed and stronger support for the measurement properties when 

two tests are completed. For the 6MWT, the measurement properties are not 

supported when a single test is completed but there is emerging support when two or 

more tests are completed and either the best test score or the final test score is used.  
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Table 7.9  

Summary of the Measurement Properties and Interpretability of the 6MWT and 10 m 

ISWT in Chronic Heart Failure 

Measurement Properties 6MWT 10 m ISWT 
Relative Reliability   

     Test-1-2 Moderate Support Unknown 

     Test-2-3 Unknown Limited Support 

Measurement Error   

     Test-1-2 Unknown Unknown 

     Test-1-2 Unknown Unknown 

Criterion Validity   

     Test-1-2 High Reject Limited Support 

     Repeat Testing Conflicting Moderate Support 

Construct Validity Limited Support Unknown 

Responsiveness Limited Support Unknown 

Interpretability  Floor: No 

Ceiling: Unknown 

MIC: Unknown 

Floor: No 

Ceiling: No 

MIC: Unknown 

Note. MIC = minimum important change. 

7.5 Discussion 

The 6MWT and 10 m ISWT have been widely used in cardiac rehabilitation to 

measure physical fitness and functional capacity. Both tests were completed safely in 

clinical or field environments with little equipment. No major adverse responses were 

recorded in any of the included studies. The 6MWT has been studied more 

extensively than other field exercise tests. The relatively recent development of the 

10 m ISWT is a possible reason for the fewer studies retrieved in this systematic 

review, and this is consistent with findings in a respiratory population (Singh et al., 

2014). The current systematic review also retrieved studies on other field exercise 
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tests, such as the treadmill 6MWT and 200 m fast walk test, but there was limited 

information on the measurement properties of these alternate field tests. The findings 

of this systematic review demonstrate there is sufficient evidence to support the 10 m 

ISWT as a field test in cardiac rehabilitation as well as the 6MWT in some cases and 

that there is no need to continue to develop alternative field exercise tests for this 

group of patients. 

The measurement properties of the 6MWT and the 10 m ISWT appear to be 

reasonable, with stronger support emerging for the 10 m ISWT. The results 

demonstrate support for the measurement properties of the 10 m ISWT when one test 

is performed and stronger support when the test is repeated and either the best test or 

the results of the second test used. For the 6MWT, the results of the systematic review 

show that a minimum of two tests need to be completed and the results of the best test 

or the final test recorded. The results of this systematic review did not support 

recording the mean test score of the results. In respiratory disease, the current 

guidelines recommend that when more than one test is completed the best test score is 

used (Holland et al., 2014). The results of this systematic review supports the 

adoption of this practice in cardiac rehabilitation when more than one test is 

performed.  

The evidence for the concurrent criterion validity was stronger for the 10 m ISWT 

than the 6MWT, which may reflect the similarities between the incremental nature of 

the 10 m ISWT and the symptom-limited exercise tests. In cardiac populations, the 

10 m ISWT may be a better measure of physical fitness and functional capacity than 

the 6MWT, which may be limited by not allowing ambulation faster than walking. 

The submaximal self-paced nature of the 6MWT may limit the measurement of 
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physical fitness and functional capacity especially in the coronary heart disease 

population.  

This systematic review retrieved two studies reporting the MIC in CHD populations, 

one for the 6MWT and one for the 10 m ISWT. The MIC and the interpretability of 

the two field exercise tests is not well understood. The studies provided information 

on the improvement that one group of patients perceives as important. For the 6MWT, 

25 m was proposed as the MIC in patients with CHD. For the 10 m ISWT, the MIC 

ranged from 37 m using a distribution-based approach and 70 using an anchor-based 

approach for minimum change. A MIC of 25 m for the 6MWT has implications for 

the acceptable size of the measurement error, with the SDC of all studies retrieved in 

this systematic review greater than 25 m. This means that the smallest unit of real 

change that can be detected is greater than the important change identified. 

This systematic review did not retrieve any studies reporting on the MIC for detecting 

worsening health as perceived by the patient or therapist. An important finding is that 

patients do not seem to rate small improvements in field exercise tests as 

improvement in their global rating of change (Houchen-Wolloff et al., 2015). This 

suggests that improvement needs to be relatively large before patients are satisfied 

that they have made meaningful change to their physical fitness and functional 

capacity.  

The standardisation of the walking tests makes it more likely that test conditions will 

be similar when different staff, in longitudinal data collection, or across departments 

or organisations, repeat the 10 m ISWT. There was less variation in the administration 

of the 10 m ISWT compared with the 6MWT. All studies of the 10 m ISWT used the 
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recommended 10 m walking track, standard explanations and a pre-recording with 

beeps to control walking speed. However, in the 6MWT, there was considerable 

variation in track length, instructions varied regarding whether the patient was 

instructed to walk as far as possible or as fast as possible, the provision of 

encouragement was variable and there were attempts to control the intensity of the 

test in some cases. The large variation in the 6MWT procedures makes it more 

difficult to be confident of consistency in the test conditions. There was variation in 

the instructions of the 6MWT, whether patients were to walk as fast as they could or 

as far as they could as well as variations in the length of the walking track. In a 

respiratory population, the track design and length, provision of encouragement and 

whether the instructions advised patients to walk as fast or as far as possible affect test 

outcomes (Holland et al., 2014). The standardised test administration may in part 

explain the superior measurement properties of the 10 m ISWT compared with the 

6MWT in this population.  

The shorter walking track that is required for the 10 m ISWT, compared with the 

6MWT, is a clinical advantage. A 10 m flat indoor walking track may be more 

practical and more easily accessed than a quiet 30 m walking track for the 6MWT. 

The ease of standardisation makes it more likely that the test conditions will be the 

same when the 10 m ISWT is repeated by different staff or for longitudinal data 

collection.  

The potential for a ceiling effect was not specifically studied in the studies retrieved 

for this systematic review, however evidence of a ceiling effect was demonstrated in a 

group of patients who were permitted to jog during the 6MWT (Mandic, Walker, et 
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al., 2013), suggesting that a ceiling effect may be a problem in cardiac rehabilitation 

patients who are not limited by symptoms during walking.  

The self-paced 6MWT walk test may be more appropriate and may perform as well as 

other field exercise tests in some groups but not others. It is possible that the test 

performs better in patients who are limited by symptoms at a consistent work rate, 

such as breathlessness in chronic heart failure populations. Evidence that those with 

greater disease severity perform less well in the 10 m ISWT than the 6MWT and the 

idea that the 10 m ISWT may underestimate functional capacity in these patients 

(Pulz et al., 2008) requires needs further investigation.  

Field exercise tests offer a quicker and cheaper alternative to a symptom-limited 

exercise test conducted in a laboratory for assessment and monitoring of physical 

fitness and functional capacity. If patients are required to wait for a laboratory-based 

symptom-limited exercise test prior to commencing cardiac rehabilitation the cost of 

cardiac rehabilitation will increase and start times may be delayed. In clinical practice, 

it may be possible to complete only one 10 m ISWT. Despite an improvement in the 

measurement properties on repeated testing, the measurement properties from the 

studies retrieved in this systematic literature review for the 10 m ISWT were 

acceptable after one test and this is important consideration for the feasibility of the 

test.  

7.5.1 Strengths and limitations. 

The strengths of this systematic review are around the rigour in methods and the 

application. The systematic review was prospectively registered, and reported 
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according to PRISMA. It used rigorous methods based on COSMIN to evaluate 

measurement properties. There was good to excellent agreement between researchers 

on inclusion and exclusion, data extraction and quality assessment scoring. The 

results of this review were based on 16,529 participants in 78 studies, which increases 

the confidence in findings.  

Limitations of this review include the restriction of abstracts and studies published in 

English language and limiting the review to adults with any form of cardiac disease. 

However, the large number of studies in included in this review with 78 studies 

evaluating 16,529 patients increases confidence in the findings. The measurement 

properties reported cannot be extended to populations beyond those included in this 

systematic review or to children. In addition, the role of the field exercise tests as 

diagnostic or prognostic indicators was not considered. An underlying assumption to 

this systematic review was that the measurement properties of the symptom-limited 

exercise test are acceptable.  

Future research in this area should continue to assess the measurement properties of 

the 6MWT and the 10 m ISWT, in their standardised form, in specific cardiac 

rehabilitation populations, and using the recommendations from COSMIN. Research 

that uses the MIC to interpret the size of the measurement error will be important to 

decide if one test or two tests are required. The construct validity and responsiveness 

of both the tests needs further assessment with study designs that use a-priori 

hypothesis testing.  

In conclusion, there is sufficient evidence to continue to support the use of the 6MWT 

and 10 m ISWT in cardiac rehabilitation with a preference for the 10 m ISWT. There 
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is also sufficient evidence to continue to support research investigating the 

measurement properties and interpretability of these tests as measures of physical 

fitness and functional capacity and there is no need to develop alternative field 

exercise tests for this population. 
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Chapter 8: Discussion and Future Directions 

8.1 Chapter Aims 

For low-risk patients entering a low-moderate intensity cardiac rehabilitation 

program, the 6MWT and the 10 m ISWT are two common field exercise tests 

proposed as alternatives to symptom-limited exercise tests (Goble & Worcester, 1999, 

p. 162; NSW Department of Health, 2006). The primary aim of this thesis was to 

determine the best field exercise test for assessing physical fitness and functional 

capacity in cardiac rehabilitation. In this final chapter, the results of the research are 

summarised followed by a discussion of the key issues arising from the main findings. 

Finally, the strengths and limitations of the research are outlined, and 

recommendations made for future research. 

8.2 Summary of Main Findings 

This thesis describes a series of studies that evaluated the measurement properties of 

the 6MWT and 10 m ISWT as a measure of physical fitness and functional capacity in 

cardiac rehabilitation, according to methodological recommendations from the 

COSMIN group (Chapters 2 to 7). This was followed by a systematic review and 

synthesis of the existing literature for the evidence for measurement properties of any 

field exercise test used in cardiac rehabilitation in people with cardiac disease 

(Chapter 8).  
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The results presented in Chapter 2 indicated that the 6MWT might not be an 

appropriate test to assess physical fitness and functional capacity in a cardiac 

rehabilitation population due to high systematic error and insufficient test retest 

reliability. The ICCconsistency across three walk tests during a baseline cardiac 

rehabilitation assessment was high (.94), indicating that the between-patient variation 

remained stable. The systematic error, even after three walks remained large, as 

demonstrated by the moderate ICCagreement value (.66), and the large SEMagreement and 

wide 95% limits of agreement. The research presented in Chapter 2 of this thesis 

showed, for the first time in a cardiac rehabilitation population, the difference 

between the ICCconsistency and ICCagreement values, and that interpretation of an ICC 

model based on the relative ranking of scores, without consideration of systematic 

change or absolute values, might be misleading. The additional information from 

ICCagreement demonstrates that it is an important consideration in relative reliability 

when the individual absolute scores of the test are used in clinical decision making, 

such as the use of the distance walked to guide exercise prescription or to measure 

true change after an intervention. 

The results presented in Chapter 3 were in contrast to those presented in Chapter 2, 

demonstrating high test-retest reliability of the 10 m ISWT with only a small amount 

of systematic error when used in a mixed cardiac rehabilitation population when one 

or two tests were performed. The results demonstrated the size of measurement error 

between the first and second, and the second and third tests were likely to be 

acceptable, and change scores over cardiac rehabilitation were likely to be greater 

than measurement error. The results provided evidence to support the use of a single 
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10 m ISWT or two 10 m ISWTs with the first regarded as a practice test in cardiac 

rehabilitation. 

In light of the support of the retest reliability of the 10 m ISWT, the evidence for the 

validity of the 10 m ISWT in a mixed cardiac rehabilitation population was 

investigated. Chapter 4 reported evidence that supports the concurrent criterion 

validity of the 10 m ISWT in cardiac rehabilitation when one or two tests were 

performed. The good association between the 10 m ISWT distance and time achieved 

on the symptom-limited exercise test suggest the 10 m ISWT may be a cost-effective 

measure of physical fitness and functional capacity in cardiac rehabilitation. The 

results supported the evidence for the concurrent construct validity when both one 

10 m ISWT and two 10 m ISWTs were performed in a single session. Despite the 

good levels of association, the distance walked in either the first or the second 10 m 

ISWT was unable to predict, with confidence, the time achieved on the symptom-

limited exercise test in an individual, due to relatively wide confidence bands. It is 

possible that increasing the sample size would improve the utility of the 10 m ISWT 

to predict the outcomes of the symptom-limited exercise test. 

Chapter 5 reported on the construct validity and responsiveness of the 10 m ISWT in 

cardiac rehabilitation. For construct validity, six of the seven a priori hypotheses 

tested were at least partially accepted. Convergent themes emerged between the 

distance walked in the 10 m ISWT and alternate measures of physical fitness or 

functional capacity, including self-reporting of the amount of weekly exercise and 

physical functioning and reporting of functional activity. Divergent themes emerged 

between the 10 m ISWT and outcomes that did not relate to physical fitness or 

functional capacity including the poor association between the 10 m ISWT distance 
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and the MOS SF-36 scale scores of Social Functioning, Role Emotional and Mental 

Health. For responsiveness, all five a-priori hypotheses tested were at least partially 

accepted. The a-priori hypotheses tested demonstrated support for both the internal 

and the external responsiveness of the 10 m ISWT over an eight-week cardiac 

rehabilitation program. Support for responsiveness was present when both one test, 

and two tests, with the first regarded as a practice test were performed.  

The results of the interpretability of the 10 m ISWT over a comprehensive cardiac 

rehabilitation program were presented in Chapter 6. The minimally important change 

(MIC) for patients to identify an improvement ranged from 71 m to 92 m when one 

test was performed, and 70 m to 85 m when two tests were performed, with the first 

regarded as a practice test. These findings provided further support for the adequacy 

of the measurement error of the 10 m ISWT, with the MIC being larger than the 

smallest detectable change when both one test and two tests were completed. This 

chapter also presented evidence that patients who made small gains in the distance 

walked in the 10 m ISWT may not perceive any improvement and may report a 

deterioration in their global rating of change. This was the second study to present 

information on the MIC of the 10 m ISWT in patients attending cardiac rehabilitation, 

and the results of this study were consistent with the anchor-based results of the 

original study (Houchen-Wolloff et al., 2015). 

The systematic review reported in Chapter 7 demonstrated that the 6MWT and the 

10 m ISWT field exercise tests were the two most commonly used field exercise tests 

in cardiac rehabilitation and that there was evidence to support at least some of the 

measurement properties of the two tests. There was stronger support for the 10 m 

ISWT across all the measurement properties. Differences in support of the 
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measurement properties between the 10 m ISWT and the 6MWT occurred when one 

or more than one field test was performed. For example, in chronic heart failure, there 

was moderate-level evidence to reject concurrent criterion validity when one 6MWT 

was performed and moderate-level evidence to support concurrent criterion validity 

when more than one 6MWT was performed. This variability in the summary of 

measurement properties was not as obvious for the 10 m ISWT when one or more 

tests were performed. The systematic review also identified further gaps in evidence 

for the measurement properties of field exercise tests in specific patient groups, such 

as chronic heart failure. Measurement error, predictive criterion validity and 

responsiveness of the 10 m ISWT in chronic heart failure remains unknown, as does 

predictive criterion validity of the 10 m ISWT in coronary heart disease. Therefore, 

the systematic review supported the conclusions from Chapters 2 through to 7 that the 

10 m ISWT is, given the available evidence, the best field exercise test for use in 

cardiac rehabilitation. 

8.3 Key Issues Arising from the Main Findings of the Thesis 

8.3.1 The 10 m ISWT, compared with the 6MWT, had superior 

measurement properties in cardiac rehabilitation. 

This thesis has demonstrated the 10 m ISWT has superior measurement properties 

than the 6MWT in cardiac rehabilitation when used as a measure of physical fitness 

and functional capacity. From the systematic review, where sufficient evidence was 

available, the measurement properties of the 10 m ISWT outperformed the 6MWT in 

both coronary heart disease and chronic heart failure populations. Studies of the 

measurement properties of alternative corridor or treadmill walk tests were retrieved, 
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but were much less common. This thesis emphasises that there is no need to continue 

developing alternative field exercise tests. Focus should be on the 10 m ISWT and 

perhaps on the 6MWT using a standardised protocol in specific cardiac rehabilitation 

populations, for example heart failure with moderate impairment (Williams & Naylor, 

1992).  

The 10 m ISWT demonstrated acceptable measurement properties without the need 

for practice tests, whereas the 6MWT did not demonstrate sufficient retest reliability 

when up to three tests were performed. The superior measurement properties of the 

10 m ISWT compared with the 6MWT in cardiac rehabilitation may be, in part, due to 

capacity of the test to measure across the largely heterogeneous cardiac rehabilitation 

population. The test was suitable for a range of ambulant patients with varying levels 

of physical fitness and functional capacity without evidence of a floor or ceiling 

effects. The 6MWT was not a suitable test for all ambulant patients attending cardiac 

rehabilitation with evidence suggesting a ceiling effect in patients with milder 

impairment who were able to run during a 6MWT (Mandic, Walker, et al., 2013). It is 

possible that some patients reached their maximum walk speed and were unable to 

further increase their distance walked, an effect demonstrated in patients with mild 

pulmonary artery hypertension (Frost et al., 2005). 

The support for the measurement properties of the 10 m ISWT over the 6MWT may 

have been due to the standardisation of the 10 m ISWT and reduced sources of error 

affecting reliability (Rothstein, 1985, p. 8). The three sources of error that can 

threaten test retest reliability of an exercise test in cardiac rehabilitation include 

inherent characteristics of the tests causing variability, a lack of consistency from the 

participants, and potential for errors made by the clinician supervising the test 
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(Rothstein, 1985, p. 8). The 10 m ISWT has limited test and operator variability 

compared with the 6MWT.  

8.3.1.1 Test variability. 

The 10 m ISWT is a standardised test, with little scope for test variability and 

interpretation of how the test should be performed compared with the 6MWT. The 

standard operating procedures for the 10 m ISWT clearly outline how the test is to be 

conducted, the instructions given to the patient and reasons for stopping the test 

(Singh et al., 1992). These standard operating procedures for the 10 m ISWT were 

adhered to throughout this thesis and each test was conducted under the same 

conditions. The studies retrieved in the systematic review also showed very little 

variation in the reported conduct of the 10 m ISWT with the majority of studies 

following the standard operating procedures of Singh et al. (1992). Two studies 

reported following the operating procedures of Tobin and Throw (1999) for the 10 m 

ISWT, however, the procedure described was consistent with that described by Singh 

et al. (1992). One variation was noted in one study that extended the 10 m ISWT with 

the addition of three one-minute levels (Levels 13-15) applying the same increments 

in speed per minute (Pepera et al., 2013). 

The current standard operating procedures for the 6MWT were for testing of patients 

with respiratory conditions (Holland et al., 2014). The research presented in Chapter 2 

preceded the release of these standard operating procedures, and followed the protocol 

described by Guyatt et al. (1985). The studies retrieved for the systematic review 

highlighted the variations in the conduct of the 6MWT. Variations included the track 

length or circuit, location of test such as indoor corridor or outdoor walking track, 
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instructions provided to the patient such as to walk as far as possible or as fast as 

possible, provision and frequency of encouragement and permission to run or not. The 

standard operating procedures (Holland et al., 2014) describe track length, and 

instruction, encouragement as key variables in the 6MWT, known to affect the 

distance walked.  

There has been much variation in the track length of the 6MWT in the literature, 

despite a minimum of a 30 m track recommended to reduce the number of turns 

during the 6MWT (Holland et al., 2014). In this thesis, the 6MWT was conducted on 

a quiet 20 m indoor corridor track with markings on the wall at regular intervals. 

Space was a constraint at the testing hospital; the hospital did not have a 30 m indoor 

walking track available for field exercise tests where participants would not be 

interrupted by other hallway traffic. While there was local standardisation with all the 

6MWT conducted on the 20 m track, there may be some variability when comparing 

to other published literature. To limit variation in 6MWT outcomes due to corridor 

length and frequency of turning, researchers have recommended that the clinician 

consider alternative tests such as the 10 m ISWT if a minimum track length of 30 m is 

not available (Singh, Spruit, Troosters, & Holland, 2015). Strong recommendations 

were made against amending the 6MWT through variations in track length (Holland 

et al., 2014). The requirement for a quiet 30 m corridor that allows uninterrupted 

performance has been described as a cumbersome component (Stevens et al., 1999) 

and may make this test unsuitable in many clinical environments.  

The instructions given prior to the 10 m ISWT were standardised and played to the 

patient via a recording, this eliminated variability in description and instruction on 

completing the test (Singh et al., 1992). This means that all participants across all the 
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research sites received the same instructions in exactly the same manner. In contrast, 

the clinician supervising the test, often read from a script with the possibility of 

between-site variations, provided the description and instruction for the 6MWT. In 

respiratory groups, the instruction to walk as far as possible yields a different result to 

the instruction to walk as fast as possible (Holland et al., 2014). The instruction, to 

cover as much ground as possible, was used consistently in this thesis and is the 

preferred instruction (American Thoracic Society, 2002; Guyatt et al., 1985; Singh et 

al., 1992). It is possible that a pre-recording for the 6MWT similar to the 10 m ISWT 

would overcome the variability seen in the instructions given.  

No encouragement was provided during the 10 m ISWT. Participants were advised of 

the increase in level of the 10 m ISWT and therefore increase in speed with a triple 

beep from the audio recording. In contrast, the provision of encouragement and time 

elapsed in 6MWT protocols varied from no encouragement (Guyatt et al., 1984; 

Guyatt et al., 1985), to every second minute (American Thoracic Society, 2002), to 

every minute (Holland et al., 2014) or every 30 seconds (Guyatt et al., 1984; Guyatt et 

al., 1985). In this thesis, encouragement was provided in a calm and consistent 

manner with standardised statements at 30-second intervals. Encouragement has been 

shown to improve walk distance in the 6MWT (Guyatt et al., 1984). The provision of 

encouragement at 30-second intervals was recommended by Guyatt et al. (1984) and 

later proposed to limit the variability associated with motivation (Wu et al., 2003). 

Therefore, it is possible that the standardised operating procedures minimise test and 

operator variability and therefore measurement error for the 10 m ISWT in cardiac 

rehabilitation. In contrast, test and operator variability are likely contributors to 

measurement error in the administration of the 6MWT.  
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8.3.1.2 Patient variability. 

Patients completing the 6MWT showed variations in the distance walked over 

repeated testing even when testing conditions were standardised within a study. The 

research in this thesis demonstrated that patients referred to cardiac rehabilitation 

continued to increase the distance walked on repeated 6MWTs. This variability on 

repeated testing was not demonstrated in the 10 m ISWT. This difference may be 

attributable to patient variability. Intrinsic motivation or a learning effect of a 

submaximal self-paced walk test is a factor in the 6MWT that may not affect 

externally paced incremental tests, such as the 10 m ISWT. Motivation, patient 

attitudes and beliefs of exercise tolerance may affect performance in submaximal self-

paced exercise testing. A study using the 12 minute walk test in patients with chronic 

bronchitis demonstrated that physical performance was affected not only by mood 

such as anxiety, hostility and depressive symptoms, but also by attitudes and beliefs 

towards oneself, fear of exercise and self-perceived estimation of severity of exercise 

limitation (Morgan, Peck, Buchanan, & McHardy, 1983). The authors hypothesised 

that these findings may be similar in conditions like angina pectoris where 

physiological factors interact with psychological factors (Morgan et al., 1983). A 

similar variation was observed in healthy adults in an international multicentre study 

of the 6MWT, where variations in distance walked could not be attributable to 

anthropometric or physiological factors alone, and the researchers proposed that 

habitual walk speed, cultural influences, and factors relating to lifestyle, mood, 

attitude and motivation needed to be considered (Casanova et al., 2011). No studies 

were retrieved that directly investigated this link in cardiac disease. 
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A learning effect of the 6MWT could explain the systematic error in repeated testing 

seen in this thesis, and has been attributed to the variation in other groups of patients 

with heart disease (Guyatt et al., 1985; Hamilton & Haennel, 2000). This is consistent 

with the learning effect of the 6MWT demonstrated in healthy individuals (Gibbons, 

Fruchter, Sloan, & Robert, 2001), “walk naïve” healthy individuals (Wu et al., 2003), 

and in a 5 minute walk test for people with respiratory conditions (Knox, Morrison, & 

Muers, 1988). Wu et al. (2003) and Gibbons et al. (2001) demonstrated a learning 

effect in healthy individuals over three successive 6MWTs and that the learning effect 

was still present when participants were retested two months later. In respiratory 

disease, the learning effect was observed during repeated 5 minute self-paced walk 

tests, with the greatest variation occurring over the first three tests, but variations 

continued to be observed when up to 12 tests were repeated over three days. In this 

thesis, systematic change in 6MWT distance was observed when up to three 6MWTs 

were performed (Chapter 2). Like the participants in the study by Wu et al (2003), it is 

possible that at commencement of cardiac rehabilitation participants are walk naïve. 

Furthermore, the patients participating in the research in this thesis did not experience 

symptoms limiting submaximal exercise test performance during a submaximal walk 

test, so with each repeated test the participants gained more confidence to cover 

further ground.  

8.3.1.3 Operator variability. 

The operator variability in administration of the 6MWT and 10 m ISWT are not well 

studied. Potential variables from the operator include inaccuracies in test set up such 

as whether the track length was accurately measured each time; accuracy with timing 

the test and recording laps or shuttles. There is more opportunity for variation in 
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instruction and encouragement provided by the operator in the 6MWT. In this thesis, 

every effort was made to ensure the test was repeated under the same conditions. The 

track length was measured and the position of the cones was checked prior to every 

test. Instructions and encouragement for the 6MWT were read from a script in a calm 

and consistent voice. Therefore, in this thesis it is not thought that operator variability 

was an important factor contributing to measurement error for the 6MWT and the 10 

m ISWT.  

8.3.2 The purpose of the exercise tests in cardiac rehabilitation. 

Despite some limitations, this thesis has provided evidence to support the 10 m ISWT 

as a test of physical fitness and functional capacity in patients attending cardiac 

rehabilitation. From a clinician perspective, the field test outcome of the 10 m ISWT 

provides information on baseline level of physical fitness and functional capacity; a 

guide to base treatment decisions and most importantly; a tool to measure and monitor 

change over time. 10 m ISWT outcomes may be used in goal setting, such setting a 

goal to improve the distance walked as an absolute value or percentage of the baseline 

walk distance, or as reassurance to the patient or family about physical fitness and 

functional capacity at a single point in time or as a measure of responsiveness 

(American Association of Cardiovascular and Pulmonary Rehabilitation, 2013, p. 61). 

When used to measure physical fitness and functional capacity the results of this 

thesis supported the discriminative and evaluative role of the 10 m ISWT but not the 

predictive role in cardiac rehabilitation (Kirshner & Guyatt, 1985). It is possible that 

there was insufficient data to determine the predictive utility of the 10 m ISWT in 

cardiac rehabilitation. 
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The 10 m ISWT distance walked may have a discriminative function in cardiac 

rehabilitation, to distinguish levels of physical fitness and functional capacity between 

patients attending a program (Guyatt et al., 1992b). The results support the 

discriminative function of the 10 m ISWT with evidence of a high level of test retest 

reliability when measured for consistency and absolute agreement. Additionally, in 

patients commencing cardiac rehabilitation, the results of a-priori hypothesis testing 

support the evidence for construct validity. The 10 m ISWT is able to rank patients in 

order of best test performance to worst test performance (Kirshner & Guyatt, 1985), 

and this is associated with patient reporting of exercise activities. Clinicians can 

confidently discriminate between individuals or groups of patients with higher or 

lower levels of physical fitness and functional capacity using the 10 m ISWT (Keating 

& Matyas, 1998). This may be useful to describe an individual or group in cardiac 

rehabilitation in terms of physical fitness and functional capacity at a single time. The 

results may also guide clinical decision-making for an appropriate exercise 

intervention, but this thesis did not address this possible clinical application. 

It is possible that there was insufficient data to support the 10 m ISWT as a predictive 

measurement tool. In this thesis, the 10 m ISWT was unable to predict accurately the 

results of a symptom-limited exercise test. While a strong association was observed 

between the distances walked in the 10 m ISWT and the symptom-limited exercise 

test time, the accuracy of an individual 10 m ISWT distance to predict the duration of 

the symptom-limited exercise test was limited by wide 95% confidence intervals. The 

systematic review showed variation in the prediction equations that used the 10 m 

ISWT to predict outcomes of laboratory-based exercise tests including the symptom-

limited exercise test and the cardiopulmonary exercise test. The current evidence does 
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not support the usefulness of the 10 m ISWT as a prediction measurement tool for an 

individual and the results are inconclusive for a group.  

The evaluative purpose of the 10 m ISWT was supported by this thesis for both the 

group and individual (Kirshner & Guyatt, 1985) and as such, the test is suitable for 

monitoring the effects of interventions for groups, or for monitoring the progress of an 

individual. In this thesis, emerging evidence supported both the longitudinal reliability 

and validity, and the interpretability of the MIC of the 10 m ISWT. The evidence to 

support the longitudinal validity or responsiveness was demonstrated using a-priori 

hypothesis testing. The a-priori hypotheses tested demonstrated support for both the 

internal and the external responsiveness of the 10 m ISWT over an eight-week cardiac 

rehabilitation program. These findings were supported by previously reported data 

demonstrating support for the longitudinal reliability and validity of the test (Pepera et 

al., 2010). Support for the responsiveness was present when both one test, and two 

tests, with the first regarded as a practice test, were performed. 

8.3.3 Clinical and theoretical implications. 

8.3.3.1 Clinical implications for cardiac rehabilitation programs 

and clinicians. 

This thesis demonstrates that the 10 m ISWT should be the field test of choice for 

measuring physical fitness and functional capacity in low-moderate risk patients 

commencing cardiac rehabilitation. The 10 m ISWT outcome is suitable to describe 

patients in cardiac rehabilitation at a single time and is a responsive measure of 

change in cardiac rehabilitation. The measurement properties of the test support the 
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discriminative function of the test. This thesis did not investigate the use of test 

outcome or cut-off values for individual exercise prescription.  

The 10 m ISWT is a suitable alternative to the symptom-limited exercise tests as a 

measure of physical fitness and functional capacity. The results suggest that the two 

exercise tests measure similar constructs related to physical fitness and functional 

capacity. The advantage of the 10 m ISWT is that one test can be completed along a 

10 m track by staff within the program with results immediately available. The time 

and cost associated with completing this field test, within the admission and discharge 

cardiac rehabilitation assessment, is minimal and includes a seated rest prior to the 

test, the test duration of up to 12 minutes and after-test monitoring until symptoms 

have returned to normal. In Australia, completion of the symptom-limited exercise 

test in a cardiology laboratory requires referral from a medical doctor. The time 

between identification of need, referral, appointment for testing, reporting and the 

information made available to the cardiac rehabilitation program in Australia is likely 

to be at least two weeks. These additional processes place increased burden on the 

patient, and in non-metropolitan settings can involve considerable travel. This thesis 

supports the use of the 10 m ISWT in assessing physical fitness and functional 

capacity in low-moderate risk patients attending a mixed cardiac rehabilitation 

population. For assessment of physical fitness and functional capacity in low-

moderate risk patients with a field test such as the 10 m ISWT, there appears to be a 

reduction in health care associated costs without compromise to patient care (Porter, 

2010).  

The individual 10 m ISWT distance cannot predict individual results of symptom-

limited exercise test or cardiopulmonary exercise test with accuracy. It is likely that 
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the purpose of measurement of the 10 m ISWT differs from the symptom-limited 

exercise test. The symptom-limited exercise test has discriminative, predictive and 

evaluative functions (Kirshner & Guyatt, 1985). The symptom-limited exercise test is 

used to discriminate between people with and without cardiac disease, level of 

physical fitness and level of impairment; predict risk for future events and prognosis; 

and evaluate disease progression and treatment effect (American Thoracic Society & 

American College of Chest Physicians, 2003; Bruce & Hornsten, 1969; Jelinek & 

Lown, 1974; Myers et al., 1998; Pichurko, 2012; Stelken et al., 1996). The role of the 

10 m ISWT in measuring constructs other than physical fitness and functional 

capacity was not considered in this thesis. Therefore, if diagnosis and prognosis are 

required for a high-risk patient with cardiac disease, for example, it is likely that a 

symptom-limited exercise test or cardiopulmonary exercise test would be required.  

It was beyond the scope of this thesis to conduct a feasibility study. However, 

preliminary evidence supports the feasibility of the 10 m ISWT in cardiac 

rehabilitation. The results of this thesis support the feasibility of the 10 m ISWT in 

terms of acceptability, practicality, integration, and limited efficacy testing (Bowen et 

al., 2009). Acceptability was not specifically addressed in this thesis, however, 

previous research reports that patients prefer corridor walk tests over treadmill tests, 

largely due to fear of falling and treadmill speed (Peeters & Mets, 1996). The 10 m 

ISWT is a practical test, completed within the clinical environment with minimal 

equipment and space under the supervision of cardiac rehabilitation staff such as 

physiotherapists and exercise physiologists. The equipment required is simple and 

accessible, including chairs, cones for a turning circle, stopwatch, and equipment for 

assessment such as stethoscope, sphygmomanometer, pulse oximeter, heart rate 
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monitor, and an audio player with 10 m ISWT recording. The 10 m ISWT requires a 

10 m corridor to conduct the test, much less than the minimum 30 m corridor 

requirement of the 6MWT. The physical requirements for the 10 m ISWT are likely to 

be suitable for a wide range of cardiac rehabilitation programs, from large 

metropolitan, well-resourced and staffed programs, to smaller programs conducted in 

rural communities. It is likely that the completion of a single 10 m ISWT can be 

integrated into existing cardiac rehabilitation assessments with minimal increases in 

costs. The maximum 10 m ISWT duration is 12 minutes with additional time for rest 

and monitoring before and after the test. This time is likely to be acceptable to the 

clinician, the patient and the cardiac rehabilitation coordinators. The research in this 

thesis has demonstrated the efficacy of the 10 m ISWT in cardiac rehabilitation 

through the adequacy of the measurement properties when a single test is performed, 

and support for the discriminative and evaluative functions of the test.  

8.3.3.2 Recommendations for field exercise tests in clinical 

practice guidelines for cardiac rehabilitation. 

This thesis supports the 10 m ISWT as the preferred field walk test when measuring 

physical fitness and functional capacity of patients considered low-intermediate risk 

entering a low-moderate intensity cardiac rehabilitation exercise program. Further, the 

results support the addition of the 10 m ISWT as an alternative to the symptom-

limited exercise test for measurement of physical fitness and functional capacity in 

cardiac rehabilitation guidelines. The symptom-limited exercise test, supervised by a 

cardiologist in a laboratory or within cardiac rehabilitation, is reported as the 

preferred test at the start and end of cardiac rehabilitation (Balady et al., 2007; Dafoe, 

Huston, Wong, & Stokes, 2003; Japanese Circulation Society Joint Working Group, 
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2014; Pavy et al., 2012; Pavy, Iliou, Meurin, Tabet, & Corone, 2006; Piepoli et al., 

2014; Piepoli et al., 2010; Price et al., 2016). When the symptom-limited exercise test 

is not available, the 6MWT is a commonly reported alternative (Price et al., 2016). 

For example, the American Association of Cardiovascular and Pulmonary 

Rehabilitation (2016) strongly recommend the use of a symptom-limited exercise test 

prior to commencing cardiac rehabilitation programs and if not possible, then the 

6MWT is a recommended alternative. There are a small number of cardiac 

rehabilitation programs around the world that include the 10 m ISWT as an alternative 

to symptom-limited exercise testing in cardiac rehabilitation (Audelin, Savage, & 

Ades, 2008; British Association for Cardiovascular Prevention and Rehabilitation, 

2012; McCreery et al., 2013; Scottish Intercollegiate Guidelines Network, 2002). The 

cumulative evidence provided by this thesis suggests that the use of the 10 m ISWT 

should be more widely incorporated into practice guidelines as the best field exercise 

test in cardiac rehabilitation. Additionally, if the purpose of the test is to evaluate 

physical fitness and functional capacity, the 10 m ISWT can be confidently 

recommended in guidelines as a cost effective alternative to symptom-limited exercise 

testing for many patients referred to cardiac rehabilitation.   

8.4 Strength and Limitations 

A strength of this research is the rigour applied to the methods for the empirical 

studies and the systematic review. Both the empirical studies and the systematic 

review followed the framework recommended by COSMIN group (Mokkink et al., 

2010b, 2010c). The COSMIN recommendations are a result of a four-round Delphi 

study and provided an acceptable methodological framework for evaluating 

measurement properties. Rigour in the statistical methodology was applied, with 
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recommendations from the COSMIN group used, and where possible, the outcomes 

were investigated using alternative statistical methods to increase confidence in the 

findings.  

Additional methodological strategies were put in place to ensure adequate rigour of 

the procedures for testing. This included completion of every exercise test under 

standard conditions. Every test was conducted in temperature and humidity controlled 

environments, in quiet, flat, indoor walking tracks. The distance of the track was 

measured and checked prior to every test. Instructions and encouragement for the 

6MWT were read from a script using consistent and calm speech. For the 10 m ISWT, 

all instructions were played from a recording. The rest breaks before and after the 

tests were timed and the monitoring equipment was regularly checked by the hospital 

engineering and maintenance department. All participants were assessed on their 

usual medications and reassessed at the same time of day. 

The methodological design also considered the generalisability of the results. This is 

seen in the statistical analysis and the procedures of the empirical studies. Appropriate 

statistics such as the model of ICC were used to ensure generalisability of results 

beyond this thesis. All ambulant patients who were referred to cardiac rehabilitation 

were considered for inclusion in this study. This aimed to reflect the heterogeneity of 

the cardiac rehabilitation population and improve the generalisability of the results 

beyond specific conditions of patients with heart disease, taking a program 

perspective. Participants were recruited from both public and private cardiac 

rehabilitation programs, meaning that there was socioeconomic diversity between 

participants. It is possible to generalise the results across socioeconomic groups. The 

cardiac rehabilitation programs in Bendigo follow mainstream cardiac rehabilitation 
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programs that are typical in Australian cardiac rehabilitation programs and adhere to 

the practice guideline for cardiac rehabilitation and secondary prevention (Goble & 

Worcester, 1999). The results are likely to be generalised to the wider cardiac 

rehabilitation population in Australia and perhaps internationally. The fact that the 

findings of the systematic review (Chapter 7) reinforced the findings of the empirical 

studies (Chapters 2 to 6) provide further support for the generalisability of the 

findings. 

The main limitations of this thesis were the relatively small sample sizes in the 

empirical studies according to the COSMIN recommendations. In each chapter 

reporting the empirical studies, the sample size was justified according to the type of 

study (Howell, 2012; Walter et al., 1998). In Chapter 4, the sample size may have 

been inadequate for stable prediction equations and in Chapter 6, there were not 

enough participants who reported a deterioration in their global rating of change for 

physical fitness and functional capacity to measure with confidence the minimum 

important change for those patients who reported  deterioration.  

This thesis only investigated the measurement properties of the field exercise tests as 

a measure of physical fitness and functional capacity, using functional outcomes 

readily available in cardiac rehabilitation environments. No attempt was made to 

investigate the role of the field exercise tests as diagnostic or prognostic markers. 

However, the investigated measurement properties were consistent with the intended 

purpose of field exercise tests in practice.   

One underlying assumption in this thesis was that criterion tests have acceptable 

measurement properties. However, there is very limited research on the measurement 
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properties of symptom-limited exercise tests. For example, in as much as the 10 m 

ISWT was not able to predict accurately time in the criterion measure (Chapter 4), 

this could have been contributed to by error from the criterion measure as well as 

error from the 10 m ISWT, or a small sample size. 

Finally, one researcher completed all the 6MWTs and 10 m ISWTs carried out in this 

thesis. While the researcher was blind to the result of the symptom-limited exercise 

test, the researcher was not blind to the results of the cardiac rehabilitation assessment 

data in the other research projects (Chapter 2, 3, 5 and 6). All possible attempts were 

taken to maximise internal consistency of the test performance. The tests were set up 

in the same manner, at each site using the same corridor for testing, instructions and 

encouragement where provided was read from a script and reason for stopping the test 

was also consistent across the tests. The corridor length for the 6MWT was less than 

the new current recommendations of 30 m (Holland et al., 2014), while this is known 

to reduce the total distance walked in the test in respiratory patients, it is unknown if it 

affected the observed systematic error. 

8.5 Future Research 

This thesis has generated ideas for future research. The broad areas of future research 

that arise from this thesis are: (1) testing the clinical application of the 10 m ISWT in 

guiding prescription of an endurance walking program and to guide clinicians in 

implementing an appropriate level exercise program within cardiac rehabilitation; and 

(2) continued investigation on the understanding of the MIC for improvement and 

deterioration in cardiac rehabilitation to improve the interpretability of the test. 
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Further research is required to investigate the use of the 10 m ISWT outcomes in the 

implementation of individual exercise programs. Using the individual distance walked 

in the 10 m ISWT to guide exercise training would be helpful for the clinician. This 

practical application includes the use of the 10 m ISWT in setting a walking program 

dose during cardiac rehabilitation. This thesis has demonstrated patient variability in 

self-selection of walk speed. Selecting a percentage of the peak 10 m ISWT may be a 

way of overcoming this variability. The role of the 10 m ISWT in assisting 

prescription of a walking exercise program has been demonstrated in patients with 

chronic obstructive pulmonary disease as an intervention: the percentage of peak 

speed calculated from the 10 m ISWT has demonstrated appropriate physiological 

training responses (Zainuldin, Mackey, & Alison, 2012), and also as a field exercise 

test of endurance, called the endurance shuttle walk test (Holland et al., 2014; Revill, 

Morgan, Singh, Williams, & Hardman, 1999; Singh et al., 2014). Further exploring 

the practical application in cardiac rehabilitation as a means of standardising the 

exercise intensity and removing the effect of patient variability may improve patient 

outcomes. 

The use of the 10 m ISWT may also have a role of guiding the clinician in 

prescription of general exercise programs, apart from walking programs, in cardiac 

rehabilitation, but this has not been investigated. This thesis has demonstrated support 

for the discriminative function of the 10 m ISWT; specifically that it is able to rank 

patients in order of low physical fitness and functional capacity to high physical 

fitness and functional capacity. The hypothesis that the peak results of the 10 m ISWT 

can effectively guide the implementation of a general exercise program for cardiac 

rehabilitation has not been tested. It is not known if the individual score or cut-off 
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values can be used to guide the optimal level of exercise training in cardiac 

rehabilitation and if this would improve patient outcomes.  

The second main area of research that could be generated by this thesis concerns the 

continued investigation of the interpretability of the test over a cardiac rehabilitation 

program. The research in this thesis was the second to present information on the MIC 

of the 10 m ISWT over a cardiac rehabilitation, with similar results to a published 

study (Houchen-Wolloff et al., 2015). In this thesis, the MIC was calculated three 

ways; one method used predictive modelling, an innovative approach not previously 

applied in cardiac rehabilitation. The low numbers in the group of patients reporting a 

deterioration in both this thesis and the study by Houchen-Wolloff et al. (2015) has 

made it difficult to determine the MIC for deterioration. This thesis was the first to 

present results of predictive modelling in understanding the likelihood of important 

change over the duration of a cardiac rehabilitation program. However, it would be 

useful to use this model of calculating important change in a larger sample for those 

patients who report an improvement in physical fitness and for those who report a 

deterioration in physical fitness and functional capacity. The ability to evaluate 10 m 

ISWT test performance associated with deterioration would enable clinicians to 

identify at-risk patients attending cardiac rehabilitation, enabling appropriate referral 

and investigation. 

8.6 Conclusions 

The preferred field exercise test for measurement of physical fitness and functional 

capacity for patients with low-intermediate risk attending a low-moderate intensity 

exercise program is the 10 m ISWT. The results demonstrated support for the 
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measurement properties of the 10 m ISWT across a mixed cardiac rehabilitation 

population when a single test was performed. The discriminative and evaluative 

functions of the 10 m ISWT in cardiac rehabilitation were also supported. The 

clinician can use the test to provide information on the physical fitness and functional 

capacity of an individual or group at a single time, as a tool for ranking level of 

physical fitness and functional capacity of patients, as a goal-setting tool in treatment 

planning and as a responsive measure to monitor change over an eight-week cardiac 

rehabilitation program. The cumulative evidence suggests it is time to stop developing 

alternative field walk tests for cardiac rehabilitation. Future research should continue 

to focus on the development of the 10 m ISWT as a measure of physical fitness and 

functional capacity in cardiac rehabilitation, and how the test can be used in exercise 

prescription in cardiac rehabilitation. 
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Appendix 1: Publications  

Reprinted here with permission are the three publications that have arisen from 

research in this thesis.  

 

Hanson, L. C., McBurney, H., & Taylor, N. F. (2012). The retest reliability of the six 

minute walk test in patients referred to a cardiac rehabilitation programme. 

Physiotherapy Research International, 17, 55-61. doi:10.1002/pri.513 

 

Reprinted from Physiotherapy Research International, 17 , LC Hanson, H McBurney, 

NF Taylor, The retest reliability of the six minute walk test in patients referred to a 

cardiac rehabilitation programme, 55-61, Copright (2017), with permission from John 

Wiley and Sons.  

 

 

Hanson, L. C., Taylor, N. F., & McBurney, H. (2016). The 10 m incremental shuttle 

walk test is a highly reliable field exercise test for patients referred to cardiac 

rehabilitation: a retest reliability study. Physiotherapy, 102(3), 243-248. 

doi:10.1016/j.physio.2015.08.004 

 

Reprinted from Physiotherapy, 10(2), LC Hanson, NF Taylor, and H McBurney, The 

10 m incremental shuttle walk test is a highly reliable field exercise test for patients 

referred to cardiac rehabilitation: a retest reliability study, 243-248, Copyright (2017), 

with permission from Elsevier.  
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Hanson, L. C., McBurney, H. & Taylor, N. F. (2017). Is the 10 m incremental shuttle 

walk test a useful test of exercise capacity for patients referred to cardiac 

rehabilitation? European Journal of Cardiovascular Nursing, 1474515117721129.  

Reprinted from European Journal of Cardiovascular Nursing, Hanson, L. C., 

McBurney, H. & Taylor, N. F. (2017). Is the 10 m incremental shuttle walk test a 

useful test of exercise capacity for patients referred to cardiac rehabilitation? 

European Journal of Cardiovascular Nursing, DOI: 1474515117721129. Copyright 

© (2017). Reprinted by permission of SAGE Publications.  
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Abstract

Background and Purpose. The purpose of this paper was to determine if the Six‐minute Walk Test (6MWT) was a

reliable exercise test for patients referred to cardiac rehabilitation when up to three tests were performed and to

determine if test scores differed according to between‐test time interval. Methods. Thirty adults aged 63 ± 7.9 years

referred to cardiac rehabilitation participated in a repeated measures reliability trial. Participants completed three

6MWTs within a one‐week period. Participants were randomly allocated to one of three groups: on the first day,

Group A completed three walks, Group B completed two walks and Group C completed one walk. Relative

reliability was expressed in a ratio (ICC2,1), and absolute reliability was expressed in metres (95% confidence

intervals) for group and individuals. Results. The 6MWT demonstrated a high level of relative reliability (intraclass

correlation coefficients [ICC] = 0.94) across the three walks. There was no statistically significant difference

between the test scores of the three groups. However, there was an increase in distance walked from the first to the

second to the third 6MWT. Absolute reliability indicated that a change of at least 44m would be required to be

interpreted as true change in a group, and at least 95m to be interpreted as true change in an individual with 95%

confidence. Conclusion. Three 6MWTs completed in relatively short timeframes were not sufficient for reliable

results as there was an increase in the distance walked, and relatively large increases in distances would be required

to be interpreted as change. It did not make any difference whether the tests were all completed on one day or over

one week. This study highlighted problems that may arise when relying on reliability coefficients alone to interpret

reliability. These results suggest that the 6MWT may not have sufficient reliability to be a suitable test to evaluate

exercise tolerance in patients referred to cardiac rehabilitation. Copyright © 2011 John Wiley & Sons, Ltd.

Received 24 November 2010; Revised 9 March 2011; Accepted 23 March 2011

Keywords

exercise test; heart disease; reproducibility of results

*Correspondence

Lisa Hanson, Department of Allied Health, La Trobe Rural Health School, La Trobe University, PO Box 199, BENDIGO, Victoria, 3552, Australia.

Email: L.Hanson@latrobe.edu.au

Published online 13 July 2011 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/pri.513

Introduction

The Six‐minuteWalk Test (6MWT) is a field exercise test

that can be used both to assess the exercise tolerance of

individual patients who attend a cardiac rehabilitation

programme and as a group or programme outcome

measure. The test was originally described by Butland

et al. (1982) as an alternative measure of exercise
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tolerance to the 12‐minute walk test for people with

pulmonary disease. It has since been used in many

other clinical settings including cardiac rehabilitation

(Guyatt et al., 1985; Harada et al., 1999; Hamilton &

Haennel, 2000; Zugck et al., 2000). The main outcome of

the test is the distance walked over six minutes; an

improvement in the test score is measured by an

increase in the distance walked. When the test is

performed more than once, the best score is recorded.

It is widely accepted that in a pulmonary population, a

practice test is required for a reliable and best test score

(Troosters et al., 1999). However, research investi-

gating test–retest reliability of the 6MWT when used in

a general cardiac rehabilitation population remains

limited, and the results and recommendations vary.

A number of researchers who have assessed the test–

retest reliability of the 6MWT have reported increases

in the scores during repeated testing of patients with

cardiac diseases (Lipkin et al., 1986; Hamilton &

Haennel, 2000; Gayda et al., 2004; Kristjánsdóttir et al.,

2004; Patrick, 2005; Nogueira et al., 2006). The time

elapsed between testing ranged from same‐day testing

(Cahalin et al., 1996; Kervio et al., 2004; Kristjánsdóttir

et al., 2004; Patrick, 2005; Nogueira et al., 2006) to up to

eight weeks (O’Keefe et al., 1998; Patrick, 2005). Four

studies reported that when tests are repeated there are

significant increases in the distances walked between the

first and second walks (Hamilton & Haennel, 2000;

Gayda et al., 2004; Patrick, 2005; Nogueira et al., 2006).

Furthermore, Hamilton and Haennel (2000) reported

a significant increase in the distance between the

second and third tests. Patrick (2005), who studied a

population with chronic heart failure, and Nogueira

et al. (2006), who studied patients one week after

myocardial infarction, reported changes between the

first and second tests but no significant difference

between the distances walked in the second and third

tests. Kristjánsdóttir et al. (2004) and Lipkin et al. (1986)

also reported the final test score as the best but did not

provide between‐test comparisons. Wu et al. (2003)

attributed changes in test scores to a learning effect.

In contrast, three studies have reported it unnecessary

to repeat the 6MWT in specific cardiac populations

including chronic heart failure and advanced symp-

tomatic heart disease (Cahalin et al., 1996; O’Keefe et al.,

1998; Kervio et al., 2004). Kervio et al. (2004) reported

no significant difference in the mean distance walked in

two 6MWTs. Participants in this study completed an

additional practice 6MWT. Cahalin et al. (1996) and

O’Keefe et al. (1998) each reported that 6MWT scores

were reliable after one test. Cahalin et al. (1996), in

studying the reliability of the 6MWT in 20 participants

with advanced heart failure, had participants complete

two 6MWTs on the same day. O’Keefe et al. (1998), in

studying elderly patients with heart failure, reported that

24 patients experienced no change in cardiac status over

a period of three to eight weeks. They completed two

6MWTs, one at the start and one at the end of this

period. In both studies, reporting was limited to

measures of relative reliability, with Cahalin et al.

(1996) reporting an intraclass correlation coefficient

(ICC) of 0.96 and O’Keefe et al. (1998) an ICC of 0.91

Patrick (2005) discussed the time constraints of

repeated testing in a clinical setting. The 6MWT has

been shown to be well tolerated in a variety of cardiac

populations during repeated same‐day testing (Cahalin

et al., 1996; Kervio et al., 2004; Kristjánsdóttir et al.,

2004; Patrick, 2005; Nogueira et al., 2006), with the test

being safely completed three or four times in one day

(Kristjánsdóttir et al., 2004; Patrick, 2005; Nogueira

et al., 2006). Patrick (2005) suggested that the time

required to complete three or four tests may not be

practical in the clinical setting.

It remains unclear howmany 6MWTs are required to

yield the best test score and whether the between‐test

time affects the test score. A further unknown is whether

there are differences in test scores according to whether

test repetition occurs on the same day or over days

within a one‐week period. The aims of this research

were the following: first, to determine if the 6MWT is a

reliable field exercise test in the general cardiac

rehabilitation population when up to three tests are

performed and, second, to determine if the time

between testing affects test scores.

Methods

Participants

All adults with coronary artery disease referred to

cardiac rehabilitation irrespective of severity or dura-

tion of the condition were eligible to participate in this

study. Participants were excluded if they had any

condition where exercise would be contraindicated or

if they were unable to walk for any neurological or

musculoskeletal reason. In addition, participants were

excluded if limitations in English language production

or comprehension skills precluded them from under-

standing the consent form.

Reliability of the 6MWT in Cardiac Rehabilitation L. C. Hanson et al.
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Procedure

University and Hospital Human Ethics Committees

approved this study, and written informed consent was

obtained from each participant. Testing took place in

the Physiotherapy Department at the participating

hospital. Thirty participants were randomly allocated

by an independent staff member to one of three

groups, labelled Group A, Group B and Group C. All

participants completed three 6MWTs on admission to

a cardiac rehabilitation programme and prior to the

commencement of an exercise intervention. Group A

participants (n= 10) completed three 6MWTs on the

same day; Group B participants (n= 10) completed

two 6MWTs on the first assessment and a third test

within one week prior to commencement of cardiac

rehabilitation; Group C participants (n= 10) complet-

ed one 6MWT on the first assessment and a further

two tests within a one‐week period, prior to com-

mencement of cardiac rehabilitation. No change in

management or exercise intervention occurred be-

tween testing.

The 6MWT was completed in an indoor flat 20‐m

corridor. Cones were placed 0.5m in from both ends

of the 20‐m circuit to allow for a turning circle.

Instructions and encouragement for the tests were

standardized according to Guyatt et al. (1984).

Participants were allowed a 20‐min rest break prior

to commencing the first test of the session, and when

more than one 6MWT was completed on the same

day, participants were given a 20‐min rest break

between tests (Steele, 1996). The distances walked in

the three tests were recorded to the nearest metre.

For safety, heart rate and oxygen saturation were

monitored throughout the test, and blood pressure was

monitored before and after each test. Participants were

not able to commence the 6MWT if resting systolic

blood pressure was greater than or equal to 200mmHg

or resting diastolic blood pressure was greater than or

equal to 110mmHg (American College of Sports

Medicine, 2010). Criteria for early termination of the

test included patient distress, dizziness, angina or onset

of severe musculoskeletal pain (Cahalin et al., 1996).

Statistical methods

Participant characteristics were recorded (age, gender,

cardiac intervention and other relevant history) to

allow description of the study sample. Where relevant,

means were expressed followed by standard deviation.

Retest reliability was expressed in two ways: (a) as

relative reliability, as a ratio in the form of the

intraclass correlation (ICC2,1) (Shrout & Fleiss, 1979)

and (b) as absolute reliability, in metres, the unit of

measurement using 95% confidence intervals.

The ICC model (2,1) gives a relative index of the

variance between subjects to the variance between

subjects plus error variance, as well as accounting for

variance between test and retest scores. The ICC was

interpreted with the following guidelines: good reli-

ability was a score greater than 0.75, moderate reliability

between 0.50 and 0.75 and poor reliability less than

0.50 (Portney & Watkins, 1993).

Retest reliability was also calculated as absolute

reliability in terms of distance walked using 95%

confidence intervals for groups and individuals (Taylor

et al., 2004). Absolute reliability is a calculation of how

much a group or individual would need to change to

reflect true change over measurement error. Confi-

dence intervals for the group mean scores were

calculated using the following equation:

95%CI groupð Þ ¼ Mdiff þ−
t0:975 � SDdiff

ffiffiffiffi

N
p

where Mdiff is the mean difference of retest minus test

scores, SDdiff is the standard deviation of the difference

between retest and test scores, N is the number of

participants, and t0.975 is the critical value for t with a

two‐tailed test at that sample size. To determine if there

were changes between scores for first, second and third

walks, a repeated measures analysis of variance

(ANOVA) was performed. Post hoc comparisons (least

significant difference) were performed to test for

statistically significant differences between the walk

tests (i.e. Walk 1 andWalk 2,Walk 2 andWalk 3,Walk 1

and Walk 3).

To determine the degree of change required in an

individual, otherwise known as the limits of agreement

(Altman, 1999) or least significant difference (Tillotson

& Burton, 1991), the 95% confidence intervals were

recalculated substituting N= 1:

95%CI individualð Þ ¼ Mdiff þ− t0:975 � SDdiff

A one‐way ANOVA was applied to determine if

there were any statistically significant differences

between the 6MWT scores in Group A, Group B and

Group C. Further, a mixed‐plot two‐way ANOVA was

applied to determine if there were any interaction

L. C. Hanson et al. Reliability of the 6MWT in Cardiac Rehabilitation

57Physiother. Res. Int. 17 (2012) 55–61 © 2011 John Wiley & Sons, Ltd.



effects between the groups (independent measure) and

each walk (repeated measure).

Results

Thirty participants (24 men, 6 women) with an average

age of 63± 7.9 years were recruited for this study. The

average height of participants was 174± 7.0 cm, and the

average weight was 84± 12.5 kg. Of the participants, 11

(37%) were referred to cardiac rehabilitation following

a percutaneous intervention, 10 (33%) after coronary

artery bypass graft surgery, six (20%) following com-

mencement of medical management for ischaemic

heart disease, two (7%) following mitral valve replace-

ment and one (3%) following an aortic valve replace-

ment. The average time elapsed since an acute event was

27± 11 days. All participants were able to mobilise

independently without a gait aid. No participant had a

history of falls. All participants completed the three

6MWTs safely without complications, and no test was

prematurely ceased.

For the combined sample (n= 30), good relative

retest reliability was shown for the three walks with

the ICC (2,1) = 0.94 (see Table 1). For the individual

groups, ICC (2,1) ranged from 0.83 to 0.84 (see Table 1).

For absolute reliability, the 95% CI were calculated

for both the group and the individual (Table 2). For

group results, a change of at least 45m would be

required as an indication of real change, over and above

measurement error, in a cardiac rehabilitation group

between the second and third 6MWTs and 99m

between the first and third 6MWTwith 95% confidence.

Table 1. The mean distances walked during the tests

Walk 1 (m) Walk 2 (m) Walk 3 (m) ANOVA ICC (2,1)

Group A (n= 10) 437 ± 81 505 ± 71 528 ± 63 F(2,18) = 67.4 0.84

p< 0.001

Group B (n= 10) 440 ± 69 487 ± 61 532 ± 59 F(2,18)= 31.5 0.84

p< 0.001

Group C (n= 10) 455 ± 80 495 ± 78 526 ± 93 F(2,18) = 29.9 0.83

p< 0.001

Total (n= 30) 444 ± 75 496 ± 68 529 ± 71 F(2,58) = 109.5 0.94

p< 0.001

Between groups ANOVA F(1,9) = 0.154 F(1,9) = 0.160 F(1,9) = 0.021 F(4,54) = 1.67a

p= 0.86 p= 0.85 p= 0.98 p= 0.17

Group A completed three 6MWTs during the first session; Group B completed two 6MWTs during the first session; Group C completed one

6MWT during the first session.
aMixed‐plot two‐way ANOVA.

Table 2. Group and individual confidence intervals

Walk Mdiff (m) 95% CI (group) (m) 95% CI (individual) (m)

Group A (n= 10) 2 and 1 68.1 49.4–86.8 8.9–127.3

3 and 2 23.0 6.8–39.2 −28.3–74.3
3 and 1 91.1 70.9–111.3 27.1–155.1

Group B (n= 10) 2 and 1 47.7 28.8–66.6 −12.1–107.5
3 and 2 45.1 19.2–71.0 −36.9–127.1
3 and 1 92.8 60.1–125.5 −10.6–196.2

Group C (n= 10) 2 and 1 39.8 26.1–53.5 −3.4–83.0
3 and 2 31.4 10.5–52.3 −34.8–97.6
3 and 1 71.2 45.1–97.3 −11.5–153.9

Combined group (n= 30) 2 and 1 51.9 42.1–61.7 −1.8–105.6
3 and 2 33.2 21.9–44.5 −28.8–95.1
3 and 1 85.0 71.0–99.1 8.2–161.9

Mdiff = mean difference; CI = confidence intervals; Group A completed three 6MWTs during the first session; Group B completed two 6MWTs

during the first session; Group C completed one 6MWT during the first session.
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There was a statistically significant increase in the mean

distance walked over the three walks for the sample

(n= 30) and for each group (see Table 1). Post hoc

analysis showed that this difference was significant for

all walk test score comparisons.

If the 6MWT was used as an individual outcome

measure, a change in test score of at least 95m would

be required as an indication of real change, over and

above measurement error, in an individual attending

cardiac rehabilitation between the second and third

6MWTs and 162m between the first and third 6MWT

with 95% confidence.

There were no statistically significant differences in

the walk test scores between the three groups (Walk 1 F

(1,9) = 0.154, p= 0.86; Walk 2 F(1,9) = 0.160 p= 0.85;

Walk 3 F(1,9) = 0.021, p= 0.98) (see Table 1). There

were no differences between each walk for each group,

and there were no interaction effects (F(4,54) = 1.67,

p= 0.17).

Discussion

The purpose of this study was to assess the evidence for

retest reliability of the 6MWT as a measure of exercise

tolerance in a general cardiac rehabilitation population

when up to three tests were performed and to

determine if the time between tests affected test scores.

The results indicated that in this cardiac rehabilitation

population, three 6MWTs repeated in relatively short

time frames were insufficient to yield reliable scores.

Although results supported the relative reliability of the

6MWT in this population, they did not support the

absolute reliability of the 6MWT.

The high ICCs in this study indicated good relative

reliability with repeated testing. This finding is consistent

with earlier reports by Cahalin et al. (1996) and O’Keefe

et al. (1998). However, the use of reliability coefficients

alone can be misleading (Keating & Matyas, 1998;

Costa‐Santos et al., 2011). Although participants generally

kept their relative test score order to other participants

in the group, the group showed significant improve-

ments in the distance walked across the three walks, and

relatively large increases in distance would be required

to be interpreted as change with 95% confidence.

The performance of participants continued to

improve over the three tests, and these improvements

were significant. A potential learning effect (Wu et al.,

2003) provides one explanation for this improvement.

The results of this study are consistent with findings by

Gayda et al. (2004), who studied elderly patients with

cardiac disease, and Hamilton and Haennel (2000),

who studied cardiac rehabilitation patients with mild

disease. However, the results contrast with the findings

of Patrick (2005), who studied a chronic heart failure

population. It is possible that this specific population

responded differently from the general cardiac reha-

bilitation population and, hence, may not be directly

comparable. The 6MWT is a self‐paced test; the

participants in the current study were not limited by

symptoms, whereas it is possible that patients with

chronic heart failure experience symptoms such as

breathlessness that limit performance.

This study demonstrated considerable increases in

the 6MWT distances of participants referred to cardiac

rehabilitation. Absolute reliability expressed as confi-

dence intervals, even between the second and third

walks, were large. The results of this study demon-

strated that between the second and third 6MWTs, the

individual would need to increase the distance walked

by 95m to be confident of real change over and above

measurement error. In contrast, Patrick (2008) re-

ported that an individual with chronic heart failure

would need to improve by 64m to be confident of real

change. The improved score demonstrated by Patrick

(2008) suggests that this test may be appropriate in

people with chronic heart failure.

Some researchers have measured 6MWT results

before and after the intervention of cardiac rehabilita-

tion (Tallaj et al., 2001;Wright et al., 2001; Roberts et al.,

2006). The change in 6MWT scores ranged from

57 ± 73.0m in cardiac rehabilitation patients with left

ventricular ejection fraction of equal to or greater than

40% studied by Tallaj et al. (2001) to 85.7 ± 80.7m in

cardiac rehabilitation patients with left ventricular

ejection fraction of less than 40% in the same study.

Wright et al. (2001) and Roberts et al. (2006) reported

improvements of 62 ± 53m and 67m, respectively. The

results of the current study suggest that the 6MWT is

unlikely to have sufficient reliability to detect changes in

individuals who complete cardiac rehabilitation because

the distance they would need to increase over and above

measurement error exceeds the increase in distance

observed after cardiac rehabilitation programmes.

It is possible that adding further testing sessions, that

is having a fourth or even a fifth testing session, may

yield reliable results in terms of absolute reliability.

However, in a clinical setting it is unlikely that clinical

staff and patients would have the time to complete more

L. C. Hanson et al. Reliability of the 6MWT in Cardiac Rehabilitation
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than three tests without causing delays to care and delay

to the start of cardiac rehabilitation.

This study showed that the time between testing did

not affect outcome. No difference was found between

the group that completed three tests in one session, the

group that completed two tests in the first session and a

follow‐up test within one week and the group that

completed one test in the first session and two follow‐up

tests within one week. This finding suggests that,

provided the test was reliable, testing could be fitted in

with the schedule of the clinician and patient without

affecting test results as long as three tests are completed.

When used as a measure of exercise tolerance in the

general cardiac rehabilitation population, the 6MWT

was not reliable even after three tests. The relatively

high ICC demonstrated in our study is potentially

misleading, as it obscures the fact that absolute

reliability was not as good. The systematic measurement

error was large and would likely obscure any true

change in patients. These results suggest that the

6MWT is not a practical test to use in this population

because it is not practical for a clinician or patient to

complete more than three 6MWTs (Patrick, 2005). A

test that is not reliable cannot be valid (Streiner &

Norman, 1995). These results suggest that, in the

general cardiac population, if it is not feasible to

complete more than three tests, the 6MWT is not a

reliable test. Further research is necessary to investigate

other field exercise tests that are practical, reliable and

valid tests for patients receiving cardiac rehabilitation.

Implications

Despite a good relative retest reliability expressed by the

ICC, the large changes in distance over three tests and

relatively low levels of absolute reliability suggest that

the 6MWT is not a reliable test for the general cardiac

rehabilitation population. When used in this popula-

tion, three tests were not sufficient to produce a reliable

test without systematic change. This test requires time

and effort by the patient and the clinician and after three

tests still records large systematic variability in scores.

Although it did not make any difference whether the

three tests were completed on one day or over a week, it

may not be feasible for the cardiac rehabilitation patient

and the clinician to continue repeating the 6MWT.

Future research is needed to investigate other field

exercise tests that are reliable, valid and feasible in the

general cardiac rehabilitation population.
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Abstract

Objectives  To determine the retest reliability of the 10 m incremental shuttle walk test (ISWT) in a mixed cardiac rehabilitation population.
Design Participants completed two 10 m ISWTs in a single session in a repeated measures study. Ten participants completed a third 10 m
ISWT as part of a pilot study.
Setting  Hospital physiotherapy department.
Participants  62 adults aged a mean of 68 years (SD  10) referred to a cardiac rehabilitation program.
Main  outcome  measures  Retest reliability of the 10 m ISWT expressed as relative reliability and measurement error. Relative reliability
was expressed in a ratio in the form of an intraclass correlation coefficient (ICC) and measurement error in the form of the standard error of
measurement (SEM) and 95% confidence intervals for the group and individual.
Results There was a high level of relative reliability over the two walks with an ICC  of .99. The SEMagreement was 17 m, and a change of at
least 23 m for the group and 54 m for the individual would be required to be 95% confident of exceeding measurement error.
Conclusions  The 10 m ISWT demonstrated good retest reliability and is sufficiently reliable to be applied in practice in this population
without the use of a practice test.
© 2015 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.

Keywords: Heart disease; Exercise test; Reproducibility of results

Introduction

The 10 m ISWT is an externally paced and incremental
field exercise test that may provide clinicians with infor-
mation on an individual’s exercise capacity and limitations,
change over time, and individual or group response to an
intervention. The test was originally developed to assess the
functional capacity of patients with chronic airways obstruc-
tion [1] but has since been shown to be well tolerated in
cardiac populations [2].

∗ Correspondence: La Trobe Rural Health School, PO Box 199, Bendigo,
Victoria 3552, Australia. Tel.: +61 3 5448 9102; fax: +61 3 5448 9199.

E-mail address: L.Hanson@latrobe.edu.au (L.C. Hanson).

Previous research supports the relative reliability of the
10 m ISWT in the cardiac rehabilitation population, with reli-
ability coefficients between the first and second walk ranging
from 0.80 [3] to 0.94 [2,4] to 0.98 [5]. Relative reliability is
further improved when the test is repeated, with reliability
coefficients of .99 between the second and third walk [4,6].

Less information is known about the measurement error
of the 10 m ISWT in cardiac rehabilitation populations and
the number of tests required to achieve scores that minimise
measurement error. Measurement error can be estimated for
an individual score or around a change score for either a
group, such as a cardiac rehabilitation group or for an indi-
vidual within a program. Previous research has demonstrated
that for change scores within a group the minimum amount
of change required to be interpreted as real change over and

http://dx.doi.org/10.1016/j.physio.2015.08.004
0031-9406/© 2015 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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above measurement error after the completion of one 10 m
ISWT ranged from 36 m in a mixed cardiac rehabilitation
group in a single session [2], to 44 m in a group who were
attending a community based maintenance cardiac rehabili-
tation program and completed the testing over a minimum of
eight weeks [3] to 56 m for a group of patients following coro-
nary artery bypass surgery who completed the tests within one
week [4]. For an individual, after one test an improvement in
test score required to be interpreted as more than measure-
ment error ranged from 53 m in individuals with heart failure
in a single session [7] to 122 m [4] to 203 m [3]. Additionally,
Fowler et  al. [4] reported measurement error was minimised
if a practice walk was included. They demonstrated if a sec-
ond walk was completed within one week, an increase in walk
distance of more than 5 m for groups and 21 m for individ-
uals exceeded measurement error with 95% confidence, in
patients following coronary artery bypass graft surgery [4].

There remains uncertainty about whether there is sys-
tematic error when the 10 m ISWT is repeated in a cardiac
rehabilitation population. Three papers reported significant
improvement in test scores for the 10 m ISWT between the
first and second walk [2,4,8], whereas four papers reported
no significant change in test scores [5,7,9,10]. Two papers
reported using a practice walk but did not provide any further
information in their data analysis [5,6]. It is possible that a
practice walk may be required when using the 10 m ISWT in a
general outpatient cardiac rehabilitation population but little
information is available about the absolute reliability of the
test when assessed in a single session. The aim of the current
study was to determine the relative reliability and measure-
ment error of the 10 m ISWT in a mixed cardiac rehabilitation
population.

Method

Design

A repeated measures design was used in the physiotherapy
department at the two participating hospitals. All partici-
pants completed two 10 m ISWTs in a single session prior
to commencing a cardiac rehabilitation program. The first
10 participants participated in a pilot study and completed
a third 10 m ISWT in the same session. All walk tests were
completed under the same conditions and by the same asses-
sor.

Participants

Eligible participants were all adults with coronary artery
disease referred to cardiac rehabilitation irrespective of sever-
ity or duration of the condition. Exclusion criteria included
any medical condition where exercise would be contraindi-
cated; unable to walk for any neurological or musculoskeletal
reason; presentation to cardiac rehabilitation for risk fac-
tor reduction or with congenital heart disease; children or

pregnancy. Participants were excluded if they had previously
completed a 10 m ISWT or cardiac rehabilitation or if limita-
tions in English language production or comprehension skills
precluded them from understanding the consent form.

University and Hospital Human Ethics Committees
approved this research. All participants volunteered to partic-
ipant in the study and provided written informed consent. No
patient who met the inclusion criteria refused to participate
in the study.

A sample size calculation was completed according to
the method described by Walter et al. [11] and based on a
priori set levels of optimal and minimal acceptable limits of
reliability for clinical measurement. For two tests, a minimum
of 46 people would be needed if a minimum ICC  level of .8
(P0) was accepted and the hypothesis that findings from this
study would be consistent with the current literature at an
ICC of .9 (P1) [2,4,5], at a level of significance (α) of .05 and
power of .8 (β = 0.2).

The baseline descriptive characteristics of the participants
are summarised in Table 1. Of the 62 participants, 39 (63%)
were referred following a revascularisation procedure and
16 (26%) were referred following medical management for
coronary artery disease and seven (11%) following other car-
diac interventions. The mean age of participants was 68 years
(SD 10) years ranging from 46 to 91 years.

Procedure

The 10 m ISWT protocol was administered according to
the description of Singh et al. [1]. Participants walked along
an indoor flat 10 m course marked by two cones placed 0.5 m
in from each end of the course (Fig. 1). A shuttle referred to
one 10 m lap. Standardised prerecorded instructions for the
test were played from a digital recording immediately prior
to beginning the test. The test was externally paced, with

Table 1
Baseline demographic characteristics of the sample.

Main study (n = 62) Pilot study sample
(n = 10)

Age, years 68 (10)a 67 (10)a

Gender
Male:female, n 45:17 5:5

Intervention, n (%)
Revascularisation
procedure

39 (63) 8 (80)

Medical
management

16 (26) 2 (20)

Other 7 (11) 0
Days post most recent

cardiac event
29 (18) 28 (12)

Height, cm 170 (9)a 161 (11)a

Weight, kg 84 (15)a 83 (17)a

BMI, kg/m2 29 (5)a 32 (5)a

Use of a gait aid, n (%)
Single point stick 3 (5%) 2 (20%)

Note: BMI, body mass index.
a Mean (SD).
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Fig. 1. Schematic representation of the 10 m incremental shuttle walk test.

signal beeps at regular intervals to indicate when the partici-
pant should be turning around the cone to commence the next
shuttle. A triple beep signalled the next level and an increase
in walk speed [1]. Participants commenced the test at a walk-
ing speed of 0.5 m/seconds (level 1), allowing the participant
20 seconds to complete each of the three shuttles in level 1.
There was a speed increment of 0.17 m/seconds each minute
for a maximum of 12 minutes. There were 14 shuttles in level
12, requiring a walking speed of 2.37 m/seconds [1].

The test was stopped when the participant could no longer
maintain the required pace or was more than 0.5 m from the
cone before the signal beep after one opportunity to catch
up or if the test was completed. Additional criteria for early
termination of the test included patient distress, dizziness,
angina, or onset of severe musculoskeletal pain, failure of the
heart rate to increase with exercise, fall in oxygen saturation
below 90% [12] or attainment of 85% of the maximum heart
rate [1] using the heart rate reserve method. The number of
shuttles completed were recorded and at the completion of
each test converted to the distance walked.

Participants were allowed a 20 minute rest break prior to
commencing the first test and were given a 30 minute rest
break between subsequent tests. Prior to commencing the test,
with the participant in a seated position, baseline heart rate,
blood pressure, respiratory rate, oxygen saturation and rate of
perceived exertion using the rate of perceived exertion (RPE)
Borg 6-20 scale were recorded. Participants were not able to
commence the 10 m ISWT if resting systolic blood pressure
was greater than or equal to 200 mmHg or resting diastolic
blood pressure was greater than or equal to 110 mmHg [12].
Heart rate and oxygen saturation were monitored throughout
each test using a portable pulse oximeter without interruption
to the test. Monitoring of heart rate, blood pressure, oxygen
saturation, respiratory rate and RPE continued after comple-
tion of the test until all values were within 20% of the baseline
recordings.

Statistical methods

Where relevant, means were expressed followed by
standard deviation. In the case of missing values, data were
not imputed. Retest reliability was expressed in two ways:
first as relative reliability, and second as measurement error.
The relative reliability of the sample was interpreted using the
in intraclass correlation coefficient (ICCagreement) two-way
random effects model with 95% confidence intervals across
the two walks. The ICC  was interpreted with the following
guidelines: good reliability was a score greater than .75, mod-
erate reliability between .50 and .75 and poor reliability less
than .5 [13].

For the measurement error around an individual score
the SEMagreement was derived. The SEMagreement takes into
account the variability in repetition, and was derived using
the following equation [14]:

SEMagreement =
√

(σ2
observations +  σ2

residual)

where σ2
observations is the variance due to systematic difference

between the tests and σ2
residual is the variance due to the inter-

action between subjects and observations. The SEMagreement
as a percentage of the grand mean was also expressed. This
provided information on the relative size of the SEMagreement.

Group and individual 95% confidence intervals were used
to calculate the measurement error around the change scores
[15]. Confidence intervals for the group mean scores were
calculated using the following equation:

95% CI(group) =  Mdiff ± t0.975 × SDdiff√
n

where Mdiff is the mean difference of retest minus test scores,
SDdiff is the standard deviation of the difference between
retest and test scores, n is the number of participants, and
t0.975 is the critical value for t with a two-tailed test at that
sample size.

To determine the degree of change required in an indi-
vidual, otherwise known as the limits of agreement the 95%
confidence intervals were recalculated substituting n = 1 into
the previous equation [15].

Data for absolute agreement for the individual were pre-
sented graphically using the technique described by Bland
and Altman [16]. The individual mean test and retest scores
were plotted against the corresponding individual change
scores for all combinations of pairs of walk tests as well
as the 95% limits of agreement. Change scores outside the
95% limits of agreement were considered real change and
change scores that fall within the limits of agreement cannot
be distinguished from measurement error.

Pilot  study

For the 10 participants in the pilot study, the mean distance
for the first walk was 378 m (SD 224, range 30 to 740 m), for
the second walk was 393 m (SD  239, range 30 to 790 m) and
for the third walk was 398 m (SD 229, range 40 to 770 m).
Whilst there was a trend for an increase in the distance walked
from the first to the second to the third walk, this distance was
not significant (F(2,18) = 3.197, P  = .065). Good relative retest
reliability was obtained (see Table 2), with an ICCagreement
of .992 (95% CI: .976 to .998) over the three walks. The
SEMagreement and the percentage of the grand mean and group
and individual confidence intervals for the pilot study are
shown in Table 2. Based on the high level of retest reliability
demonstrated in the pilot study it was decided to proceed with
testing on two walks for the full sample.
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Table 2
Summary of the reliability from the pilot study (n = 10).

ISWT walk ICCagreement (95% CI) SEMagreement (m) Mdiff (SDdiff) (m) 95% CI (group) 95% CI (individual)

1 and 2 .990 (.961 to .998) 23 (6%) 15 (30) −6 to 36 m −53 to 83 m
1 and 3 .989 (.940 to .997) 24 (6%) 20 (29) −1 to 41 m −46 to 86 m
2 and 3 .997 (.990 to .999) 12 (3%) 5 (17) −7 to 17 m −33 to 43 m

Note: ISWT, 10 m ISWT; ICC, intraclass correlation; SEM, standard error of measurement; Mdiff, mean difference; SDdiff, standard deviation; CI, confidence
intervals.

Results

A consecutive series of 62 patients completed two 10 m
ISWTs in a single session. All participants completed
the 10 m ISWT without complications. The mean distance
walked improved by 17 m (SD  18) over the two walks. Par-
ticipants walked a mean distance of 378 m (SD 173, range
30 to 760 m) for ISWT Walk 1 and 395 m (SD 176, range 30
to 790 m) for ISWT Walk 2. This difference was statistically
significant (t(61) = 7.613, P = <.001).

Good relative retest reliability was shown between walk
1 and 2, the two-way mixed effects ICCagreement was .990
(95% CI: .928 to .997). The SEMagreement was 17 m or 4%
of the grand mean. For the group, a change of at least 23 m
would be required as an indication of real change, over and
above measurement error with 95% confidence, between the
first and second test. For the individual in this population, a
change of at least 54 m from the first to the second walk test
would be required as an indication of real change, over and
above measurement error with 95% confidence (Table 3).

A Bland Altman plot for the sample is presented in Fig. 2.
Fig. 2 shows one participant with a difference in distance
walked outside the upper limit of the limits of agreement. This
participant was a 62 year old woman who was 36 days post
coronary artery bypass graft surgery with a Walk 1 distance of
480 m and a Walk 2 distance of 560 m completed 20 minutes
later.

Discussion

This study investigated the relative reliability and the
measurement error of repeated 10 m ISWTs. The study
supports the reliability of the 10 m ISWT in cardiac reha-
bilitation population. The results provide evidence that the
addition of the second test may not be clinically relevant
and one test may be sufficient for adequate test retest reli-
ability in a cardiac rehabilitation population. The relative
reliability expressed as the ICCagreement was reported at
least .99 between the first and second walk in the main
study. The SEMagreement was 17 m or 4% of the grand mean

Fig. 2. Bland Altman plots of the mean distance walked in 10 m ISWT score
plotted against the difference in walk distance between the retest and test
score for walk 1 (ISWT 1) and walk 2 (ISWT 2). The x-axis is the mean score,
calculated by (ISWT 1 + ISWT 2)/2; and y-axis the absolute difference, cal-
culated by ISWT 2 − ISWT 1. Key: unbroken line = mean difference, broken
lines = limits of agreement calculated by mean difference ± 1.96 ×  SDdiff.

and the 95% confidence intervals suggest the group would
need to improve by 23 m and the individual by 54 m to
be confident of true change over and above measurement
error.

Despite the high levels of reliability observed, the results
indicated there was a statistically significant difference
between the distance walked between the first and the second
walk. The mean difference was 17 m. Although statistically
significant, the magnitude of the difference is unlikely to
be clinically significant. The improvement in walk distance
maybe attributed to test familiarisation or a learning effect
similar to that seen in the self-paced 6MWT [17,18]. It is
also possible that the small increase in distance walked was
a result of a tiring effect from completing two walk tests in a
single session. However, there is evidence that walk distance
is not affected by the time between tests ranging from a single
session to one week [17]. Therefore, while, in this study, a
patient in a cardiac rehabilitation program may be expected to

Table 3
Summary of measurement error for the change scores (n = 62).

ISWT walk Mdiff (SDdiff) (m) Group 95% CI (m) Individual 95% CI (m)

1 and 2 17 (18) 12 to 22 −19 to 53
Note: ISWT, 10 m ISWT; Mdiff, mean difference; SDdiff, standard deviation of the difference; CI, confidence intervals.
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walk a little further if tested on a second occasion, the increase
in distance is small relative to the total distance walked, and
small relative to what might be expected to occur after an
intervention.

Two studies have reported group improvements of more
than 58 m following a six week intervention [4,19]. Both stud-
ies reported at least one practice 10 m ISWT in the initial
baseline testing, but no practice test at follow-up, after the
intervention. The baseline scores reported in these studies,
ranging from 444 m (SD  135) [4] to 618 m (SD 165) [19]
were higher than the results of our study. This may have been
due to an improved baseline level of fitness, the younger
age or higher proportion of male participants in the previ-
ous two studies compared with our study. Our baseline walk
test distances are consistent with the results in a recent study
with a similar cohort in terms of age, body mass index and
proportion of male participants which reported a baseline dis-
tance of 360 m (SD  90) [20]. Our results suggest that a single
test of the 10 m ISWT is sufficiently reliable to detect this
amount of typical change observed after a short cardiac reha-
bilitation intervention, and for that change to be interpreted
as real change over and above measurement error both for
individuals and in the evaluation of group programs.

Our results suggest that the 10 m ISWT has a higher level
of retest reliability than another common field exercise test,
the 6MWT. Hanson et  al. [17] reported that after three tests
large changes were required to overcome measurement error
in both the group and individual with 95 per cent confi-
dence. Our pilot study showed that when a practice walk
was included, the group would need to improve by 18 m and
the individual by 44 m. If no practice walk was included,
the group would need to improve by 23 m and the individual
by 54 m. In comparison, the earlier study by Hanson et al.
[17] showed when the 6WMT was used in a mixed outpa-
tient cardiac rehabilitation population and a practice walk was
included an improvement of 45 m for the group and 96 m for
the individual was required to overcome measurement error.
The greater number of tests required for a reliable retest result
in the 6MWT make it less practical in a clinical setting.

Study  strengths  and  limitations

This study adheres to the recommendations for method-
ological quality proposed in the COSMIN checklist for
studies relating to the measurement properties relative reli-
ability and measurement error [21]. In their recommendations
on sample size, a good sample size was considered to lie
between 50 and 99 inclusive.

Participants in this study were from a mixed cardiac reha-
bilitation group, and all had stable and treated cardiac disease.
It is unlikely that these findings can be generalised beyond
this population, for example to include people with untreated
cardiac disease. Also, it could be considered a limitation that
the pilot study involving three walks was completed on a rel-
atively small sample. However, the positive results with two

walks confirm that a third walk adds little value in improving
reliability in the ISWT.

Conclusion

The 10 m ISWT is feasible when used as a field exercise
test in a mixed outpatient cardiac rehabilitation population.
Our results indicate good retest reliability of the 10 m ISWT
when one test is completed at baseline screening. Better reli-
ability can be obtained with a practice test but it may not be
necessary if the purpose of the test is to evaluate change after
completing a cardiac rehabilitation program. The choice of
completing one or two tests may be left to the clinician or
researcher to balance the reliability with the time taken to
complete a second test. The externally paced and incremen-
tal 10 m ISWT appears to have better retest reliability than
the self-paced 6MWT in this population.
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Introduction

The gold standard for measuring physical fitness and func-

tional capacity in patients with cardiac disease is the symp-

tom-limited exercise test with electrocardiogram (ECG) 

monitoring or the cardiopulmonary exercise test.1–5 

However, despite these recommendations, it is not always 

possible to complete a symptom-limited exercise test at 

entry and exit to a cardiac rehabilitation exercise pro-

gramme.6 Field exercise tests, including the six minute 

walk test (6MWT) and the 10 m incremental shuttle walk 

test (ISWT), may be a suitable alternative for entry assess-

ment into a low to moderate intensity exercise-based 

cardiac rehabilitation programme.7 These alternatives for 

exercise testing have been included in national guidelines 
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for cardiac rehabilitation programmes in Australia, New 

Zealand, throughout the UK and USA.8–11

Recent research suggests that the 6MWT may not have 

sufficient test–retest reliability when used in the entry 

assessment to cardiac rehabilitation.12 However, the ISWT 

demonstrates good test–retest reliability without the use of 

a practice walk.13 The ISWT is an externally paced, incre-

mental field exercise test. Test results provide objective 

measures used to make inferences about exercise capac-

ity.14,15 The test requires minimal equipment, can be safely 

completed in a clinical setting and does not need to be 

supervised by a medical doctor.16 A recent study showed 

no major adverse incidents over 1457 ISWTs undertaken 

in patients with heart disease.16 The investigation of crite-

rion validity, or the degree to which the outcome measures 

of the ISWT agree with the outcome measures of a gold 

standard17 in cardiac rehabilitation populations has been 

reported for patients with chronic heart failure,18–22 coro-

nary artery bypass surgery,23 and elderly stable coronary 

artery disease patients.24 All followed the protocol 

described by Singh et al.25 All compared the ISWT dis-

tance walked or number of shuttles or peak ISWT speed 

with the peak oxygen consumption during a symptom-

limited exercise test and reported moderate to high correla-

tions (0.72⩽ r ⩽0.84) and 52–71% of the variation in the 

criterion measure predicted from the 10 m ISWT distance 

or number of shuttles walked.19,20,22–24,26

There is limited published research comparing other 

functional outcome measures from a symptom-limited 

exercise test with the ISWT. Measuring oxygen consump-

tion is not always possible in clinical cardiology practices. 

The associated costs of staff, equipment outlay and equip-

ment maintenance are often prohibitive.27 Functional out-

comes of a symptom-limited exercise test include duration, 

maximal heart rate and blood pressure, oxygen saturation, 

symptoms and limiting factors and ECG changes. These 

functional measures are commonly reported in patient 

referrals to cardiac rehabilitation and where maximal exer-

tion was attained, these functional outcome measures have 

been considered as useful as oxygen consumption.28,29

The association between the ISWT and functional out-

come measures of a symptom-limited exercise test in patients 

with chronic heart failure has been reported to be moderate, 

between 29% and 46% of the variation in the maximum 

heart rate of the gold standard measure could be predicted 

from variation in peak heart rate in the ISWT.18,20–22,24 There 

is no information on the association, specifically the concur-

rent validity or the predictive validity, of the functional out-

comes of the ISWT in a cardiac rehabilitation population.

The aim of this research was to determine the concur-

rent and predictive criterion validity of the ISWT as an 

objective measure of exercise capacity in a cardiac reha-

bilitation population. We aimed to determine first, if those 

who achieve a high functional level on a symptom-limited 

exercise test also do well on the ISWT and if functional 

variables such as peak exercise heart rate measured during 

the symptom-limited exercise test were correlated with the 

ISWT, and second, if the ISWT distance could predict the 

symptom-limited exercise test duration.

Methods

Design

The research design involved a concurrent validation 

model. Both the predictor test (the ISWT) and the criterion 

test (symptom-limited exercise test) were administered to a 

sample of participants with coronary heart disease, with the 

order of tests randomly allocated. A consecutive series of 

patients referred to the cardiology clinic in a non-metropol-

itan regional city in Australia for a symptom-limited exer-

cise test between June 2014 and July 2014 who met the 

eligibility criteria of the study were invited to participate by 

the manager of the centre. The clinic serves an area of 

59,000 km2 with a population of 100,000. University and 

hospital human ethics committees approved this research. 

All participants volunteered to participate in the study and 

provided written informed consent. No patient who met the 

inclusion criteria refused to participate in the study.

Participants

The clinic nurse identified the patients eligible for partici-

pation and provided a basic overview of the study and ini-

tial consent to be contacted by the researcher (LCH). A 

detailed description of the project and informed consent 

was obtained by the researcher.

All adults (>18 years) with stable and treated coronary 

heart disease, irrespective of severity or duration of the 

condition, who were referred to complete a treadmill 

symptom-limited exercise test in the cardiology clinic, 

were eligible to participate in this study. Participants were 

excluded if they had any condition for which exercise 

would be contraindicated, if they were unable to walk for 

any neurological or musculoskeletal reason, or were 

required to complete a bicycle or another alternative symp-

tom-limited exercise test. Participants were also excluded 

if they had previously completed an ISWT, were diag-

nosed with cardiovascular risk factors in the absence of 

diagnosed cardiovascular disease, with congenital heart 

disease or were children or were pregnant, or were required 

to cease their usual cardiac medications for the symptom-

limited exercise test.

Sample size estimates were completed according to the 

formula for correlation described by Howell.30 The follow-

ing formula was used:

n =
⎛

⎝
⎜

⎞

⎠
⎟

δ
ρ1

2

where n is the sample size; δ is a constant and for a power 

of 0.80 equals 2.8; and ρ1 is an estimate of the correlation  
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in the population, and was based on the minimum cor-

relation of 0.75 which was defined as the lower limit of 

a strong correlation31 and greater than a suggested mini-

mal acceptable correlation of 0.70.32 A sample of n=15 

would be required for a power of 0.80 and a minimum 

correlation of 0.75. Recommendations for the sample 

size for prediction equations vary from five to 10 cases 

per independent variable35 to 50 cases per independent 

variable.34 Based on this, the sample size estimate of 15 

was used to explore the evidence for the concurrent and 

predictive criterion validity of the ISWT in patients with 

cardiac disease.

Outcome measures

To account for any series effects participants were ran-

domly allocated to complete either the symptom-limited 

exercise test or ISWT first. Each participant completed 

both the symptom-limited exercise test and ISWT within 

one week, with a minimum elapsed time of one day.

Criterion measure: symptom-limited exercise test. Partici-

pants completed their symptom-limited exercise test under 

the supervision of a medical doctor at the cardiology clinic 

and followed the usual practice guidelines for the clinic. 

Each participant rested for a minimum of 30 minutes prior 

to commencing the test. Standardised instructions were 

given to the patient and prior to commencing the test, and 

then a resting ECG and non-invasive blood pressure were 

recorded. The symptom-limited test was administered 

according to the Bruce protocol.35 The Bruce protocol has 

relative reliability of 0.78 in patients with known coronary 

artery disease.36 The test terminated if the patient achieved 

maximal exertion or breached any of the following criteria 

including significant ECG changes: a reduction in blood 

pressure with increasing workload; unreasonable hyper-

tension; onset of angina or increasing angina; patient 

reporting symptoms of distress or dizziness; excessive 

shortness of breath or claudication; or changes in general 

appearance. The primary outcome measure was the dura-

tion of the test. Secondary outcome measures were peak 

exercise heart rate and oxygen saturation measured by 

pulse oximetry.

Predictor test: ISWT. The ISWT protocol was administered 

according to the description of Singh et al.25 Participants 

walked along an indoor flat 10 m course. The test was 

externally paced, with signal beeps at regular intervals to 

indicate when the participant should turn around the cone 

to commence the next shuttle. The test commenced with a 

walking speed of 0.5 m/second, with speed increments of 

0.17 m/second each minute for a maximum of 12 minutes. 

The ISWT has relative reliability of 0.99 in a cardiac reha-

bilitation population.13 The primary outcome measures 

were distance walked, calculated from the number of com-

pleted shuttles and test duration. The secondary outcome 

measures were peak heart rate and oxygen saturation at 

test completion.

Participants were allowed a 20-minute rest prior to 

commencing the first ISWT and were given a 30-minute 

rest before starting the second ISWT.37 Prior to com-

mencing the test, baseline heart rate, blood pressure, res-

piratory rate, oxygen saturation and rate of perceived 

exertion (RPE) using the RPE Borg 6–20 scale were 

recorded. Participants were not able to commence the 

ISWT if resting systolic blood pressure was greater than 

or equal to 200 mmHg or resting diastolic blood pressure 

was greater than or equal to 110 mmHg.1,38 Heart rate 

and oxygen saturation were monitored throughout each 

test, using a portable pulse oximeter, without interrup-

tion to the test. Monitoring of heart rate, blood pressure, 

oxygen saturation, respiratory rate and RPE continued 

after completion of the test until all values returned to 

within 20% of baseline.

Statistical methods

Data were analysed using the statistical package for the 

social sciences (IBM SPSS Statistics for Windows, version 

22.0; IBM Corp., Armonk, NY, USA). Where relevant, 

means were expressed followed by standard deviation. In 

the case of missing values, data were not imputed. After 

checking for any series effects due to the order of testing 

using a mixed plot two-way analysis of variance, the 

groups were combined for testing of criterion validity.

Criterion validity of the ISWT. The strength of the relation-

ship between the symptom-limited exercise test and two 

trials of the ISWT for all primary and secondary outcome 

measures was assessed with Pearson’s product–moment 

correlation coefficient (r) with 95% confidence intervals 

(CIs). The correlation coefficient was interpreted as strong, 

a correlation greater than 0.75, moderate between 0.50 and 

0.75 and weak less than 0.5.31 The index of reliability, in 

other words the estimated maximum correlation based on 

error in the two tests was 0.88. Bland Altman plots were 

used to display graphically the concurrent criterion-related 

validity of the ISWT. The variation in the symptom-lim-

ited exercise test explained by the ISWT was summarised 

by the coefficient of determination (r2).39

The predictive validity of the ISWT was examined 

using the standard error of estimate and linear regression 

with 95% CIs for the slope (b) for the ISWT distance and 

the symptom-limited exercise test duration. CIs were 

calculated around the regression equation, and for the 

group and individual. The 95% confidence limits for the 

symptom-limited exercise test duration for the group and 

individual at specific ISWT scores (X) were calculated.30,40 

Individual confidence limits are also known as the  

prediction interval.30 The specific ISWT distances were 

the distance walked at the completion of each level of  

the ISWT.
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Results

Twelve men and three women participated in this study, 

with a mean age of 65 years (SD 8) (Table 1). All patients 

had diagnosed and treated coronary heart disease. Thirteen 

were referred following a revascularisation procedure for 

atherosclerosis and included 12 following a percutaneous 

intervention and one following coronary artery bypass sur-

gery. Two participants with coronary heart disease did not 

require a revascularisation intervention and were managed 

medically, one of whom had mild left ventricular dysfunc-

tion. There were no statistically significant differences 

between group A and group B in terms of age, height, 

weight, body mass index, and waist or hip circumference.

All participants completed a symptom-limited exer-

cise test and two ISWTs on their usual medications within 

one week, with the elapsed time ranging from one to six 

days. The results of the exercise tests are shown in Table 

2. There were no interaction effects between the exercise 

test results and the order of the tests (F(2,26)=1.283; 

P=0.294). As there were no significant between-group 

differences or interaction effects between the groups 

(group A and group B) only data for the combined sample 

(n=15) will be presented.

All correlations between the ISWT and the symptom-

limited exercise test ranged from moderate to strong, with 

the correlation for the primary outcome measures ranging 

from 0.85 to 0.87 between the ISWT distance and the 

Table 1. Participant characteristics.

Characteristics Group A (n=7) Group B (n=8) Total (n=15)

Age 63 (7) 67 (8) 65(8)
Gender, n male:female 5:2 7:1 12:3
Intervention, n (%)  
Revascularisation procedures 6 (86) 7 (88) 13 (87)
Medical management 1 (14) 1 (13) 2 (13)
Height, cm 174 (12) 174 (11) 174 (11)
Weight, kg 92 (24) 89 (16) 91 (19)
BMI, kg/m2 30 (6) 30 (5) 30 (5)
BMI category, n (%)  
 Underweight 0 0 0
Healthy 1 (14) 2 (25) 3 (20)
 Overweight 2 (29) 1 (13) 3 (20)
 Obese 3 (43) 5 (63) 8 (53)
 Morbidly obese 1 (14) 0 1 (7)
Waist, cm 103 (16) 104 (12) 103 (10)
Hip, cm 106 (10) 103 (12) 104 (10)
Medications, n (%)  
 Nitrates 0 (0) 1 (13) 1 (7)
 -blockers 5 (71) 5 (63) 10 (67)
 ACE inhibitor 2 (29)( 1 (13) 3 (20)
 Calcium antagonist 4 (57) 1 (13) 5 (33)
 Angiotension II receptor blocker 4 (57) 2 (25) 6 (40)
 Lipid-lowering statin 7 (100) 6 (75) 13 (87)
 Antiplatelet 7 (100) 8 (100) 15 (100)
 Diuretic 0 (0) 1 (13) 1 (7)
Smoking status, n (%)  
 Never 3 (43) 6 (75) 9 (60)
 Ex-smoker 4 (57) 2 (25) 6 (40)
 Current smoking 0 (0) 0 (0) 0 (0)
Medical comorbidities, n (%)  
 Diabetes mellitus (type 2) 1 (14) 3 (38) 4 (27)
 Respiratory 1 (14) 1 (13) 2 (13)
 Hypertension 2 (29) 5 (63) 7 (47)
 Depression/anxiety 1 (14) 0 (0) 1 (7)
 Lower limb musculoskeletal 4 (57) 5 (63) 9 (60)
 Upper limb musculoskeletal 3 (43) 3 (38) 6 (40)
 Other musculoskeletal 3 (43) 1 (13) 4 (27)
 Other 4 (57) 7 (88) 11 (73)

BMI: body mass index.
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symptom-limited exercise test duration (Table 3). The cor-

relation values were similar for both the first and second 

ISWT. The coefficient of variation (r2) for all outcome 

measures showed at least 72% of the variation in the symp-

tom-limited exercise test duration could be explained by 

the ISWT distance.

For both the first and second ISWT agreement was 

satisfactory, with all scores falling within the limits of 

agreement (Figure 1). The relationship between the 

symptom-limited exercise test duration and the ISWT 

distance walked is shown in Figure 2.

The predicted symptom-limited exercise test duration 

with group and individual confidence limits were calcu-

lated for the distance walked in the first and second ISWT 

and are shown in Table 4. For example, an individual who 

completed all 12 levels of the first ISWT could be pre-

dicted, with 95% confidence, to complete between 9.2 and 

16.0 minutes of the symptom-limited exercise test when a 

Bruce protocol is followed. The predicted symptom-lim-

ited exercise test duration was similar whether one and two 

walk tests were completed.

Discussion

The results support the concurrent criterion validity of the 

ISWT in a cardiac rehabilitation population. This study 

provided evidence of a strong correlation between the 

duration of the symptom-limited exercise test and the dis-

tance walked in the ISWT. The Bland Altman plots, show-

ing agreement between the duration of the symptom-limited 

Table 2. Symptom-limited exercise test and 10 m ISWT results for the sample and group A (symptom-limited exercise test 
completed first) and group B (ISWT completed first).

Total (n=15) Symptom-limited 
exercise test 
completed first (n=7)

ISWT completed 
first (n=8)

Mdiff (SDdiff) 95% CI

ISWT 1  
 Distance (m) 522 (216) 566 (229) 484 (211) 82 (312) −164, 328
 Duration (min) 7.8 (2.0) 8.3 (2.0) 7.4 (2.0) 0.9 (2.8) −1.4, 3.1
 Peak HR (bpm) 111 (11) 115 (10) 108 (12) 7 (15) −4.9, 19.2
 SpO2 97 (1) 97 (1) 97 (1) −0.1 (1.7) −1.5, 1.3
ISWT 2  
 Distance (m) 535 (219) 577 (229) 499 (219) 78 (317) −172, 328
 Duration (min) 8.0 (1.9) 8.4 (2.0) 7.6 (1.9) 0.7 (2.8) −1.4, 3.0
 Peak HR (bpm) 114 (10) 117 (10) 112 (10) 5 (14) −6.0, 15.7
 SpO2 97 (1) 97 (1) 98 (1) −0.4 (1.3) −1.4, 0.7
Symptom-limited 
exercise test

 

 Duration (mins) 7.6 (2.5) 8.4 (2.9) 6.9 (1.9) 1.5 (3.5) −1.2, 4.2
 Peak HR (bpm) 135 (10) 135 (10) 136 (10) −0.2 (14) −11.3, 10.9
 SpO2 95 (2) 95 (1) 95 (2) 0.4 (2.7) −1.7, 1.6

ISWT 1: first 10 m incremental shuttle walk test; ISWT 2: second 10 m incremental shuttle walk test; Mdiff: mean difference, SDdiff: standard deviation 
of the difference, CI: confidence interval, HR: heart rate, SpO2: oxygen saturation measured by pulse oximetry.

Table 3. Coefficient of variation for primary and secondary outcome measures for the 10 m ISWT and the symptom-limited 
exercise test.

Relation between outcome measures r (95% CI) r2 Mdiff (SDdiff) syx Intercept (a) Slope (b) (95% CI)

Primary outcome measures  
 SLET duration and ISWT 1 distance 0.87 (0.63, 0.95) 0.75 − 1.3 2.4 0.01 (0.007, 0.01)
 SLET test duration and ISWT 1 duration 0.89 (0.62, 0.95) 0.74 0.24 (1.3) 1.3 −0.8 1.1 (0.70, 1.5)
 SLET duration and ISWT 2 distance 0.85 (0.59, 0.95) 0.72 − 1.4 2.5 0.01 (0.006, 0.01)
 SLET duration and ISWT 2 duration 0.84 (0.57, 0.94) 0.70 0.39 (1.4) 1.5 −0.9 1.1 (0.6, 1.5)
Secondary outcome measures  
 SLET HR and ISWT 1 HR 0.70 (0.29, 0.89) 0.49 −24 (8) 7.1 68.0 0.6 (0.2, 1.0)
 SLET HR and ISWT 2 HR 0.79 (0.47, 0.93) 0.63 −21 (6) 6.0 46.3 0.8 (0.4, 1.1)
 SLET SpO2 and ISWT 1 SpO2 0.82 (0.52, 0.94) 0.67 2 (1) 1.1 −30.7 1.3 (0.7, 1.8)
 SLET SpO2 and ISWT 2 SpO2 0.68 (0.26, 0.89) 0.47 2 (1) 1.4 −42.2 1.4 (0.5, 2.3)

r: Pearson’s product-moment correlation coefficient; CI: confidence interval; r2: coefficient of determination; Mdiff: mean difference; SDdiff: standard 
deviation of the difference; Syx: standard estimate of error; SLET: symptom-limited exercise test; ISWT 1: first 10 m incremental shuttle walk test; 
ISWT 2: second 10 m incremental shuttle walk test; HR: heart rate; SpO2: oxygen saturation measured by pulse oximetry.
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Figure 1. Bland Altman plots of the duration of the 10 m ISWT and the duration of the symptom-limited exercise test.  (a) The 
first 10 m incremental shuttle walk test. (b) The second 10 m incremental shuttle walk test.
Unbroken line: mean difference; broken lines: limits of agreement calculated by 1.96×SDdiff; SLET: symptom-limited exercise test; ISWT 1: first 10 m 
incremental shuttle walk test; ISWT 2: second 10 m incremental shuttle walk test.
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Figure 2. Linear relationship between 10 m ISWT distance walked and the symptom-limited exercise test duration is plotted with 
individual 95% confidence limits. (a) The linear relationship between the first ISWT and the symptom-limited exercise test was 
r2=0.75, the linear equation to predict the duration of the symptom-limited exercise test was:
Symptom – limited exercise test duration (mins) = 2.43 + (0.01 × ISWT1 distance (m)) with r=0.87, 95% CI [0.63, 0.95], standard 
estimate of error of 1.3. (b) The linear relationship between the second ISWT and the symptom-limited exercise test was r2=0.72, 
the linear equation to predict the duration of the symptom-limited exercise test was:
Symptom – limited exercise test duration (mins) = 2.48 + (0.01 × ISWT2 distance (m)), r=0.85, 95% CI [0.59, 0.95], standard 
estimate of error of 1.4.
ISWT 1: first 10 m incremental shuttle walk test; ISWT 2: second 10 m incremental shuttle walk test.
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exercise test and the duration of the ISWT, supported these 

results. The results supported the concurrent criterion 

validity of the ISWT, and demonstrated that the two exer-

cise tests showed consistency in ranking patients accord-

ing to physical fitness and functional capacity. The results 

did not improve when a second ISWT was performed, fur-

ther supporting previous research that a single ISWT may 

be sufficient in this population.13

The correlations reported in the current study for patients 

with coronary heart disease were stronger than previously 

published correlations between symptom-limited exercise 

test duration and ISWT distance that ranged from 0.54 to 

0.68 in patients with chronic heart failure.18,20,22 In addition, 

the current study reported strong correlations ranging from 

0.69 to 0.79 for peak heart rate achieved in the symptom-

limited exercise test and ISWT, compared with earlier 

reports of moderate correlations.18,20,21 The current study 

used the Bruce protocol for the symptom-limited exercise 

test, whereas the three earlier studies used alternative pro-

tocols. Differences in the patient population may also 

account for differences. Participants in the current study 

were any ambulant patient with treated and stable coronary 

heart disease. The earlier studies used more homogenous 

groups of patients with chronic heart failure. It is possible 

that patients with chronic heart failure respond differently 

to the demands of an incremental exercise test compared 

with patients from a cardiac rehabilitation group. In the 

current study, the ISWT mean distance walked was greater 

than previously reported studies,18,20 and may reflect the 

stage of recovery.

The results do not support the predictive criterion 

validity of the ISWT in a cardiac rehabilitation group 

when functional outcome measures such as distance 

walked and duration of the symptom-limited exercise test 

are used. This is the first study to present information on 

the accuracy of the predictive criterion validity of the 

ISWT. While a linear regression equation was presented, 

the 95% CIs around the slope (b) were wide and made the 

equation difficult to interpret. In addition, the clinically 

relevant 95% confidence limits for individuals, or the pre-

diction interval, remained wide, making it difficult in an 

individual to predict with accuracy the duration of the 

Table 4. Prediction of symptom-limited exercise test duration from ISWT distance with 95% CIs for the group and individual.

ISWT 1 distance (m) Predicted duration symptom-limited exercise test (minutes)

Estimated duration Group 95% CI Individual 95% CIa

0 2.4 0.5, 4.3 0, 5.8
30 2.7 0.9, 4.5 0, 6
70 3.1 1.4, 4.8 0, 6.4
120 3.6 2.0, 5.2 0.4, 6.8
180 4.2 2.8, 5.6 1.1, 7.3
250 4.9 3.7, 6.1 1.9, 7.9
330 5.7 4.7, 6.7 2.7, 8.7
420 6.6 5.8, 7.4 3.7, 9.5
520 7.6 6.9, 8.3 4.7, 10.5
630 8.7 7.9, 9.5 5.8, 11.6
750 9.9 8.9, 11.0 6.9, 12.9
880 11.2 9.8, 12.6 8.1, 14.3
1020 12.6 10.7, 14.5 9.2, 16.0
ISWT 2 distance (m)  
0 2.5 0.4, 4.6 0, 6.2
30 2.8 0.8, 4.8 0, 6.4
70 3.2 1.3, 5.1 0, 6.7
120 3.7 2.0, 5.4 0.2, 7.2
180 4.3 2.8, 5.9 0.9, 7.7
250 5.0 3.7, 6.3 1.7, 8.3
330 5.8 4.7, 6.9 2.6, 9.0
420 6.7 5.8, 7.6 3.6, 9.8
520 7.7 6.9, 8.5 4.6, 10.8
630 8.8 8.0, 9.6 5.7, 11.9
750 10.0 8.9, 11.1 6.8, 13.2
880 11.3 9.8, 12.8 8.0, 14.6
1020 12.7 10.8, 14.6 9.1, 16.3

aIf the lower band confidence limit was calculated as less than 0 it was denoted as 0.
ISWT 1: first 10 m incremental shuttle walk test; ISWT 2: second 10 m incremental shuttle walk test; CI: confidence interval.
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Bruce protocol from the distance walked in the ISWT. 

The relatively wide individual confidence limits may 

have been a result of the error contribution from both 

exercise tests. However, repeating the ISWT did not 

reduce the CIs, and the effect of repeating the symptom-

limited exercise test is unknown. Despite justification of 

the sample size, it was small compared with the recom-

mendations included in the COSMIN checklist41 and 

future research could use the model presented in this 

paper with an increased in the number of participants. An 

increase in the number of participants should provide a 

more stable regression equation and may reduce the 95% 

CIs and prediction limits.34 Clinically, the ability to pre-

dict the symptom-limited exercise test duration based on 

the ISWT, or in reverse, to predict the ISWT distance 

based on the symptom-limited exercise test duration is 

worth exploring as it provides an important means of 

translating meaning between the laboratory and clinical 

environment.

While we used a symptom-limited exercise test pro-

tocol considered a gold standard in exercise testing,42 

this study relied on functional outcome measures such 

as distance ambulated and duration of test, and not  

the measurement of maximum oxygen consumption. 

Cardiopulmonary exercise testing, with specific meas-

urement of maximum oxygen consumption and other 

aerobic measures, is not a practical and available option 

for many patients with cardiac disease who live outside 

of metropolitan regions in Australia and other coun-

tries.43,44 In the city where this research was conducted 

the measurement of oxygen consumption during exer-

cise testing for cardiac patients was not available, and 

patients would need to travel at least 150 km to access 

these medical tests. Future research could include moni-

toring of maximum oxygen consumption using a porta-

ble oxygen analyser.

There were no adverse responses in testing in this sam-

ple and we were not able to determine cut-offs or thresh-

olds in performance in the ISWT for people with cardiac 

disease. A larger sample size may be able to identify cut-

offs or thresholds in performance in the ISWT for people 

with cardiac disease. It would be clinically useful for a cli-

nician to have available cut-off points, for example, to 

identify when a patient needs a review by his or her 

cardiologist.

Implications

The ISWT when compared with a symptom-limited exer-

cise test is easy to implement, requires fewer resources, 

does not require expensive equipment, and when used as 

an estimate for physical fitness and functional capacity 

does not need a medical doctor to supervise and can be 

conducted within cardiac rehabilitation without the need 

for referral. Our results demonstrate that the functional 

results of the ISWT measure a similar construct as the 

symptom-limited exercise test, and the two tests show 

consistency in ranking of participants in terms of physical 

fitness and functional capacity. However, in absolute 

terms, there is emerging evidence to suggest that the 

ISWT cannot replace the symptom-limited exercise test. 

In particular, using the regression equation generated 

from this small sample, the distance walked in the ISWT 

cannot be used to predict accurately individual functional 

performance on the symptom-limited exercise test. While 

the ISWT test should not be aimed at replacing the symp-

tom-limited exercise test, it may provide a suitable, cost 

and time effective clinical alternative of testing physical 

fitness and functional capacity for patients attending car-

diac rehabilitation.

Implications for practice

The 10 m incremental shuttle walk test is a prac-

tical and feasible field exercise test for use in 

cardiac rehabilitation when a single test is 

performed.

The functional results of the 10 m incremental 

shuttle walk test measure a similar construct as 

the functional results of a symptom-limited exer-

cise test.

The 10 m incremental shuttle walk test cannot be 

used as a surrogate to predict individual symp-

tom-limited exercise test results with accuracy.
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The project has been assessed as complying with the National Statement on Ethical Conduct in 
Human Research.  I am pleased to advise that your project has been granted ethics approval and 
you may commence the study.   

The project has been approved from the date of this letter until 30 September 2011. 

Please note that your application has been reviewed by a sub-committee of the University Human 
Ethics Committee (UHEC) to facilitate a decision about the study before the next Committee 
meeting. This decision will require ratification by the full UHEC at its next meeting and the UHEC 
reserves the right to alter conditions of approval or withdraw approval.  You will be notified if the 
approval status of your project changes. 

The following standard conditions apply to your project: 

Limit of Approval.  Approval is limited strictly to the research proposal as submitted in 
your application while taking into account any additional conditions advised by the UHEC. 

Variation to Project.  Any subsequent variations or modifications you wish to make to 
your project must be formally notified to the UHEC for approval in advance of these 
modifications being introduced into the project.  This can be done using the appropriate 
form: Ethics - Application for Modification to Project which is available on the Research 
Services website at http://www.latrobe.edu.au/research-services/ethics/human.htm.  If the 
UHEC considers that the proposed changes are significant, you may be required to 
submit a new application form for approval of the revised project. 

Adverse Events.  If any unforeseen or adverse events occur, including adverse effects 
on participants, during the course of the project which may affect the ethical acceptability 
of the project, the Chief Investigator must immediately notify the UHEC Secretary on 
telephone (03) 9479 1443.  Any complaints about the project received by the researchers 
must also be referred immediately to the UHEC Secretary.    

Withdrawal of Project.  If you decide to discontinue your research before its planned 
completion, you must advise the UHEC and clarify the circumstances. 



If you have any queries on the information above or require further clarification please contact me through 
Research Services on telephone (03) 9479-3589, or e-mail at: humanethics@latrobe.edu.au.

Ms. Lynda Boldt

Administrative Officer – Research
Acting Secretariat – University Human Ethics Committee
Research Compliance Unit
Research Services | La Trobe University | Bundoora 3086
T: 03 9479 3589 | F: 03 9479 1464 | E: l.boldt@latrobe.edu.au | http://latrobe.edu.au/research-services/



        RESEARCH SERVICES 
MEMORANDUM

To:  Professor Nicholas Taylor, School of Physiotherapy, Faculty of Health Sciences 
  Ms Lisa Hanson, School of Physiotherapy, Faculty of Health Sciences 

From:  Secretary, La Trobe University Human Ethics Committee 

Subject: Review of Human Ethics Committee Application No. 10-082 

Title: The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test when used 
in Cardiac Rehabilitation 

Date: 25 August 2011 

Thank you for submitting your modification request for ethics approval to the La Trobe University Human Ethics 
Committee (UHEC) for the project referred to above.  The UHEC Chair has reviewed and approved the following 
modification:

Extension of ethics approval granted until 31 December 2012.

Please note that your application has been reviewed by a sub-committee of the UHEC in the interest of facilitating a decision on
your application before the next committee meeting.  The decision to approve your project will need to be ratified by the full 
UHEC and consequently approval for your project may be withdrawn or conditions of approval altered.  However, your project 
may commence prior to ratification of the approval decision.  You will be notified if the approval status of your project is altered. 

The following standard conditions apply to your project: 

Limit of Approval.  Approval is limited strictly to the research proposal as submitted in your application 
while taking into account any additional conditions advised by the UHEC. 

Variation to Project.  Any subsequent variations or modifications you wish to make to your project must 
be formally notified to the UHEC for approval in advance of these modifications being introduced into the 
project.  This can be done using the appropriate form: Ethics - Application for Modification to Project which 
is available on the Research Services website at http://www.latrobe.edu.au/research-
services/ethics/HEC_human.htm.  If the UHEC considers that the proposed changes are significant, you 
may be required to submit a new application form for approval of the revised project. 

Annual Progress Reports.  If your project continues for more than 12 months, you are required to submit 
an Ethics - Progress/Final Report Form annually, on or just prior to 12 February.  The form is available on 
the Research Services website (see above address).  Failure to submit a Progress Report will mean 
approval for this project will lapse.  An audit may be conducted by the UHEC at any time. 

Adverse Events.  If any unforeseen or adverse events occur, including adverse effects on participants, 
during the course of the project which may affect the ethical acceptability of the project, the Chief 
Investigator must immediately notify the UHEC Secretary on telephone (03) 9479 1443.  Any complaints 
about the project received by the researchers must also be referred immediately to the UHEC Secretary.    

Withdrawal of Project.  If you decide to discontinue your research before its planned completion, you 
must advise the UHEC and clarify the circumstances. 

Final Report. A Final Report (see above address) is required within six months of the completion of the project 
or by 30 June 2013.



Annual Progress Reports.  If your project continues for more than 12 months, you are 
required to submit an Ethics - Progress/Final Report Form annually, on or just prior to 
12 February.  The form is available on the Research Services website (see above 
address).  Failure to submit a Progress Report will mean approval for this project will 
lapse.  An audit may be conducted by the UHEC at any time. 

Final Report. A Final Report (see above address) is required within six months of the 
completion of the project or by 31 March 2012.

If you have any queries on the information above or require further clarification please contact me 
through Research Services on telephone (03) 9479-1443, or e-mail at:  

humanethics@latrobe.edu.au.

On behalf of the University Human Ethics Committee, best wishes with your research! 

Ms Barbara Doherty
Administrative Officer (Research Ethics)
University Human Ethics Committee 
Research Compliance Unit / Research Services
La Trobe University Bundoora, Victoria   3086
P: (03) 9479 – 1443 / F: (03) 9479 - 1464
http://www.latrobe.edu.au/research-services/ethics/



RESEARCH SERVICES
MEMORANDUM

To: Professor Nicholas Taylor, School of Physiotherapy, Faculty of Health Sciences
Ms Lisa Hanson, School of Physiotherapy, Faculty of Health Sciences

From: Acting Secretary, La Trobe University Human Ethics Committee

Subject: Review of Human Ethics Committee Application No. 10-082

Title: The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test
when used in Cardiac Rehabilitation

Date: 21 December 2012

Thank you for submitting your modification request for ethics approval to the La Trobe University Human Ethics 
Committee (UHEC) for the project referred to above. The UHEC Chair has reviewed and approved the following 
modifications:

Extension of ethics approval granted until 31 December 2013.

Please note that your application has been reviewed by a sub-committee of the UHEC in the interest of facilitating a decision on 
your application before the next committee meeting. The decision to approve your project will need to be ratified by the full 
UHEC and consequently approval for your project may be withdrawn or conditions of approval altered.  However, your project 
may commence prior to ratification of the approval decision. You will be notified if the approval status of your project is altered.

The following standard conditions apply to your project:

Limit of Approval. Approval is limited strictly to the research proposal as submitted in your application 
while taking into account any additional conditions advised by the UHEC.

Variation to Project. Any subsequent variations or modifications you wish to make to your project must be 
formally notified to the UHEC for approval in advance of these modifications being introduced into the 
project.  This can be done using the appropriate form: Ethics - Application for Modification to Project which 
is available on the Research Services website at http://www.latrobe.edu.au/research-
services/ethics/HEC_human.htm.  If the UHEC considers that the proposed changes are significant, you 
may be required to submit a new application form for approval of the revised project.

Annual Progress Reports. If your project continues for more than 12 months, you are required to submit 
an Ethics - Progress/Final Report Form annually, on or just prior to 12 February. The form is available on 
the Research Services website (see above address). Failure to submit a Progress Report will mean 
approval for this project will lapse.  An audit may be conducted by the UHEC at any time.

Adverse Events. If any unforeseen or adverse events occur, including adverse effects on participants, 
during the course of the project which may affect the ethical acceptability of the project, the Chief 
Investigator must immediately notify the UHEC Secretary on telephone (03) 9479 1443. Any complaints 
about the project received by the researchers must also be referred immediately to the UHEC Secretary.   

Withdrawal of Project. If you decide to discontinue your research before its planned completion, you must 
advise the UHEC and clarify the circumstances.

Final Report. A Final Report (see above address) is required within six months of the completion of the 
project or by 30 June 2014.



If you have any queries on the information above or require further clarification please contact me through 
Research Services on telephone (03) 9479-1443, or e-mail at: humanethics@latrobe.edu.au. 

Ms Barbara Doherty
Administrative Officer (Research Ethics)
University Human Ethics Committee 

Research Services   La Trobe University Bundoora, Victoria   3086 
P: (03) 9479 – 1443 F: (03) 9479 - 1464
http://www.latrobe.edu.au/research-services/ethics/
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Appendix 3: Participant Information and Consent Forms 

Each participant received a participant information and consent form specific to the 

enrolled study.  

Chapters in this thesis that required a participant information and consent form: 

Chapter 2, Chapter 3, Chapter 4, Chapter 5 and 6.  
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Participant Information and Consent Form 

Date: 1st October 2006  
Site: Cardiac Rehabilitation; Physiotherapy Department, The Bendigo Hospital 

Full Project Title: The Reproducibility of the Six Minute Walk Test in Patients 
Referred to Cardiac Rehabilitation. 

 

Principal Researcher: Lisa Hanson (Senior Physiotherapist, PhD Student) 

Principal Researcher: Dr Helen McBurney (Associate Professor, Supervisor) 

Associate Researcher: Deborah Ludeman (Cardiac Rehabilitation Co-ordinator) 

 
This Participant Information and Consent Form is 7 pages long. Please make sure 
you have all the pages.  

1. Your Consent 
You are invited to take part in this research project.  

This Participant Information contains detailed information about the research 
project. Its purpose is to explain to you as openly and clearly as possible all the 
procedures involved in this project before you decide whether or not to take part 
in it.  

Please read this Participant Information carefully. Feel free to ask questions 
about any information in the document.  You may also wish to discuss the 
project with a relative or friend or your local health worker. Feel free to do this. 

Once you understand what the project is about and if you agree to take part in 
it, you will be asked to sign the Consent Form. By signing the Consent Form, you 
indicate that you understand the information and that you give your consent to 
participate in the research project. 

You will be given a copy of the Participant Information and Consent Form to keep 
as a record. 

2. Purpose and Background 
The purpose of this project is to investigate the number of six minute walk tests 
that need to be performed to provide consistent results.  The project will also 
investigate any changes when the six minute walk test is repeated over minutes, 
days, one week, or many weeks.   

A total of 30 people will participate in this project. 

Previous research has shown that the distance walked improves with the number 
of tests performed.  It is not known how many walk tests patients with cardiac 
disease need to complete in order to get consistent results.  It is also not known 
how time can affect the consistency of the results.   
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You are invited to participate in this research project because you have been 
referred to cardiac rehabilitation, and as part of your physiotherapy assessment 
you would be completing an exercise test.    

The results of this research may be used to help researcher Lisa to obtain a 
degree. 

3. Procedures 
Participation in this project will involve completing three six minute walk tests 
during your initial assessment.  The walk test involves walking up and down a 20 
meter corridor for six minutes.   

In this project there will be three groups of participants.   

 The first group will complete three six minute walk tests during one 
afternoon.  A 20 minute rest break will occur between each test.   

 The second group will complete six minute walk tests over two 
assessments, generally one or two days apart.  The second assessment 
will coincide with the day that you return to begin cardiac rehabilitation.  

 The third group will complete six minute walk tests over two assessment, 
one week apart.  This will coincide with the day that you return for cardiac 
rehabilitation.   

It is estimated that your initial physiotherapy assessment will take 15 to 30 
minutes longer than the usual assessment.  People who are not participating in 
the research would normally perform two walk tests. 

Upon completion of the cardiac rehabilitation program we will complete a 
discharge assessment.  During this assessment, the usual two six minute walk 
tests will be completed.   

4. Possible Benefits 
The exercise test is used to guide the exercise program we develop for you when 
you start the program.  The walk test also provides us with important 
information to develop a home walking program. The more accurate the results 
of the walk test, the more appropriate the exercise program will be for you.   

We cannot guarantee or promise that you will receive any benefits from this 
project. 

5. Possible Risks 
The test may provoke symptoms such as shortness of breath or tiredness in the 
legs.  The test is self-paced, you are able to vary your pace, and you are able to 
sit down at any stage.  You may find that you feel puffed while you are walking, 
this will generally settle within two to five minutes after completing the test.  If 
this is your first attempt at exercise, you may find that your muscles will be sore 
from walking.   

As the test is self-paced, and you may stop to rest at any time, the risk of a 
serious side effect such as angina is minimal.  In the event of a side effect all the 
usual safety procedures will be followed.  
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If you find the test distressing in any way, you may suspend or end your 
participation in the project.   

There may be additional unforeseen or unknown risks. 

6. Alternatives to Participation 
You are not under any obligation to participate. If you chose not to participate 
you will still receive the usual physiotherapy assessment, which includes an 
exercise test.  You will receive the same care within the program.  If you do not 
participate, the results of your exercise test will not be used for the research.   

7. Privacy, Confidentiality and Disclosure of Information 
Any information obtained in connection with this project and that can identify 
you will remain confidential.  Any information that can identify you will be stored 
in your file within Bendigo Health.  It will only be disclosed with your permission, 
except as required by law.  

If you give us your permission by signing the Consent Form, we plan to 
photocopy this research sheet, remove any identifying features such as your 
name and address and use the information for further analysis.  Information that 
will be retained includes: age, gender, cardiac diagnosis and intervention, any 
relevant medical history, and medications, and any walking problems.  These 
results along with the results of your walk test will be entered into a statistics 
computer program and further analysed.   

This de-identified information will be stored in a locked filing cabinet in the 
offices of La Trobe University Physiotherapy School Bendigo, specifically E5 room 
505.  Only myself and Dr Helen McBurney will have access to this information.  
The de-identified data will be archived in locked compactus in HS31.05 on 
Bundoora Campus of LaTrobe.  The information will be kept for seven years, and 
then shredded.  

In any publication, information will be provided in such a way that you cannot be 
identified.  Only group data will be reported, no individuals will be able to be 
identified.   

8. New Information Arising During the Project 
During the research project, new information about the risks and benefits of the 
project may become known to the researchers. If this occurs, you will be told 
about this new information. This new information may mean that you can no 
longer participate in this research. If this occurs, the person supervising the 
research will stop your participation. In all cases, you will be offered all available 
care to suit your needs and medical condition. 

9. Results of Project 
At completion of the exercise test your individual results will be explained to you 
as per our usual practice.  A summary of the final group results will be available 
at the completion of the project.  If you wish to receive this information, please 
indicate on the consent form.   
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10. Further Information or Any Problems 
If you require further information or if you have any problems concerning this 
project (for example, any side effects), you can contact Lisa Hanson, Dr Helen 
McBurney, or Ms Deborah Ludeman.  The researchers responsible for this project 
are 

Lisa Hanson       Phone (03) 5454 8783  Mobile 0438862423 

Dr Helen McBurney      Phone (03) 5454 7021 

Deborah Ludeman      Phone (03) 5454 8783  

11. Other Issues 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about your rights as a research participant, then you 
may contact either: 

Name: Angela Crombie  

Position: Secretary, Human Research Ethics Committee, Bendigo Health 

Telephone: (03) 5454 6407 

Or 

Name: Barbara Doherty 

Position: Secretary, Faculty of Human Ethics Committee, Faculty of Health 
Sciences 

Telephone: (03) 9479 1794 

 

You will need to report the name of one of the researchers given in section 10 
above. 

12. Participation is Voluntary 
Participation in any research project is voluntary. If you do not wish to take part 
you are not obliged to. If you decide to take part and later change your mind, 
you are free to withdraw from the project at any stage.  

Your decision whether to take part or not to take part, or to take part and then 
withdraw, will not affect your routine treatment, your relationship with those 
treating you or your relationship with Bendigo Health. 

Before you make your decision, a member of the research team will be available 
to answer any questions you have about the research project. You can ask for 
any information you want.  Sign the Consent Form only after you have had a 
chance to ask your questions and have received satisfactory answers. 

If you decide to withdraw from this project, please notify a member of the 
research team before you withdraw. This notice will allow that person or the 
research supervisor to inform you if there are any health risks or special 
requirements linked to withdrawing. 
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13. Ethical Guidelines 
This project will be carried out according to the National Statement on Ethical 
Conduct in Research Involving Humans (June 1999) produced by the National 
Health and Medical Research Council of Australia. This statement has been 
developed to protect the interests of people who agree to participate in human 
research studies. 

The ethical aspects of this research project have been approved by the Human 
Research Ethics Committee of Bendigo Health and LaTrobe University, Faculty of 
Health Science.  

14. Reimbursement for your costs 
You will not be paid for your participation in this project.  
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Consent Form 

Version: 1 Date: 1st October 2006  
Site: Cardiac Rehabilitation; Physiotherapy Department, The Bendigo Hospital 

Full Project Title: The Reproducibility of the Six Minute Walk Test in Patients 
Referred to Cardiac Rehabilitation. 

 
 
I have read, or have had read to me, and I understand the Participant 
Information version 1 dated 1st October 2006. 

I freely agree to participate in this project according to the conditions in the 
Participant Information.  

I will be given a copy of the Participant Information and Consent Form to keep  

The researcher has agreed not to reveal my identity and personal details if 
information about this project is published or presented in any public form.   

 

Participant’s Name (printed) …………………………………………………… 

Signature        Date 

 

Name of Witness to Participant’s Signature (printed) ………………………………… 

Signature        Date 

 

Declaration by researcher*: I have given a verbal explanation of the research 
project, its procedures and risks and I believe that the participant has 
understood that explanation. 

Researcher’s Name (printed) …………………………………………………… 

Signature        Date 

* A senior member of the research team must provide the explanation and 
provision of information concerning the research project.  

 

     I wish to receive a summary of the final results of this project.  I understand 
that the researchers will mail the results to me, and will access my Bendigo 
Health Medical Record for my postal address.   

Signature        Date 

 
Note: All parties signing the Consent Form must date their own signature. 
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Revocation of Consent Form 

Version: 1 Date: 1st October 2006  
Site: Cardiac Rehabilitation; Physiotherapy Department, The Bendigo Hospital 

Full Project Title: The Reproducibility of the Six Minute Walk Test in Patients 
Referred to Cardiac Rehabilitation. 

 

 

I hereby wish to WITHDRAW my consent to participate in the research proposal 
described above and understand that such withdrawal WILL NOT jeopardise any 
treatment or my relationship with Bendigo Health. 

 
 
 
Participant’s Name (printed) ……………………………………………………. 
 
 
Signature       Date 
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Participant Information and Consent Form 

Date: 8th March 2007 
Site: Cardiac Rehabilitation; Physiotherapy Department, The Bendigo Hospital 

Full Project Title: A Comparison of the Incremental Shuttle Walk Test and the 
Six Minute Walk Test in Patients Referred to Cardiac Rehabilitation  

Principal Researcher: Lisa Hanson (Senior Physiotherapist, PhD Student) 

Principal Researcher: Dr Helen McBurney (Associate Professor, Supervisor) 

Principal Researcher: Dr Nicholas Taylor (Professor, Supervisor) 

Associate Researcher: Deborah Ludeman (Cardiac Rehabilitation Co-ordinator) 

 
This Participant Information and Consent Form is 7 pages long. Please make sure 
you have all the pages.  

1. Your Consent 
You are invited to take part in this research project.  

This Participant Information contains detailed information about the research 
project. Its purpose is to explain to you as openly and clearly as possible all the 
procedures involved in this project before you decide whether or not to take part 
in it.  

Please read this Participant Information carefully. Feel free to ask questions 
about any information in the document.  You may also wish to discuss the 
project with a relative or friend or your local health worker. Feel free to do this. 

Once you understand what the project is about and if you agree to take part in 
it, you will be asked to sign the Consent Form. By signing the Consent Form, you 
indicate that you understand the information and that you give your consent to 
participate in the research project. 

You will be given a copy of the Participant Information and Consent Form to keep 
as a record. 

2. Purpose and Background 
The purpose of this project is to investigate the number of incremental shuttle 
walk tests (ISWT) that are needed to be performed to provide the best test 
result, and later to compare the ISWT with the six minute walk test (6MWT).   

A total of 30 people will participate in this project. 

It is not known how many ISWTs need to completed by patients with cardiac 
disease in order to get a best test result.  Two previous research papers have 
reported the benefit of a practice test, however, one paper showed consistent 
results without a practice test.  It is also not known if the ISWT provides patients 
with cardiac disease with a higher level of function with the opportunity to 
demonstrate a better performance in the ISWT than the 6MWT.   
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You are invited to participate in this research project because you have been 
referred to cardiac rehabilitation, and as part of your physiotherapy assessment 
you would be completing an exercise test.    

This project is a part of PhD research by Lisa, and the results may be used to 
help Lisa to obtain a PhD degree. 

3. Procedures 
Participation in this project will involve completion of walk tests during your 
initial assessment.  In this project there will be two groups of participants. 

 The first group will complete three ISWTs during one afternoon.  A 20 
minute rest break will occur between each test.  This involves more tests 
than the usual care (i.e., three tests instead of two).  This walk test 
involves walking up and down a 20 metre corridor for a maximum of 12 
minutes.  Walking speed is set by a pre-recorded CD.  Upon discharge 
from the program an addition two ISWTs will be completed.  This is 
consistent with usual care.   

 The second group will complete two different walk tests.  Participants in 
this group will complete both the ISWT and the 6MWT during the initial 
physiotherapy assessment.  A 20 minute rest break will occur between 
each test.  The ISWT involves walking up and down a 20 metre corridor for 
a maximum of 12 minutes.  Walking speed is set by a pre-recorded CD.  
The 6MWT involves walking up and down a 20 metre corridor for six 
minutes, with the aim to cover as much ground in that time.   

It is estimated that your initial physiotherapy assessment will take 15 to 45 
minutes longer than usual.   

4. Possible Benefits 
The exercise test is used to guide the exercise program we develop for you when 
you start the program.  The walk test also provides us with important 
information to develop a home walking program. The more accurate the results 
of the walk test, the more appropriate the exercise program will be for you.   

We cannot guarantee or promise that you will receive any benefits from this 
project. 

5. Possible Risks 
The test may provoke symptoms such as shortness of breath or tiredness in the 
legs.  You may find that you feel puffed while you are walking, this will generally 
settle within two to five minutes after completing the test.  If this is your first 
attempt at exercise, you may find that your muscles will be sore from walking. 
As the tests are self limiting, you are able to stop at any stage.  

In the event of a side effect all the usual safety procedures will be followed.  

If you find the test distressing in any way, you may suspend or end your 
participation in the project.   
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6. Alternatives to Participation 
You are not under any obligation to participate. If you chose not to participate 
you will still receive the usual physiotherapy assessment, which includes an 
exercise test.  You will receive the same care within the program.  If you do not 
participate, the results of your exercise test will not be used for the research.   

7. Privacy, Confidentiality and Disclosure of Information 
 

Any information obtained in connection with this project and that can identify 
you will remain confidential.  Any information that can identify you will be stored 
in your file within Bendigo Health.  It will only be disclosed with your permission, 
except as required by law.  

If you give us your permission by signing the Consent Form, we plan to 
photocopy this research sheet, remove any identifying features such as your 
name and address and use the information for further analysis.  Information that 
will be retained includes: age, gender, cardiac diagnosis and intervention, any 
relevant medical history, and medications, and any walking problems.  These 
results along with the results of your walk test will be entered into a statistics 
computer program and further analysed.   

This de-identified information will be stored in a locked filing cabinet in the 
offices of La Trobe University Physiotherapy School Bendigo, specifically E5 room 
505.  Only myself and Dr Helen McBurney will have access to this information.  
The de-identified data will be archived and shredded after 7 years.  In any 
publication, information will be provided in such a way that you cannot be 
identified.  Only group data will be reported, no individuals will be able to be 
identified.   

8. New Information Arising During the Project 
During the research project, new information about the risks and benefits of the 
project may become known to the researchers. If this occurs, you will be told 
about this new information. This new information may mean that you can no 
longer participate in this research. If this occurs, the person supervising the 
research will stop your participation. In all cases, you will be offered all available 
care to suit your needs and medical condition. 

9. Results of Project 
At completion of the exercise test your individual results will be explained to you 
as per our usual practice.  A summary of the final group results will be available 
at the completion of the project.  If you wish to receive this information, please 
indicate on the consent form.   
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10. Further Information or Any Problems 
If you require further information or if you have any problems concerning this 
project, you can contact Lisa Hanson, Dr Helen McBurney, or Ms Deborah 
Ludeman.  The researchers responsible for this project are 

Lisa Hanson   Phone (03) 5454 8783   

Dr Helen McBurney  Phone (03) 5454 7021 Please note that Dr Helen McBurney 
is a Doctor of Philosophy, not a Medical Doctor. 

Dr Nicholas Taylor   Phone (03) 9479 5860 Please not that Dr Nicholas Taylor is a 
Doctor of Philosophy, not a Medical Doctor.   

Deborah Ludeman  Phone (03) 5454 8783  

If you develop any medical problems outside of the assessment, you should 
attend your GP or emergency department.  If you develop chest pain, please 
follow your usual chest pain management strategy, and call an ambulance if 
required.    

11. Other Issues 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about your rights as a research participant, then you 
may contact either: 

Name: Angela Crombie  

Position: Secretary, Human Research Ethics Committee, Bendigo Health 

Telephone: (03) 5454 6407 

Or 

Name: Barbara Doherty 

Position: Secretary, Faculty Human Ethics Committee, Faculty of Health 
Sciences, La Trobe University 

Telephone: (03) 9479 1794 E-mail: B.Doherty@latrobe.edu.au 

You will need to report the name of one of the researchers given in section 10 
above. 

12. Participation is Voluntary 
Participation in any research project is voluntary. If you do not wish to take part 
you are not obliged to. If you decide to take part and later change your mind, 
you are free to withdraw from the project at any stage.  

Your decision whether to take part or not to take part, or to take part and then 
withdraw, will not affect your routine treatment, your relationship with those 
treating you or your relationship with Bendigo Health. 

Before you make your decision, a member of the research team will be available 
to answer any questions you have about the research project. You can ask for 
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any information you want.  Sign the Consent Form only after you have had a 
chance to ask your questions and have received satisfactory answers. 

If you decide to withdraw from this project, please notify a member of the 
research team before you withdraw. This notice will allow that person or the 
research supervisor to inform you if there are any health risks or special 
requirements linked to withdrawing. 

13. Ethical Guidelines 
This project will be carried out according to the National Statement on Ethical 
Conduct in Research Involving Humans (June 1999) produced by the National 
Health and Medical Research Council of Australia. This statement has been 
developed to protect the interests of people who agree to participate in human 
research studies. 

The ethical aspects of this research project have been approved by the Human 
Research Ethics Committee of Bendigo Health and LaTrobe University, Faculty of 
Health Science..   

14. Reimbursement for your costs 
You will not be paid for your participation in this project.  
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Consent Form 

Version: 1 Date: 8th March 2007  
Site: Cardiac Rehabilitation; Physiotherapy Department, The Bendigo Hospital 

Full Project Title: A Comparison of the Incremental Shuttle Walk Test and the 
Six Minute Walk Test in Patients Referred to Cardiac Rehabilitation. 

 
 
I have read, or have had read to me, and I understand the Participant 
Information version 1 dated 1st October 2006. 

I freely agree to participate in this project according to the conditions in the 
Participant Information.  

I will be given a copy of the Participant Information and Consent Form to keep  

The researcher has agreed not to reveal my identity and personal details if 
information about this project is published or presented in any public form.   

 

Participant’s Name (printed) …………………………………………………… 

Signature        Date 

 

Name of Witness to Participant’s Signature (printed) ………………………………… 

Signature        Date 

 

Declaration by researcher*: I have given a verbal explanation of the research 
project, its procedures and risks and I believe that the participant has 
understood that explanation. 

Researcher’s Name (printed) …………………………………………………… 

Signature        Date 

* A senior member of the research team must provide the explanation and 
provision of information concerning the research project.  

 

     I wish to receive a summary of the final results of this project.  I understand 
that the researchers will mail the results to me, and will access my Bendigo 
Health Medical Record for my postal address.   

Signature        Date 

 
Note: All parties signing the Consent Form must date their own signature. 
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Revocation of Consent Form 

Version: 1 Date: 8th March 2007 
Site: Cardiac Rehabilitation; Physiotherapy Department, The Bendigo Hospital 

Full Project Title: A Comparison of the Incremental Shuttle Walk Test and the 
Six Minute Walk Test in Patients Referred to Cardiac Rehabilitation. 

 

 

I hereby wish to WITHDRAW my consent to participate in the research proposal 
described above and understand that such withdrawal WILL NOT jeopardise any 
treatment or my relationship with Bendigo Health. 

 
 
 
Participant’s Name (printed) ……………………………………………………. 
 
 
Signature       Date 
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Participant Information and Consent Form 

Date: June 28, 2010 
Site: Cardiac Rehabilitation; Physiotherapy Department, St John of God Healthcare, Bendigo 

Full Project Title: The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test 

when Used in Cardiac Rehabilitation. Part A.  

 

Principal Researcher: Lisa Hanson (Senior Clinician, PhD Student) 

Principal Researcher: Dr Nicholas Taylor (Professor, Supervisor) 

Principal Researcher: Dr Helen McBurney (Associate Professor, Supervisor) 

 

 
This Participant Information and Consent Form is 6 pages long. Please make sure you have all the 
pages.  

1. Your Consent 

You are invited to take part in this research project.  

This Participant Information contains detailed information about the research project. Its purpose is to 
explain to you as openly and clearly as possible all the procedures involved in this project before you 
decide whether or not to take part in it.  

Please read this Participant Information carefully. Feel free to ask questions about any information in the 
document. You may also wish to discuss the project with a relative or friend or your local health worker. 
Feel free to do this. 

Once you understand what the project is about and if you agree to take part in it, you will be asked to sign 
the Consent Form. By signing the Consent Form, you indicate that you understand the information and 
that you give your consent to participate in the research project. 

You will be given a copy of the Participant Information and Consent Form to keep as a record. 

2. Purpose and Background 

The purpose of this project is to determine if the results of the cardiopulmonary exercise test (stress test) 
correlate with results of the modified 10m incremental shuttle walk test (ISWT).  

A total of 15 people will participate in this project. 

It is not known if the results of the modified 10m ISWT correlate with the results of the stress test ordered 
by your cardiologist. Previous research has indicated that there is a strong relationship, however, this 
research has looked at a specific group of people with cardiac disease.   

You are invited to participate in this research project because you have been referred to your cardiologist 
for a stress test.      

This project is a part of PhD research by Lisa, and the results may be used to help Lisa to obtain a PhD 
degree. 
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3. Procedures 

Participation in this project will involve completion of two additional walk tests in the same week that you 
complete your stress test. A minimum of a 20 minute rest break will occur between each walk test. This 
walk test involves walking up and down a flat indoor corridor for a maximum of 12 minutes. Walking 
speed is set by a pre-recorded CD.   

It is estimated that this additional assessment will take no longer than 60 minutes.   

4. Possible Benefits   

We cannot guarantee or promise that you will receive any benefits from this project. 

5. Possible Risks 

The test may provoke symptoms such as shortness of breath or tiredness in the legs.  You may find that 
you feel puffed while you are walking, this will generally settle within two to five minutes after completing 
the test.  If this is your first attempt at exercise, you may find that your muscles will be sore from walking. 
As the test is self limiting, you are able to stop at any stage.  

In the event of a side effect all the usual safety procedures will be followed.  

If you find the test distressing in any way, you may suspend or end your participation in the project.   

6. Alternatives to Participation 

You are not under any obligation to participate. If you chose not to participate you will still receive the 
usual level care by your cardiologist. 

7. Privacy, Confidentiality and Disclosure of Information 

Any information obtained in connection with this project and that can identify you will remain confidential.  
It will only be disclosed with your permission, except as required by law.  

If you give us your permission by signing the Consent Form, we will record your results of the modified 
10m ISWT and match these with your results of your stress test. Once results have been matched we will 
remove any identifying features such as your name and address and use the information for analysis.  
Personal information that will be retained includes: age, gender, cardiac diagnosis and intervention, any 
relevant medical history, and medications, and any walking problems. These results along with the 
results of your walk test and stress test will be entered into a statistics computer program and analysed.   

This de-identified information will be stored in a locked filing cabinet in the offices of La Trobe University 
Physiotherapy School Bendigo, specifically Level 1 of the West Wing in room W2-01D. Only Lisa 
Hanson, Dr Nicholas Taylor and Dr Helen McBurney will have access to this information.  The de-
identified data will be archived and shredded after 7 years.  In any publication, information will be 
provided in such a way that you cannot be identified.  Group data will be reported, no individuals will be 
able to be identified.   

8. New Information Arising During the Project 

During the research project, new information about the risks and benefits of the project may become 
known to the researchers. If this occurs, you will be told about this new information. This new information 
may mean that you can no longer participate in this research. If this occurs, the person supervising the 
research will stop your participation. In all cases, you will be offered all available care to suit your needs 
and medical condition. 

9. Results of Project 

At completion of the exercise test your individual results will be explained to you as per our usual 
practice.  A summary of the final group results will be available at the completion of the project.  If you 
wish to receive this information, please indicate on the consent form.   
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10. Further Information or Any Problems 

If you require further information or if you have any problems concerning this project, you can contact 
Lisa Hanson, Dr Nicholas Taylor or Dr Helen McBurney.  The researchers responsible for this project are 

Lisa Hanson Phone (03) 5454 7020   

Dr Nicholas Taylor    Phone (03) 9479 5860 Please not that Dr Nicholas Taylor is a Doctor of 
Philosophy, not a Medical Doctor.  

Dr Helen McBurney Phone (03) 5173 8196 or (03) 5173 8216 Please note that Dr Helen McBurney is 
a Doctor of Philosophy, not a Medical Doctor. 

If you develop any medical problems outside of the assessment, you should attend your GP or 
emergency department.  If you develop chest pain, please follow your usual chest pain management 
strategy, and call an ambulance if required.    

11. Other Issues 

St John of God Health Care Ethics Committee and the Faculty Human Ethics Committee, Faculty of 
Health Sciences, La Trobe University have given ethical approval for the conduct of this study. If you 
have any concerns of complaints regarding any aspect of the project, the way it is being conducted or 
any questions about your rights as a research participant, then you may contact either: 

Name:  Ms Gorette De Jesus  

Position:  Executive Officer, St John of God Health Care Ethics Committee 

Telephone: (08) 9382 6940 

Email: ethics@sjog.org.au 

Or 

Name:  Neil McDonald 

Position: Secretary, Faculty Human Ethics Committee, Faculty of Health Sciences, La 
Trobe University 

Telephone:  (03) 9479 2357  

E-mail:  n.mcdonald@latrobe.edu.au 

You will need to report the name of one of the researchers given in section 10 above. This will be 
managed confidentially. Your concerns will be drawn to the attention of the Committee that is monitoring 
the study. 

12. Participation is Voluntary 

Participation in any research project is voluntary. If you do not wish to take part you are not obliged to. If 
you decide to take part and later change your mind, you are free to withdraw from the project at any 
stage.  

Your decision whether to take part or not to take part, or to take part and then withdraw, will not affect 
your routine treatment, your relationship with those treating you or your relationship with St John of God 
Health Care. 

Before you make your decision, a member of the research team will be available to answer any questions 
you have about the research project. You can ask for any information you want.  Sign the Consent Form 
only after you have had a chance to ask your questions and have received satisfactory answers. 
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If you decide to withdraw from this project, please notify a member of the research team before you 
withdraw. This notice will allow that person or the research supervisor to inform you if there are any 
health risks or special requirements linked to withdrawing. 

13. Ethical Guidelines 

This project will be carried out according to the National Statement on Ethical Conduct in Research 

Involving Humans (June 1999) produced by the National Health and Medical Research Council of 
Australia. This statement has been developed to protect the interests of people who agree to participate 
in human research studies. 

The ethical aspects of this research project have been approved by the Human Research Ethics 
Committee of St John of God Health Care and LaTrobe University, Faculty of Health Science. 

14. Reimbursement for your costs 

You will not be paid for your participation in this project.  
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Consent Form 

Version: 1 Date: June 28, 2010 
Site: Cardiac Rehabilitation; Physiotherapy Department, St John of God Health Care 

Full Project Title: The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test 
when Used in Cardiac Rehabilitation. Part A. 

 
I have read, or have had read to me, and I understand the Participant Information version 1 dated June 

28, 2010. 

I freely agree to participate in this project according to the conditions in the Participant Information.  

I will be given a copy of the Participant Information and Consent Form to keep  

The researcher has agreed not to reveal my identity and personal details if information about this project 
is published or presented in any public form.   

 

Participant’s Name (printed) …………………………………………………… 

Signature        Date 

 

Name of Witness to Participant’s Signature (printed) ………………………………… 

Signature        Date 

 

Declaration by researcher*: I have given a verbal explanation of the research project, its procedures and 
risks and I believe that the participant has understood that explanation. 

Researcher’s Name (printed) …………………………………………………… 

Signature        Date 

* A senior member of the research team must provide the explanation and provision of information 
concerning the research project.  

 

     I wish to receive a summary of the final results of this project.  I understand that the researchers 
will mail the results to me, and will access my St John of God Medical Record for my postal 
address.   

Signature        Date 

 

Note: All parties signing the Consent Form must date their own signature. 
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Revocation of Consent Form 

Version: 1 Date: June 28, 2010 
Site: Cardiac Rehabilitation; Physiotherapy Department, St John of God Health Care 

Full Project Title: The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test 
when Used in Cardiac Rehabilitation. Part A.  

 

 

I hereby wish to WITHDRAW my consent to participate in the research proposal described above and 
understand that such withdrawal WILL NOT jeopardise any treatment or my relationship with St John of 
God Health Care. 

 
 
 
Participant’s Name (printed) ……………………………………………………. 
 
 
Signature       Date 
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Participant Information and Consent Form 

Date: June 28, 2010 
Site: Cardiac Rehabilitation; Physiotherapy Department, St John of God Health Care, Bendigo 

Full Project Title: The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test 

when Used in Cardiac Rehabilitation. Part B.  

 

Principal Researcher: Lisa Hanson (Senior Clinician, PhD Student) 

Principal Researcher: Dr Nicholas Taylor (Professor, Supervisor) 

Principal Researcher: Dr Helen McBurney (Associate Professor, Supervisor) 

 

 
This Participant Information and Consent Form is 6 pages long. Please make sure you have all the 
pages.  

1. Your Consent 

You are invited to take part in this research project.  

This Participant Information contains detailed information about the research project. Its purpose is to 
explain to you as openly and clearly as possible all the procedures involved in this project before you 
decide whether or not to take part in it.  

Please read this Participant Information carefully. Feel free to ask questions about any information in the 
document. You may also wish to discuss the project with a relative or friend or your local health worker. 
Feel free to do this. 

Once you understand what the project is about and if you agree to take part in it, you will be asked to sign 
the Consent Form. By signing the Consent Form, you indicate that you understand the information and 
that you give your consent to participate in the research project. 

You will be given a copy of the Participant Information and Consent Form to keep as a record. 

2. Purpose and Background 

The purpose of this project is to investigate measurement properties of the modified 10m incremental 
shuttle walk test (ISWT) when used in cardiac rehabilitation, i.e., to determine if the test provides an 
accurate measure of the physical fitness of people who attend cardiac rehabilitation.   

A total of 50 people will participate in this project. 

The validity, responsiveness and thus interpretability of the 10m ISWT when used to assess physical 
fitness in a general cardiac rehabilitation program remains largely unknown. Previous research involved a 
group of people with specific cardiac disease (male patients following open heart surgery), and in this 
instance suggest that the test was valid and responsive to change.   

You are invited to participate in this research project because you have been referred to cardiac 
rehabilitation.   

This project is a part of PhD research by Lisa, and the results may be used to help Lisa to obtain a PhD 
degree. 
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3. Procedures 

Participation in this project will involve completion of walk tests during your initial assessment.  Two 
modified 10m ISWTs will be completed on admission to cardiac rehabilitation. A minimum of a 15 minute 
rest break will occur between each test. In addition you will be asked to complete questionnaires that 
measure quality of life, likelihood of depression and self efficacy. Throughout the cardiac rehabilitation 
program you will be asked to record your activity and pedometer readings in an exercise diary.  Upon 
discharge from cardiac rehabilitation you will be asked to repeat the walk tests and the questionnaires. 
These assessments are more involved the usual care (i.e., usual care does not include an individual 
physiotherapy assessment on admission to and discharge from cardiac rehabilitation).  

The walk test involves walking up and down a flat indoor corridor for a maximum of 12 minutes.  Walking 
speed is set by a pre-recorded CD.   

It is estimated that your initial physiotherapy assessment will take 60 minutes longer than usual.   

4. Possible Benefits 

The walk test is used to guide the exercise program we develop for you when you start the program.  The 
walk test also provides us with important information to develop a home walking program. The more 
accurate the results of the walk test, the more appropriate the exercise program will be for you.   

We cannot guarantee or promise that you will receive any benefits from this project. 

5. Possible Risks 

The test may provoke symptoms such as shortness of breath or tiredness in the legs.  You may find that 
you feel puffed while you are walking, this will generally settle within two to five minutes after completing 
the test.  If this is your first attempt at exercise, you may find that your muscles will be sore from walking. 
As the test is self limiting, you are able to stop at any stage.  

In the event of a side effect all the usual safety procedures will be followed.  

If you find the test distressing in any way, you may suspend or end your participation in the project.   

6. Alternatives to Participation 

You are not under any obligation to participate. If you chose not to participate you will receive the usual 
level of care within the program   

7. Privacy, Confidentiality and Disclosure of Information 

Any information obtained in connection with this project and that can identify you will remain confidential.  
Any information that can identify you will be securely stored at St John of God Health Care in Bendigo.  It 
will only be disclosed with your permission, except as required by law.  

If you give us your permission by signing the Consent Form, we plan to record information on the 
recording sheet. Following completion of cardiac rehabilitation we will remove any identifying features 
such as your name and address and use the information for further analysis. Information that will be 
retained includes: age, gender, cardiac diagnosis and intervention, any relevant medical history, and 
medications, and any walking problems. These results along with the results of your walk test, exercise 
diary and questionnaires will be entered into a statistics computer program and further analysed.   

This de-identified information will be stored in a locked filing cabinet in the offices of La Trobe University 
Physiotherapy School Bendigo, specifically Level 1 of the West Wing in room W2-01D. Only Lisa 
Hanson, Dr Nicholas Taylor and Dr Helen McBurney will have access to this information.  The de-
identified data will be archived and shredded after 7 years.  In any publication, information will be 
provided in such a way that you cannot be identified.  Group data will be reported, no individuals will be 
able to be identified.   
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8. New Information Arising During the Project 

During the research project, new information about the risks and benefits of the project may become 
known to the researchers. If this occurs, you will be told about this new information. This new information 
may mean that you can no longer participate in this research. If this occurs, the person supervising the 
research will stop your participation. In all cases, you will be offered all available care to suit your needs 
and medical condition. 

9. Results of Project 

At completion of the exercise test your individual results will be explained to you as per our usual 
practice.  A summary of the final group results will be available at the completion of the project.  If you 
wish to receive this information, please indicate on the consent form.   

10. Further Information or Any Problems 

If you require further information or if you have any problems concerning this project, you can contact 
Lisa Hanson, Dr Nicholas Taylor or Dr Helen McBurney.  The researchers responsible for this project are 

Lisa Hanson Phone (03) 5454 7020   

Dr Nicholas Taylor    Phone (03) 9479 5860 Please not that Dr Nicholas Taylor is a Doctor of 
Philosophy, not a Medical Doctor.  

Dr Helen McBurney Phone (03) 5173 8196 or (03) 5173 8216 Please note that Dr Helen McBurney is 
a Doctor of Philosophy, not a Medical Doctor. 

If you develop any medical problems outside of the assessment, you should attend your GP or 
emergency department.  If you develop chest pain, please follow your usual chest pain management 
strategy, and call an ambulance if required.    

11. Other Issues 

St John of God Health Care Ethics Committee and the Faculty Human Ethics Committee, Faculty of 
Health Sciences, La Trobe University have given ethical approval for the conduct of this study. If you 
have any concerns of complaints regarding any aspect of the project, the way it is being conducted or 
any questions about your rights as a research participant, then you may contact either: 

Name:  Ms Gorette De Jesus  

Position:  Executive Officer, St John of God Health Care Ethics Committee 

Telephone: (08) 9382 6940 

Email: ethics@sjog.org.au 

Or 

Name:  Neil McDonald 

Position: Secretary, Faculty Human Ethics Committee, Faculty of Health Sciences, La 
Trobe University 

Telephone:  (03) 9479 2357  

E-mail:  n.mcdonald@latrobe.edu.au 

You will need to report the name of one of the researchers given in section 10 above. This will be 
managed confidentially. Your concerns will be drawn to the attention of the Committee that is monitoring 
the study. 
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12. Participation is Voluntary 

Participation in any research project is voluntary. If you do not wish to take part you are not obliged to. If 
you decide to take part and later change your mind, you are free to withdraw from the project at any 
stage.  

Your decision whether to take part or not to take part, or to take part and then withdraw, will not affect 
your routine treatment, your relationship with those treating you or your relationship with St John of God 
Health. 

Before you make your decision, a member of the research team will be available to answer any questions 
you have about the research project. You can ask for any information you want.  Sign the Consent Form 
only after you have had a chance to ask your questions and have received satisfactory answers. 

If you decide to withdraw from this project, please notify a member of the research team before you 
withdraw. This notice will allow that person or the research supervisor to inform you if there are any 
health risks or special requirements linked to withdrawing. 

13. Ethical Guidelines 

This project will be carried out according to the National Statement on Ethical Conduct in Research 

Involving Humans (June 1999) produced by the National Health and Medical Research Council of 
Australia. This statement has been developed to protect the interests of people who agree to participate 
in human research studies. 

The ethical aspects of this research project have been approved by the Human Research Ethics 
Committee of St John of God Health Careand LaTrobe University, Faculty of Health Science. 

14. Reimbursement for your costs 

You will not be paid for your participation in this project.  
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Consent Form 

Version: 1 Date: June 28, 2010  
Site: Cardiac Rehabilitation; Physiotherapy Department, St John of God Health Care Bendigo 

Full Project Title: The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test 
when used in Cardiac Rehabilitation. Part B. 

 

 
I have read, or have had read to me, and I understand the Participant Information version 1 dated June 

28, 2010. 

I freely agree to participate in this project according to the conditions in the Participant Information.  

I will be given a copy of the Participant Information and Consent Form to keep  

The researcher has agreed not to reveal my identity and personal details if information about this project 
is published or presented in any public form.   

 

Participant’s Name (printed) …………………………………………………… 

Signature        Date 

 

Name of Witness to Participant’s Signature (printed) ………………………………… 

Signature        Date 

 

Declaration by researcher*: I have given a verbal explanation of the research project, its procedures and 
risks and I believe that the participant has understood that explanation. 

Researcher’s Name (printed) …………………………………………………… 

Signature        Date 

* A senior member of the research team must provide the explanation and provision of information 
concerning the research project.  

 

     I wish to receive a summary of the final results of this project.  I understand that the researchers 
will mail the results to me, and will access my St John of God record for my postal address.   

Signature        Date 

 

Note: All parties signing the Consent Form must date their own signature. 
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Revocation of Consent Form 

Version: 1 Date: June 28, 2010 
Site: Cardiac Rehabilitation; Physiotherapy Department, St John of God Healthcare Bendigo 

Full Project Title:The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test when 
used in Cardiac Rehabilitation. Part B. 

 

 

I hereby wish to WITHDRAW my consent to participate in the research proposal described above and 
understand that such withdrawal WILL NOT jeopardise any treatment or my relationship with St John of 
God Healthcare. 

 
 
 
Participant’s Name (printed) ……………………………………………………. 
 
 
Signature       Date 
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Appendix 4: Data Recording Sheets  

Data recording sheets were used for data collection for the empirical studies.  

  



Data Collection Sheet - Initial Assessment 

Project: The Reproducibility of the Six Minute Walk Test in 
Patients Referred to Cardiac Rehabilitation. 
 
Date/Time        Assessor: 
Cardiac Diagnosis/Intervention: 
 
 
Cardiac Signs and Symptoms: 
 
Cardiac Medications 
 
Relevant Medical History: 
 
 
Other Relevant Medications 
 
Mobility Status: 
Gait Aid: 
Age: 
Gender: 

Weight: 
Height: 

Walk 1:  
Date/Time:  
Pre:  
BP                   HR 
RR                   SpO2 
 
6MW Distance: 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 
 
 
 

Walk 2: 
Date/Time:  
Pre: 
BP                   HR 
RR                   SpO2 
 
6MW Distance: 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 

Walk 3: 
Date/Time: 
Pre: 
BP                   HR 
RR                   SpO2 
 
6MW Distance: 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 

 

UR #…………………………… 
Surname ………………………. 
Name…………………………… 
DOB……………………………. 
(UR Sticker if available) 

 



Data Collection Sheet – Discharge Assessment 

Project: The Reproducibility of the Six Minute Walk Test in Patients 
Referred to Cardiac Rehabilitation. 

 
Walk 4 
Date/Time:  
Pre:  
BP                   HR 
RR                   SpO2 
 
6MW Distance: 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 
 
 
 

Walk 5 
Date/Time:  
Pre:  
BP                   HR 
RR                   SpO2 
 
6MW Distance: 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 
 
 
 

 
 
Other Comments (i.e., report any adverse responses) 
 
 
 
 
 
 
 
 
 

 Discussed individual results with participant 
 
Signature:       Date: 
 

UR #…………………………… 
Surname ………………………. 
Name…………………………… 
DOB……………………………. 
(UR Sticker if available) 

 



Data Collection Sheet - Initial Assessment 

Project: A Comparison of the Incremental Shuttle Walk Test and the 
Six Minute Walk Test in Patients Referred to Cardiac Rehabilitation 
Study One: Repeated ISWTs 
Date/Time        Assessor: 
Cardiac Diagnosis/Intervention: 
 
Cardiac Signs and Symptoms: 
 
Cardiac Medications 
 
Relevant Medical History: 
 
Other Relevant Medications 
 
Mobility Status / Gait Aid: 
Current and Previous Exercise Tolerance: 
 
Age: 
Gender: 

Weight: 
Height: 

Walk 1:  
Date/Time:  
Pre:  
BP                   HR 
RR                   SpO2 

ISWT:  
 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 
 
 
 

Walk 2: 
Date/Time:  
Pre: 
BP                   HR 
RR                   SpO2 
 
ISWT: 
 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 

Walk 3: 
Date/Time: 
Pre: 
BP                   HR 
RR                   SpO2 
 
ISWT: 
 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 

UR #…………………………… 
Surname ………………………. 
Name……………………………  

Time 
Shuttle 
Distance 
Peak HR/RPE 

Time 
Shuttle 
Distance 
Peak HR/RPE 

Time 
Shuttle 
Distance 
Peak HR/RPE 



Data Collection Sheet -  Discharge Assessment -  

Project: A Comparison of the Incremental Shuttle Walk Test and the 
Six Minute Walk Test in Patients Referred to Cardiac Rehabilitation 
Study One: Repeated ISWTs 
Walk 4:  
Date/Time:  
Pre:  
BP                   HR 
RR                   SpO2 

ISWT:  
 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 
 
 
 

Walk 5: 
Date/Time:  
Pre: 
BP                   HR 
RR                   SpO2 
 
ISWT: 
 
 
Immediately Post 
BP                   HR 
RR                   SpO2 
RPE 
 
2 Minutes Post 
BP                   HR 
RR                   SpO2 
RPE 
 
Further Monitoring  
BP                   HR 
RR                   SpO2 
RPE 
 
Symptoms Provoked: 

 
Signature:       Date

Time 
Shuttle 
Distance 
Peak HR/RPE 

Time 
Shuttle 
Distance 
Peak HR/RPE 

UR #…………………………… 
Surname ………………………. 
Name……………………………  



 

CODE: 
Date of Assessment: 
Time: 
Assessor
 

Project: The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test when 
Used in Cardiac Rehabilitation. Part A.  

Cardiac History (Include: diagnosis, intervention, signs and symptoms and medications): 

Other Relevant Medical History and medications: 

Mobility Status / Gait Aid: 

Current  

Previous Exercise Tolerance: 

Age: 
Gender: 

Weight: 
Height: 

BMI: 
Hip/Waist Ratio 

TEST 1: Date 

Post test Pre Peak 

0 
min 

2 min 5 
min 

BP      

RR      

SpO2      

HR      

RPE      

Symptoms 

Level 1    
Level 2    
Level 3    
Level 4    
Level 5    
Level 6    
Level 7    
Level 8    
Level 9    
Level 10  
Level 11  
Level 12  

Test  2: Date 

Post test Pre Peak 

0 
min 

2 min 5 
min 

BP      

RR      

SpO2      

HR      

RPE      

Symptoms 

Level 1    
Level 2    
Level 3    
Level 4    
Level 5    
Level 6    
Level 7    
Level 8    
Level 9    
Level 10  
Level 11  
Level 12  



 

CODE: 
Date of Assessment: 
Time: 
Assessor
 

Cardiopulmonary Exercise Test Result 



 

CODE: 
Date of Assessment: 
Time: 
Assessor
 

Project: The Measurement Properties of the Modified 10m Incremental Shuttle Walk Test when 
Used in Cardiac Rehabilitation. Part B.  

Cardiac History (Include: diagnosis, intervention, signs and symptoms and medications): 

Other Relevant Medical History and medications: 

Mobility Status / Gait Aid: 

Current  

Previous Exercise Tolerance: 

Age: 
Gender: 

Weight: 
Height: 

BMI: 
Hip/Waist Ratio 

TEST 1: Date 

Post test Pre Peak 

0 
min 

2 min 5 
min 

BP      

RR      

SpO2      

HR      

RPE      

Symptoms 

Level 1    
Level 2    
Level 3    
Level 4    
Level 5    
Level 6    
Level 7    
Level 8    
Level 9    
Level 10  
Level 11  
Level 12  

Test  2: Date 

Post test Pre Peak 

0 
min 

2 min 5 
min 

BP      

RR      

SpO2      

HR      

RPE      

Symptoms 

Level 1    
Level 2    
Level 3    
Level 4    
Level 5    
Level 6    
Level 7    
Level 8    
Level 9    
Level 10  
Level 11  
Level 12  



 

CODE: 
Date of Assessment: 
Time: 
Assessor
 

Discharge Assessment: 
Reported Exercise: 

Weight BMI Hip:Waist ratio 

Test 3: Date 

Post test Pre Peak 

0 
min 

2 min 5 
min 

BP      

RR      

SpO2      

HR      

RPE      

Symptoms 

Level 1    
Level 2    
Level 3    
Level 4    
Level 5    
Level 6    
Level 7    
Level 8    
Level 9    
Level 10  
Level 11  
Level 12  

Test 4: Data 

Post test Pre Peak 

0 
min 

2 min 5 
min 

BP      

RR      

SpO2      

HR      

RPE      

Symptoms 

Level 1    
Level 2    
Level 3    
Level 4    
Level 5    
Level 6    
Level 7    
Level 8    
Level 9    
Level 10  
Level 11  
Level 12  

Admission Discharge 
SF 36: Overall Score: 

PF: 
RP: 
BP: 
GH: 

Physical Health 

VT: 
SF: 
RE: 
MH: 

Mental Health 

SF 36: Overall Score: 

PF: 
RP: 
BP: 
GH: 

Physical Health 

VT: 
SF: 
RE: 
MH: 

Mental Health 

 
Scores: 
BCD:  

Self Efficacy 

Scores: 
BCD:  
 
Self Efficacy 
 

Global Rating of Change (upon discharge only): 
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Appendix 5: Calculation of Group and Individual Confidence Limits for 

the Symptom-Limited Exercise Test for a Specific 10 m ISWT Distance  

The work in this Appendix relates to Chapter 4, Section 4.3.4.2, Predictive criterion 

validity of the 10 m ISWT. This appendix presents the calculation for the group and 

individual confidence limits for the symptom-limited exercise at a specific 10 m 

ISWT distance.   

The 95% confidence limits for the symptom-limited exercise test score for the group 

at a specific 10 m ISWT score (X) were calculated (Altman & Gardner, 2000, p. 76; 

Howell, 2012, p. 275).  

95% = ( + ) ± ∙
1

+
( − )
( − 1)  

 

Where +  is the regression equation for a specific value for X ( );  is a 

constant for t for a 95% confidence interval, two-tailed at the degrees of freedom and 

∙ + ( )
( )  

 is the standard error of the regression equation for ;  is the 

mean of the X scores in the sample; and   is the squared standard deviation of X 

(Howell, 2012, p. 275). 

The 95% individual confidence limits were calculated for the symptom-limited 

exercise test specific 10 m ISWT scores using the formula (Howell, 2012, p. 275). 
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95% ( ) = ( + ) ± ∙ 1 +
1

+
( − )
( − 1)  

 

Where ∙ 1 + + ( )
( )  

 is the standard error for a specific value for X. Where 

∙  is the standard error of estimiate, N is the number in the sample,  is the mean of 

the X scores in the sample, and   is the squared standard deviation of X (Howell, 

2012, p. 275). 
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Appendix 6: Systematic Review Search Strategy  

In this thesis, the systematic review was published in chapter 7. The search strategy 

was design to be highly sensitive for retrieving studies on measurement properties. 

The selection of key terms for the measurement properties was based on the 

guidelines by Terwee et al. (2009) and the recommendations by the COSMIN group 

(Mokkink et al., 2010c). Table A6.1 outlines the key terms used.  

Table A6.1 

Key Search Terms used for the Systematic Review 

Key Word 
Population 

 Cardiac rehabilitation OR Cardiovascular rehabilitation OR Cardi* OR Myocardi* OR 

Heart* OR Coronar* OR Cardiac Patient / Cardiac Patients OR Heart (MH) OR 

Coronary disease (MH) OR Heart Disease (MH) OR Cardiovascular diseases (MH), 

OR Rehabilitation, Cardiac (MH) 

AND 

Field Exercise test 

 Exercise test* (+/-MH) OR Exercise test, cardiopulmonary (MH) OR Exercise test, 

muscular (MH) OR Walk test OR Shuttle walk OR Six min OR 6MWT OR SMWT 

OR ISWT OR SWT OR Submaximal exercise test OR Functional test OR Fitness test 

OR Run test OR Step test OR Ergometry, cycle OR Treadmill test 

AND 

Psychometric Property 

 Psychometrics (MH) OR Measurement error (MH) OR Reliability and Validity (MH) 

OR Reproducibility of results (MH) OR Measurement properties OR Reliab* OR 

Valid* OR Consistency OR Clinometr* OR Reproducib* OR Responsive* OR 

Interpretability OR Interpretability OR Instrumentation[sh] OR methods[sh] OR 

validation studies[pt] OR comparative study[pt] OR psychometrics[MeSH] OR 

clinimetr*[tw] OR clinometr*[tw] OR outcome assessment (health care)[MeSH] OR 

outcome assessment[tiab] OR outcome measure[tw] OR observer variation[MeSH] OR 
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Health Status Indicators[MeSH] OR reproducibility of results[MeSH] OR 

reproducib*[tiab] OR discriminant analysis[MeSH] OR reliab*[tiab] OR 

unreliab*[tiab] OR valid*[tiab] OR coefficient[tiab] OR homogeneity[tiab] OR 

homogeneous[tiab] OR internal consistency[tiab] OR (chronbach*[tiab] AND 

(alpha[tiab] or alphas[tiab])) OR (item[tiab] AND (correlation[tiab] OR selection[tiab] 

OR reduction[tiab])) OR agreement[tiab] OR precision[tiab] OR imprecision[tiab] OR 

precise values[tiab] OR test-retest[tiab] OR (test[tiab] AND retest[tiab]) OR 

(reliab*[tiab] AND (test[tiab] OR retest[tiab])) OR stability[tiab] OR interrater[tiab] 

OR interrater[tiab] OR inter-rater[tiab] OR intrarater OR intra-rater[tiab] OR 

intertester[tiab] OR inter-tester[tiab] OR intratester[tiab] OR intra-tester[tiab] OR 

interobserver[tiab] OR inter-observer[tiab] OR intraobserver[tiab] OR intra-

observer[tiab] OR intertechnician[tiab] OR inter-technician[tiab] OR 

intratechnician[tiab] OR intra-technician[tiab] OR interexaminer[tiab] OR inter-

examiner[tiab] OR intraexaminer[tiab] OR intra-examiner[tiab] OR interassay[tiab] 

OR inter-assay[tiab] OR intraassay[tiab] OR intra-assay[tiab] OR interparticipant[tiab] 

OR inter-participant[tiab] OR intraparticipant[tiab] OR intra-participant OR 

kappa[tiab] OR Kappa’s[tiab] OR kappas[tiab] OR repeatab*[tiab] OR 

((replicab*[tiab] OR repeated[tiab]) AND (measure[tiab] OR measures[tiab] OR 

findings[tiab] OR result[tiab] OR test[tiab] OR tests[tiab])) OR generalisa[tiab] OR 

generaliza[tiab] OR concordance[tiab] OR (intraclass[tiab] AND correlation[tiab]) OR 

discriminative[tiab] OR known group[tiab] OR factor analysis[tiab] OR factor 

analyses[tiab] OR dimension[tiab] OR subscale[tiab] OR (multitrait[tiab] AND 

scaling[tiab] AND (analysis[tiab] OR analyses[tiab])) OR item discriminant[tiab] OR 

interscale correlation*[tiab] OR error[tiab] OR errors[tiab] OR individual 

variability[tiab] OR (variability[tiab] AND (analysis[tiab] OR values[tiab]) OR 

(uncertainty[tiab] AND (measurement[tiab] OR measuring[tiab])) OR “standard error 

of measurement”[tiab] OR sensitive*[tiab] OR responsive*[tiab] OR ((minimal[tiab] 

OR minimally[tiab] OR clinical[tiab]) AND (important[tiab] OR significant[tiab] OR 

detectable[tiab]) AND (change[tiab] OR differences[tiab])) OR (small*[tiab] AND 

(real[tiab] OR detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR 

meaningful change[tiab] OR “ceiling effect”[tiab] OR “floor effect”[tiab] OR “Item 

response model”[tiab] OR IRT[tiab] OR Rasch[tiab] OR “differential item 

functioning”[tiab] OR DIF[tiab] OR “computer adaptive testing”[tiab] OR ‘item 

bank”[tiab] OR “cross-cultural equivalence”[tiab])   …….. 
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Appendix 7: Systematic Review Data Extraction Forms 

Table A7.1 shows the data extraction form used for the studies included in the 

systematic review.  

Table A7.2 shows the summary sheets for scoring the COSMIN checklist with 4-point 

scale (Terwee et al., 2012). 
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Table A7.1 

Data extraction for the Systematic Review  

Date:                                                                    Name: 

Reference 

Measurement properties:      RR     ME     CrV     CoV     Re     In  

Study setting and country/language:  

 

Population (n):   Age M (SD)  Gender M Diagnosis 

 

Inclusion criteria: Exclusion criteria 

 

Participant selection method described 

 

Field Exercise test: 

Operating procedures: Outcome measures 

 

 

Results: including field test scores; ceiling or floor;   statistics as per COSMIN Y/N 

 

 

Description of other measures 

 

Other comments 

 

Measurement properties COSMIN quality scoring 

 

 

Other 

 

Note. RR = relative reliability; ME = measurement error; CrV = criterion validity; CoV = 
construct validity (hypothesis testing); Re = responsiveness; In = Interpretability.
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Appendix 8:  Systematic Review Studies Excluded after Full Text and 

Studies Included through Manual Search Strategies  

There were 78 studies included in this systematic review. The appendix shows the 

studies that were excluded in the full text review of the systematic review. The 

systematic review was presented in Chapter 7. The references for the studies that were 

excluded, based on inclusion and exclusion criteria, are not included in the reference 

list of this thesis, unless cited throughout the thesis.  

Studies excluded based on Full Text Review 

Exclusion criteria: Device testing (n = 1). 

Jehn, M., Schmidt-Trucksäess, A., Schuster, T., Hanssen, H., Weis, M., Halle, M., & 

Koehler, F. (2009). Accelerometer-based quantification of 6-minute walk test 

performance in patients with chronic heart failure: applicability in telemedicine. 

Journal of Cardiac Failure, 15(4), 334-340. doi:10.1016/j.cardfail.2008.11.011 

Exclusion criterion: No psychometric properties  

Golabchi, A., Basati, F., Kargarfard, M. & Sadeghi, M. (2012). Can cardiac 

rehabilitation programs improve functional capacity and left ventricular 

diastolic function in patients with mechanical reperfusion after ST elevation 

myocardial infarction?: A double-blind clinical trial. ARYA Atherosclerosis 

8(3), 125. 
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Haeffener, M. P., Ferreira, G. M., Barreto, S. S. M., Arena, R. & Dall’Ago, P. (2008). 

Incentive spirometry with expiratory positive airway pressure reduces 

pulmonary complications, improves pulmonary function and 6-minute walk 

distance in patients undergoing coronary artery bypass graft surgery. American 

Heart Journal 156(5), 900.e1-900.e8. doi:10.1016/j.ahj.2008.08.006 

Hirschhorn, A. D., Richards, D., Mungovan, S. F., Morris, N. R. & Adams, L. (2008). 

Supervised moderate intensity exercise improves distance walked at hospital 

discharge following coronary artery bypass graft surgery--a randomised 

controlled trial. Heart, Lung & Circulation 17(2), 129-138. 

doi:10.1016/j.hlc.2007.09.004 

Jain, A., Myers, G. H., Sapin, P. M. & O’Rourke, R. A. (1993). Comparison of 

symptom-limited and low level exercise tolerance tests early after myocardial 

infarction. Journal of the American College of Cardiology 22(7), 1816-1820. 

doi:10.1016/0735-1097(93)90763-Q 

Jelinek, H. F., Huang, A. Q., Khandoker, A. H., Chang, D, & Kiat, H. (2013). Cardiac 

rehabilitation outcomes following a 6-week program of PCI and CABG 

Patients. Frontiers in Physiology Oct(4), article number 302. 

doi:10.3389/fphys.2013.00302 

Jolly, K., Lip, G. Y. H., Taylor, R. S., Raftery, J., Mant, J., Lane, D., . . . Stevens, A. 

(2009). The Birmingham rehabilitation uptake maximisation study (BRUM): a 

randomised controlled trial comparing home-based with centre-based cardiac 

rehabilitation. Heart, 95, 36-42. doi:10.1136/hrt.2007.127209 
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Jolly, K., Taylor, R., Lip, G. Y., Greenfield, S., Raftery, J., Mant, J., . . . & Stevens, 

A. (2007). The Birmingham Rehabilitation Uptake Maximisation Study 

(BRUM). Home-based compared with hospital-based cardiac rehabilitation in a 

multi-ethnic population: Cost-effectiveness and patient adherence. Health 

technology assessment 11(35), 1-118. doi:10.3310/hta11350 

Juneau, M., Colles, P. Théroux, P., de Guise, P. Pelletier, G., Lam, J., & Waters, D. 
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Appendix 9: Results of the Quality Review 

This appendix reports the results of the methodological quality assessment of each of the 

studies included in the systematic review presented in Chapter 7 of the thesis. A 

methodological quality review was performed on each measurement property addressed in 

each study retrieved for the systematic review.  

Two examiners completed the methodological quality assessment independently and then 

discussed the results. The results of the methodological assessment after discussion are 

presented for relative reliability (Table A9.1), measurement error (Table A9.2), criterion 

validity (Table A9.3), construct validity (Table A9.4) and responsiveness (Table A9.5).  
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Appendix 10: Study Results of Measurement Properties 

For the systematic literature review, two reviewers extracted data relating to results of 

the measurement properties independently and then discussed each study for 

accuracy. This appendix summarises the results of the measurement properties 

presented in each study for the 6MWT (Table A10.1), the 10 m ISWT (Table A10.2) 

and the other field exercise tests (Table A10.3).  
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Table A10.1 

Results of the Measurement Properties of the 6MWT 

First author (date) 

Method. 
Quality 
Review Results Comments 

Relative Reliability  

 Bellet 2011 Fair Baseline ICC .93, 95% CI [.90, .95]; 

6/52 Follow-up ICC .95, 95% CI [.91, 

.98]; 6/12 Follow-up ICC .91, 95% CI 

[.82, .95] 

2 6MWTs, Same 

day 

 Cahalin 1996 Good* ICC .96 2 6MWTs, Same 

day 

 Carvalho 2011 Fair* r (Spearman’s rho) = .93  2 6MWTs, Same 

day 

 Corvea-Tindel 

2009 

Fair* r = .92 No detail 

 Demers 2001 Fair Baseline ICC .9; 18/52-Follow-up 

ICC .88; 43/52-Follow-up ICC .91; 

All walks ICC .81 (random effects 

model) and .80 (mixed effects model) 

2 6MWTs each 

session 

 Hamilton 2009 Fair ICC .97 3 6MWTs, non-

consecutive days 

 Hanson 2012 Good* Walk-1-2-3 ICC2,1 .94  3 6MWTs, 1 

week  

 Ingle 2005 Fair ICC .80, 95% CI [.69, .87] 2 6MWTs, 1 year 

 Kervio 2004 Fair* CHFD ICC .99; CHFP ICC .98 2 6MWTs, same 

day 

 Mandic Walker 

2013 

Fair r = .95  2 6MWTs, same 

day 

 Morales 1999 Fair* Walk-2-3 r = .98 3 6MWTs, 2 

weeks 

 Nogueira 2006 Good* ICC .88, 95% CI [.79, .94] 3 6MWTs, same 

day 

 O’Keefe 1998 Fair* ICC .91 2 6MWTs 3-8 

weeks 
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First author (date) 

Method. 
Quality 
Review Results Comments 

 Olper 2011 Good* Baseline ICC .96, 95% CI [.90, .98]; 

Follow-up ICC .96, 95% CI [.91, .98] 

3 6MWTs, same 

day  

 Pinna 2000 Fair ICC .96 2 6MWTs, same 

day Eliminated 

outliers 

 Zugck 2000 Good* ICC .96 3 6MWTs, 

consecutive days 

Measurement Error  

 Bellet 2011 Fair Walk-1-2 95%LOA -.40 to 71 m 2 6MWTs, Same 

day 

 Hanson 2012 Good* Walk-1-2 95%LOA -2 to 106 m; 

Walk-2-3 95%LOA -29 to 95 m 

3 6MWTs, same 

day -1 week 

 Ingle 2005 Fair 95%LOA -162 to 145  

 Kervio 2004 Poor CHFD CV 2.0%; CHFP CV 1.9% 2 6MWTs, same 

day 

 Nogueira 2006 Good Walk-1-2 95%LOA -48 to 84 m; 

Walk-2-3 95%LOA -33 to 49 m 

3 6MWTs, same 

day 

 Olper 2011 Good* Walk-2-3 Pre-rehabilitation SEM 19 

m (SDC 53 m), Walk-2-3 Post-

rehabilitation SEM 14 m (39 m) 

2 6MWTs, 1 year 

 Opasich 1998 Fair Walk-1-2 SEM 15 m, real change 

10% mean walk test performed in a 

single session (with 99% confidence). 

2 6MWTs, Same 

day – 1 day 

 Pinna 200 Fair SEM 16 m 2 6MWTs, Same 

day; Eliminated 

outliers  

 Pulz 2008 Good 7 ± 40 m (i.e., -33 to 47 m) 2 6MWTs, same 

day (30 min rest) 

 Riley 1992 Poor Walk-1-2 CV 9%; Walk-2-3 CV 7% 3 tests, each 1 

week apart 

No SEM/LOA 

Criterion Validity (concurrent)   

   Association of 6MWT distance unless 

otherwise specified. 
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First author (date) 

Method. 
Quality 
Review Results Comments 

 Beatty 2012 Fair METS r = .66 Criterion: 

Treadmill 

 Cahalin 1996 Good* RV̇O2 r = .64 Criterion: 

Bicycle 

 Carvalho 2011 Fair* Walk-2: AV̇O2 r = .70 Criterion: 

Bicycle 

 Casillas 2015 Good HRmax .r = .23  Criterion: 

Treadmill 

 Cheetham 2005 Fair* RV̇O2 r = .81 AV̇O2 r = .70 Criterion: 

Treadmill 

 De Sousa2008 Fair* Est VO2Max r = .71 Criterion: 

Treadmill 

 Delahaye 1997 Good* RV̇O2.r = .61 Watts r = .60 Criterion: 

Bicycle 

 Doutreleau 

2009 

Fair* AV̇O2 r = .46 Wpeak r = .42 VO2@VT 

r = .53; 6MWTD x weight (kg) and 

AV̇O2.r = .74.  

Criterion: 

Bicycle  

 Forman 2012 Excellent RV̇O2.r = .54 VE/VCO2 slope r = -.26 Criterion: 

Bicycle 

 Gayda 2004 Fair* RV̇O2.r = .56 Criterion: 

Bicycle 

 Green 2001 Fair* RV̇O2.r = .67 Criterion: 

Treadmill 

 Guazzi 2009 Fair AV̇O2.r = .68 V̇O2.@AT r = .63 

VE/VCO2 slope r = -.38 

Criterion: 

Bicycle 

 Guyatt 1985 Fair* Results of cycle test r = .42 Criterion: 

Bicycle 

 Hamilton 2000 Fair METs r = .69 Criterion: 

Treadmill 

 Jehn 2009 Good* RV̇O2.r = .77, 6MWT RV̇O2. and 

CPET RV̇O2.r = .72 

Criterion: 

Bicycle 

 Kervio 2004a Good* CHFD RV̇O2.r = .88, VT r = .81, 

CHFP RV̇O2.r = .62 and VT r = .77 

Criterion: 

Treadmill 
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First author (date) 

Method. 
Quality 
Review Results Comments 

 Kristjansdottir 

2004 

Good* Wmax r = .93  Criterion: 

Bicycle 

 Langenfeld 

1990 

Fair 6MWT (Watts) and CPET (Watts) 

r = .74 

Criterion: 

Bicycle 

 Lipkin 1986 Good* Estimated from data r = .69 for whole 

sample (n = 26) 

Criterion: 

Treadmill 

 Lucas 1999 Fair RV̇O2.r = .52, VO2@AT r = .39, VO2 

10-20ml/kg/min: RV̇O2.r = .28 

Criterion: 

Bicycle  

 Maldonado-

Martin 2006 

Good RV̇O2.r = .54, SHF r = .62, DHF 

r = .45, VT r = .23; RV̇O2 = 0.01426 

x 6MWT(m) + 7.222 

Criterion: 

Bicycle 

 Mandic Walker 

2013 

Good RV̇O2.r = .72 Criterion: 

Bicycle 

 Morales 1999 Good* RV̇O2.r = .69 Criterion: 

Bicycle 

 Morales 2000 Good* RV̇O2.r = .69 Criterion: 

Bicycle 

 Opasich 2001 Fair RV̇O2.r = .59, NYHA II r = .46and III 

r = .38. Distance ↓in NYHA III than 

II (p < .001) 

Criterion: 

Bicycle 

 Peeters 1996 Fair Treadmill distance Kendall’s 

Tau = .688 (includes data from 9 

elderly controls) 

Criterion: 

Treadmill  

 Pulz 2008 Good RV̇O2.r = .76 Criterion: 

Treadmill 

 Riley 1992 Good RV̇O2 r = .88 Criterion: 

Treadmill 

 Zugck 2000 Good Walk 1 RV̇O2.r = .68 (♂ r = .69, ♀ 

r = .59),  

Walk 2 RV̇O2.r = .71,  

Walk 3 RV̇O2.r = .74 

Criterion: 

Bicycle 

Criterion Validity (Predictive)  

 Cahalin Good* RVȮ = (0.03 × ISWT(m)) + 3.98  Criterion: 

Bicycle 
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First author (date) 

Method. 
Quality 
Review Results Comments 

 Cheetham Fair* RV̇O = (0.038 × 6MWT(m)) +

0.9906   

Criterion: 

Treadmill 

 Guazzi 2009 Fair AV̇O = 3.3216 × 6MWT(m) −

20.052  

Criterion: 

Bicycle 

 Maldonado-

Martin 2006 

Good RV̇O = (0.01426 × 6MWT(m)) +

7.222  

Criterion: 

Bicycle 

 Mandic Walker 

2013 

Good RV̇O = (0.029 × 6MWT(m)) +

2.109  

RV̇O = (0.015 × 6MWT(m)) +

(0.239 ×

Chair stands in 30 sec ( )) −

0.218 × Body fat (%) + 12.258  

Criterion: 

Bicycle 

 Morales 1999 Good* 6MWT(m) not independent predictor 

of RV̇O2 

Criterion: 

Bicycle 

 Pulz 2008 Good Area under ROC = .89. Cut-off to 

predict RV̇O2 < 14 = 490 m (sens 

83%, spec 83%) 

Criterion: 

Treadmill 

Construct Validity (hypothesis testing)  

 Ades 2003 Poor MOS SF 36: “Walk a mile” r = .62; 

“walk several blocks” r = .54, “walk 1 

block” r = .38 

 

 Allison 2004 Fair Self-efficacy r = .44, PASE r = .30; 

6/52: Self-efficacy r = .84; PASE 

r = .49; 12/52: Self-efficacy r = .84, 

PASE r = .61 

 

 Araya-Ramírez 

2010 

Poor ↑Weight in highest tertile group 

(6MWT > 436 m) compared with 

middle and lower tertile (p = .014); 

↑MOS SF-36 PCS in highest tertile 

group (p < .001); ↑SF-36 MCS in 

highest tertile group (p = .005)  
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First author (date) 

Method. 
Quality 
Review Results Comments 

 Bajraktari 2011 Fair Age r = -.355 BMI r = -.108, waist 

hip ratio r = .107, NYHA class 

p < .002 

 

 Baldesseroni 

2014 

Fair Age r = -.47 ♀ < ♂ (p = .001)  

 Baptista 2012 Poor SF36PF r = .29; SF36P r = .22; 

SF36V r = .27 

 

 Beatty 2012 Fair Lower quartile more likely to be ♀, 

↑age, ↑BMI (p < .05) 

 

 Bittner 1993 Poor Age r = -.34 ♀ < ♂ (p < .001)  

 Bittner 2000 Poor Age older < younger (p = .002); BMI 

ns; Self-reported activity (p = .015); 

MOS SF36 Physical function 

(p < .0001), Role Physical ns 

 

 Chien 2011 Poor HADS-A r = -.31; HADS-D r = -.40  

 Cipriano 2015 Poor LVEF r = .70; NYHA r = .73; 

MLHFQ no correlation 

 

 Corvea-Tindel 

2009 

Fair HFFSI r = .36; Age r = -.22; LVEF 

r = -.34; C-QLI .04; HFSS .13; 

PSS.07; SESS=.14; MAAC-D r = -

.02; MAAC-A r = -.13; MAAC-H 

r = -.09 

 

 Delahaye 1997 Poor Stair climbing time = -.82  

 Demers 2001 Fair Disease specific QOL r = -.26; 

NYHA r = -.43 

 

 Flynn 2009 Fair euroQol VAS r = .11, 95% CI [.07, 

.15]; KCCQ overall score r = .27, 

95% CI [.23, .31]; KCCQ clinical 

summary r = .322, 95% CI [.29, .36]; 

KCCQ PL r = .35, 95% CI [.31, .38]; 

KCCQ TS r = .24, 95% CI [.21, .28]; 

KCCQ SL r = .21, 95% CI [.17, .25]; 

KCCQ SE r = .05, 95% CI [.01, .09]; 
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First author (date) 

Method. 
Quality 
Review Results Comments 

KCCQ QOL r = .17, 95% CI [.13, 

.21] 

 Forman 2012 Poor Age r = -.23; BMI r = -.13; LVEF 

r = .06; BDI II r = -.12 

 

 Gremeaux 2012 Poor 200mFWT time Pre-rehabilitation: 

r = -.57; Post-rehabilitation r = -.93 

 

 Guazzi 2009 Poor LVEF% r = .06  

 Guyatt 1985 Poor NYHA r = -.45; SAS r = -.37  

 Hamilton 2000 Fair Age older < younger; ♂>♀ (p < .01); 

NYHA r = -.60; DASI r = .50; MOS 

SF36 r = .47; MOS SF36PF r = .62; 

MOS SF36RF r = .36; MOS SF36BP 

r = .33; MOS SF36GH r = .21; MOS 

SF36V r = .35; MOS SF36RE r = .23 

 

 Ingle 2006 Poor Independent predictors of ↓ 6MWT 

(m): Age ≥75 years (OR 4.0, 95% CI 

[2.4, 6.4]; BMI <20 (OR 3.4, 95% CI 

[1.6, 7.3]; ♀ (OR=2.0, 95% CI [1.3, 

3.0]; self-perceived depression and 

anxiety; worsening feelings of health 

status 

 

 Juenger 2001 Fair MOS SF36PF r = -.56 MOS SF36RP 

r = .28’ MOS SF36BP r = .26, MOS 

SF36GH r = .34; MOS SF36V 

r = .41; MOS SF36SF r = .29; MOS 

SF36RE r = .24, MOS SF36MH 

r = .29 

 

 Karapolat 2008 Poor MOS SF36PF r = .48, MOS SF36RP 

r = .28; MOS SF36BP r = .35, MOS 

SF36GH r = .17; MOS SF36Vt 

r = .29; MOS SF36SF r = .30; MOS 

SF36RE r = .21, SF36MH r = .07.  

MLHQF PS r = -.33, MLHFQ MS 

r = -.04; MLHFQ TS r = -.31 
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First author (date) 

Method. 
Quality 
Review Results Comments 

 Nogueira 2010 Poor MOS SF36: CF r = .1; FA r = .01; 

Pain r = .1; GHS r = .1; V r = .2; SA 

r = .2; EA r = .4; MH r = .2. MLHFQ 

r = -.5 

2 6MWTs, 1 hr 

rest, results of 

Test-2 used in 

analysis 

 O’keefe 1998 Poor Total CHQ r = -.79; CHQ dyspnoea 

dimension r = -.58 

A-priori 

hypothesis 

 Olper 2011 Fair* TM 6MWT pre-rehabilitation r = .72 

and post-rehabilitation r = .67 

 

 Opasich 2004 Poor Gender r = -.35; ♂>♀ (p < .0001); 

Comorbidity Y<N (p < .0001); LVEF 

in ♂ r = .11; LVEF<50% Y<N 

(p = .016), in ♀ LVEF < 50% 

(p = .85) 

?Insufficient 

females with hF 

 Pulz 2008 Poor 6MWT(m) > ISWT(m) (p < .0001), 

21 ± 39% more in 6MWT. ↑ 

impairment → ↑ difference between 

6MWT and ISWT 

 

 Riley 1992 Poor NYHA II > III (p < .05) II > IV 

(p < .05) no difference III and IV 

(p=_) 

 

 Verrill 2003 Poor F-P QOLI scores for pre-

rehabilitation (.12 ≥ r ≤ .19) and post-

rehabilitation (.20 ≥ r ≤ .24) 

 

 Westlake 2005 Fair Depression r = -.33  

 Zugck 2000 Fair NYHA r =-.58,   

Responsiveness   

 Araya-Ramírez 

2010 

Poor ∆Body weight r = -.125; ∆SF-36 PCS 

r = .224; ∆6MWT distance and initial 

6MWT distance r = -.465; ∆SF-36 

MCS not related; attend ≥25 sessions 

improved 6MWT 4.1% more than 

those attending ≤ 24 sessions 

(p = .012); improvement was greatest 
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First author (date) 

Method. 
Quality 
Review Results Comments 

in lower tertiles vs middle and highest 

(p < .001) 

 Bellet 2011 Poor Test 1 ES to 6/52 .30, & to 6/12 .50; 

Test 2 ES to 6/52 .45, & to 6/12 .53 

 

 Bittner 2000 Poor Walk distance pre- and post- CR 

r = .83; Age (β = -.253), ♂ (β = .213), 

percent change in training METS 

(β = .369), change in self-reported 

physical activity (β = .345) 

 

 Cheetham 2005 Fair* Criterion hypothesis testing: ∆RV̇O2 

r = .08; ∆AV̇O2 r = .14 

 

 Demers 2001 Poor ES Small -.02 to .16  

 Gary 2004 Fair Group differences between control 

group and Intervention group for 

distance walked were significant 

 

 Gremeaux 2009 Poor SRM 1.1 (strong)  

 Gremeaux 2011  Fair* Criterion hypothesis testing: ∆METs 

r = .59 

 

 Grenmeaux 

2012 

Fair SRM 1.11  

 Ingle 2005 Fair ∆Symptom severity r = -.75  

 Kavanaugh 

1996 

Poor ∆6MWT distance positively 

correlated with fatigue, dyspnoea, 

emotional function, mastery 

 

 O’Keefe 1998 Poor Responsiveness coefficient 1.73, ES 

Improvement .85 and deterioration 

2.13 

GRC r = .78, ∆CHQ total r = .70, 

dyspnoea CHQ dimension r = .60, 

fatigue CHF dimension r = .58, 

emotion CHQ dimension r = .47,  

 

 Olper 2011 Fair 2/52 Endurance treadmill training: ES 

.60 
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First author (date) 

Method. 
Quality 
Review Results Comments 

 Verrill 2003 Poor ♂ ES .65; ♀ ES .63. Improvements in 

QOLI Health and Function scores did 

not associate with improvements in 

6MWT performance 

 

 Wright 2001 Poor Significant improvement in 6MWT in 

6/52 cardiac rehabilitation program, 

not significant change in 6MWT 

those not attending 6/52 

 

Note. 6MWT = six minute walk test; ICC = intraclass correlation coefficient; CI = confidence 
intervals; r = Pearson’s product moment correlation coefficient; LOA = limits of agreement; 
SEM = standard error of measurement; CV = coefficient of variation; METs = metabolic 
equivalent; RV̇O2 = relative peak oxygen uptake; AV̇O2 = absolute peak oxygen uptake; HR 
= heart rate; est = estimated; VO2max = maximum oxygen uptake; W = work; VE/VCO2 = 
minute ventilation per carbon dioxide slope; CPET = cardiopulmonary exercise test; CHF-D 
= chronic heart failure with optimised pharmacological management; CHF-P = chronic heart 
failure with pacing; AT = anaerobic threshold; ROC = receiver operating curve; MOS SF 36 
= medical outcomes study 36-item short form; PCS = physical component scale; MCS = 
mental component scale; BMI = body mass index; HADS-A = hospital anxiety depression 
scale calculated for anxiety; HADS-D = hospital anxiety depression scale calculated for 
depression; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association; 
MLHFQ = Minnesota living with heart failure questionnaire; HFFSI = heart failure functional 
status inventory; C-QLI = cardiac quality of life index; HFSS = health functioning subscale; 
PSS = psychological and spiritual subscale; SESS = socioeconomic subscale; MAAC-D = 
multiple affect adjective checklist for depression; MAAC-A = multiple affect adjective 
checklist for Anxiety; MAAC-H = multiple affect adjective checklist for hostility; QOL = 
quality of life; Euro-QOL VAS = European quality of life visual analogue scale; KCCQ = 
Kansas City Cardiomyopathy Questionnaire; PL = Physical Limitation, TS = total score, SL = 
social limitation; SE = self-efficacy; BDIII = Beck depression inventory; DASI = duke 
activity status index; MOS SF 36 scales PF = physical function; RF = role physical; BP = 
bodily pain; GH = general health; V = vitality; RE = role emotional; MLHQF PS = physical 
score; MS = mental score; TS = total score; ♂ = men; ♀ = women; CHQ = chronic heart 
failure questionnaire; F-P QOLI = Ferrans and Power’s quality of life index; ES = effect size; 
SRM = standardise response mean; GRC = global rating of change.  
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Table A10.2 

Results of the Measurement Properties of the 10 m ISWT 

 
First author 

(date) 
quality 
review Results Comments 

Relative Reliability  

 Fowler 2005 Good* ISWT-1-2 ICC .94, 95% CI [.89, 97]; 

ISWT-2-3 ICC .99, 95% CI [.99, .99] 

3 tests, 1 

week 

 Green 2001 Fair* ISWT-1-2 r = .98 2 tests, 1 

week 

 Hanson 

2016 

Good n = 10 ICCagreement ISWT-1-2 .990, 95% CI 

[.961, .998] ISWT-2-3 .997, 95% CI [.990, 

.999]; n = 62 ICCagreement ISWT-1-2 .990, 

95% CI [.928, .997] 

3 tests, same 

day 

 Jolly 2008 Good ISWT-1-2 ICC .94 2 tests, same 

day 

 Lewis 2001 Fair* ISWT-2-3 r = .90 3 tests, same 

day 

 Morales 

1999 

Fair* ISWT-2-3 r = .99 3 tests within 

2 weeks 

Measurement Error 

 Fowler 2005 Good* ISWT-1-2 95% LOA [24, 56]; 

Repeatability Coefficient 122 m 

Test 2-3 95% LOA [-2, 5]; Repeatability 

Coefficient 21 m 

3 tests, 1 

week 

 Hanson 

2016 

Good Pilot study (n = 10) ISWT-1-2 95% LOA [-

6, 36], SEMagreement 23 m; ISWT-2-3 95% 

LOA [-7, 17], SEMagreement 12 m.  

Main study (n = 62) ISWT-1-2 95% LOA 

[12, 22], SEMagreement 17 m (4% of grand 

mean) 

3 tests, same 

day 

 Jolly 2008 Good 95% LOA 23, 36 2 tests, same 

day 

 Pulz 2008  Good Mdiff (SDdiff)  8±45 m no significant 

difference between Walk 1 and 2 

2 tests, 30 

mins rest 

Criterion Validity (concurrent) 
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First author 

(date) 
quality 
review Results Comments 

   Association with 10 m ISWT distance 

unless otherwise specified 

 

 Fowler 2005 Excellent* RV̇O2.r = .79 to .87 Criterion: 

Treadmill 

 Green 2001 Fair* RV̇O2.r = .83 Criterion: 

Treadmill  

 Lewis 2001 Good* RV̇O2.r = .73 Criterion: 

Treadmill 

 Mandic 

Walker 

2013 

Good RV̇O2.r = .72 Criterion: 

Bicycle 

 Morales 

1999 

Good* RV̇O2.r = .83  Criterion: 

Bicycle 

 Morales 

2000 

Good* RV̇O2.r = .83 Criterion: 

Bicycle 

 Pulz 2008 Good RV̇O2.r = .79.  Criterion; 

Treadmill 

Criterion Validity (concurrent) 

 Fowler 2005 Excellent* RVȮ = (0.03 × ISWT(m)) + 7.81  Criterion: 

Treadmill 

 Green 2001 Good* RVȮ = 0.0283 × ISWT(m) + 4.2355  Criterion: 

Treadmill  

 Mandic 

Walker 

2013 

Good RVȮ = (3.021 × ISWT speed (km/

hr)) − 0.007  

RVȮ = (1.564 × ISWT speed (km/

hr)) − 0.219 × body fat (%) +

(0.296 × Chair stands 30 sec  ( )) +

11.399  

Criterion: 

Bicycle 

 Morales 

1999 

Good* RVȮ = (0.023 × ISWT(m)) + 5.9  

Cut off values to predict RV̇O2 < 14 =  

450m (Sens 100%, Spec = 89% 

Criterion: 

Bicycle 

 Pulz 2008 Good ISWT area under ROC = .91, best cut off to 

predict RV̇O2.< 14 was 380 m (Sens 90% 

Spec 87%). 

Criterion; 

Treadmill 
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First author 

(date) 
quality 
review Results Comments 

Construct Validity 

 Mandic 

Hodge 2013 

Poor Self-reported physical activity at follow-up 

r = .52 

 

 Pepera 2013 Poor Predictors of performance: Step length at 

66% maximum walking speed (r2 = .68), 

leg length (r2 = .58), height (r2 = .57). 

ISWT (m) = (10.7 x height(cm)) – 1316 

(SEE = 90 m). Using the equation,  the 

actual distance walk and predicted distance 

(r = .69) 

 

 Pulz 2008 Poor Statistically significant differences in 

distance walked between the 6MWT and 

the ISWT P<.0001. The more impaired the 

patient, the higher the difference in 6MWT 

and ISWT difference. Patients walk on 

average, 21 ± 39% more in 6MWT than 

ISWT.  

 

Responsiveness 

 Fowler 2005 Poor 6/52 Cardiac rehabilitation program: ES: 

.55 (moderate); MDiff 82 m, 95% CI [53, 

110] 

 

 Houchen-

Wolloff 

2015 

Fair 6/52 Cardiac rehabilitation program: ES: 

.38 (small); Mean Diff 65 m, 95% CI [55, 

80]; ∆6MWT: significant difference 

between groups, post hoc analysis better 

and about the same (mean diff 56 m 

p < .001), between slightly better and about 

the same (mean diff 41 m p < .05), non-

significant difference between better and 

slightly better (mean diff 15 m) 

 

Note. ISWT – incremental shuttle walk test; ICC = intraclass correlation coefficient; CI = 
confidence intervals; r = Pearson’s product moment correlation; SEM = standard error of 
measurement; LOA = limits of agreement; Mdiff = mean difference; SDdiff = standard 
deviation of the difference; RV̇O2. Relative oxygen uptake; ROC = receiver operating curve; 
sens = sensitivitiy; spec = specificity; ES = effect size.   
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Table A10.3 

Results of the Measurement Properties of the Alternate Field Exercise Tests 

 
First author 

(date) Field Test 
quality 
review Results Comments 

Relative 

Reliability 

  

 Cervie 2012 TM 

6MWT 

Fair Test-2-3 ICC2,1 .927, 95% CI 

[.869, .960] 

3 TM 

6MWTs, 

same day (30 

min rest) 

 De Greef 

2005. 

Modified 

GFE 

Fair Test-1-2 Including maximum 

score (n = 46): ICC .98, 95% CI 

[.97, .99] 

Test-1-2 Excluding maximum 

score: (n = 29) ICC .92, 95% CI 

[.91, .93] 

2 Modified 

GFE, 1 week 

 Gremeaux 

2012 

200 m 

FWT 

Fair Test-1-2 ICC = .97 2 200 m 

FWT, same 

day (30 min 

rest) 

 Guimarães 

2008 

TM 

6MWT 

Fair* Test-1-2 ICC = .88 2 TM 

6MWTs, 2 

days 

 Olper 2011 TM 

6MWT 

Good* Test-2-3 Pre-cardiac 

rehabilitation ICC3,1 = .97, 95% 

CI [.93, .98], Test-2-3 Post-

cardiac rehabilitation ICC3,1 = 

.94, 95% CI [.87, .98] 

3 TM 6MWT, 

2 days 

Measurement 

Error 

 

 Cervie 2012 TM 

6MWT 

Fair Test-2-3 SEM 27.87 (SDC = 77 

m); MIC 51 - 55 

MIC 54 m; 3 

TM 6MWTs, 

same day (30 

min rest) 

 De Greef 

2005 

Modified 

GFE 

Poor Bland Altman plots 95% LOA 

Walk 1-2 -13 to 13  

2 Modified 

GFE, 1 week 
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First author 

(date) Field Test 
quality 
review Results Comments 

 Guimarães 

2008 

TM 

6MWT 

Fair* Bland Altman plots 95% LOA 

Walk 1-2 -72 to 63 m 

(estimated) 

2 TM 

6MWTs, 2 

days 

 Olper 2011 TM 

6MWT 

Good* Test-2-3 Pre-rehabilitation SEM 

= 23 m (SDC = 64 m),  

Test-2-3 Post-rehabilitation 

SEM = 18 m (SDC = 50 m).  

3 TM 6MWT, 

2 days 

Concurrent Criterion Validity 

 Casillas et al 

2015 

20 m FWT Good Test-1 HRmax r = -.26 Criterion: 

Treadmill 

 De Greef 

2005 

Modified 

GFE 

protocol 

Fair* RV̇O2 r = .77 Criterion: 

Bicycle 

 Delahaye 

1997 

Stair 

climbing 

Good* RV̇O2.r = -.66; Watts r = -.56 Criterion: 

Bicycle 

 Gayda 2003 20 m 

shuttle 

walk test 

Fair* RV̇O2 r = .91; Maximal 

ventilation r = .61; Maximal 

heart rate r = .80; Maximal 

speed r = .89 

Criterion: 

Treadmill 

 Gremeaux 

2012 

200 m 

FWT 

Fair Pre-CR: Wpeak r = -.42; Post-

CR: Wpeak r = -.46 

Criterion: 

Bicycle 

 Houghton 

2002 

100 m 

FWT 

Fair* Treadmill SLET Time r = -.64 Criterion: 

Treadmill 

 Meyer 2003 TM 

6MWT 

Fair V̇O2 expressed as percent 

predicted VO2max r = .58 . 

Criterion: 

Bicycle 

Predictive Criterion Validity 

 Casillas 

2015 

200 m 

FWT 

Good = 128.35 − (0.59 ×

) + (0.31 ×

 200 )  

Criterion: 

Treadmill 

 Chiaranda 

2012 

1km 

treadmill 

walk test 

Fair Beta blocked group (n = 66): 
̇ = (2.79 ×

1    ) −

(0.49 × ) − (0.14 ×

) + 33.42. Testing of 

Criterion: 

Treadmill 
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First author 

(date) Field Test 
quality 
review Results Comments 

equations in different sample, 

r = .71 (SEE 2.3ml/kg/min) 

Not beta blocked group 

(n = 44): ̇ = (4.41 ×

1   ) −

(0.40 × ) − (0.30 ×

) − (0.11 ×

1   ) + 46.11 

RV̇O2 = (2.79 x 1 km TM walk 

speed) – (0.49 x BMI) – (0.14 x 

age) + 33.42. Testing of 

equations in different sample, 

r = .64 (SEE = 3.8 ml/kg/min).  

Construct 

Validity 

 

 Alosco 2012 2 min step 

test 

Fair Age r = -.20; BDI-II r =-.18; 

3MS r = .28; Executive function 

r = .22-.29; Language r = .19 to 

.29 

 

 Delahaye 

1997 

Stair 

climbing 

Good* 6MWD r = -.82  

 Gremeaux 

2012 

200 m 

FWT 

Fair 6MWT: Pre-CR r = -.57 – Post-

CR r = -.93 SF36 Physical 

component summary Pre: r = -

.77 Mental component summary 

r = -.1 Significant difference in 

two groups (achieved <90W or 

achieved >100W in CPET) 

 

 Houghton 

2002 

100 m 

FWT 

Fair* Pedometer r = -.10; QOL r = -

.44 

 

 Olper 2011 TM 

6MWT 

Poor Pre-CR 6MWT (m) r = .72,  

Post-CR 6MWT (m) r = .67. 

 

Responsiveness  
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First author 

(date) Field Test 
quality 
review Results Comments 

 Cervie 2012 TM 

6MWT 

Poor 2/52 endurance treadmill 

training: Non-significant 

difference between distance and 

global rating of change (Mean 

diff: “did not improve” 125 

(49); “a little better” 100 (17); 

“somewhat better” 105 (37); 

“much better” 116 (74).)  

3 tests, used 

the mean 

score of test-2 

and test-3 

 Gremeaux 

2009 

200 m 

FWT 

Poor SRM 1.11 (strong)  

 Gremeaux 

2012 

200 m 

FWT 

Fair SRM 1.11 (strong)  

 Meyer 2003 Tm 

6MWT 

Poor ∆TM 6MWT distance (m) and 

∆O2 uptake at VT (ml/kg/min) 

r = .53 

 

 Olper 2011 TM 

6MWT 

Poor 2/52 endurance treadmill 

training: ES: .9, Mdiff 109 m (91) 

 

Note. TM = treadmill; ICC = intraclass correlation coefficient; GFE = Groningen Fitness for 
the Elderly; FWT = fast walk test; SEM = standard error of measurement; LOA = limits of 
agreement; HR = heart rate; RV̇O2.= relative peak oxygen uptake; W = work; V̇O2 = 
maximum oxygen uptake; BMI = body mass index; SEE = standard error of estimate; BDI-II 
= Beck depression inventory; 3MS = modified mini-mental state examination; CR = cardiac 
rehabilitation; SRM = standardised response mean; O2 = oxygen; VT = ventilatory threshold; 
ES = effect size. 
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