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ABSTRACT
Introduction  Peripheral artery disease (PAD) is an 
atherosclerotic condition characterised by stenosis or 
occlusion of the arteries in the lower limbs. Patients with 
PAD commonly report intermittent claudication (leg pain/
discomfort) during physical activities, which significantly 
limits the ability to walk and perform activities of daily 
living. Supervised exercise training is an effective therapy 
that can improve walking capacity in people with PAD. 
Emerging evidence also suggests that supervised exercise 
therapy following lower limb revascularisation can 
further enhance walking capacity when compared with 
revascularisation alone. However, access to dedicated 
exercise programmes for patients with PAD is limited in 
most countries, and there is a need to test the efficacy of 
alternative rehabilitation strategies and referral pathways. 
This randomised-controlled study aims to assess the 
efficacy of a cardiovascular rehabilitation (CR) programme 
versus usual care on walking capacity and quality of life in 
patients who have undergone lower limb revascularisation 
for PAD.
Methods and analysis  This will be a single-centre, 
prospective, parallel group, randomised-controlled trial. 
Sixty-six participants who have undergone a lower limb 
revascularisation procedure for PAD, in the previous 12 
months, will be randomly allocated to a CR programme 
or a usual care (control) group. The CR programme will 
include two supervised exercise sessions per week for 
6 weeks primarily consisting of intermittent treadmill 
walking at a moderate exercise intensity and home-
based walking advice. During the 6-week programme, 
participants will also attend one education seminar (5.5 
hours) which will cover topics such as diet, medications, 

exercise training and lifestyle modifications for the 
management of cardiovascular diseases. The control 
group will receive usual care and medical advice from 
their local doctor and vascular surgeon. The primary 
outcome will be 6-min walk distance. Secondary outcomes 
include pain-free walking distance during the six-minute 
walk test, maximal and pain-free walking time during a 
graded treadmill walking test, cardiorespiratory fitness, 
self-reported walking capacity, disease-specific quality 
of life, and self-reported and objectively measured 
physical activity levels. Exploratory outcomes include 
brachial artery flow-mediated dilation, arterial stiffness, 
ankle-brachial blood pressure index and biomarkers of 
cardiovascular disease risk. Outcomes will be assessed at 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The primary outcome of this study, 6-min walk dis-
tance, is an important clinical endpoint which cor-
relates with mortality and morbidity rates in people 
with peripheral artery disease.

	⇒ This study includes a large number of outcome 
measures aiming to assess the efficacy of cardio-
vascular rehabilitation (CR) on walking capacity, 
cardiorespiratory fitness, disease-specific quality 
of life, accelerometer-derived physical activity and 
cardiovascular function.

	⇒ The same investigators who will deliver the CR pro-
gramme will also be involved in the collection of out-
come data; however, to reduce the risk of bias, all 
data analysis will be undertaken in blinded fashion 
using coded data.
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baseline (week 1), following the CR/usual care period (week 8) and again 
at 6-month follow-up (week 34).
Ethics and dissemination  This study has received ethics approval from 
the Human Research Ethics Committees of Queensland Health Metro 
North Hospital and Health Service (94155) and the University of the 
Sunshine Coast (S231914). Findings from this study will be disseminated 
in peer-reviewed journals and through national and international 
conference presentations.
Trial registration number  ACTRN12623000190606.

INTRODUCTION
Peripheral artery disease (PAD) is an atherosclerotic 
condition characterised by stenosis or occlusion of 
the arteries of the lower limbs. Worldwide, PAD affects 
over 230 million adults, and its prevalence is expected 
to further increase over the coming years due to the 
ageing of the population.1 People with PAD are limited 
by intermittent claudication (leg pain/discomfort) which 
significantly impairs walking capacity, physical activity 
levels and quality of life.2–4 Reduced walking capacity 
and physical inactivity further contribute to the elevated 
risk of secondary cardiovascular events (stroke, myocar-
dial infarction, cardiovascular death) and associated 
hospitalisation.5–8

The initial treatment for PAD includes medical manage-
ment of symptoms and cardiovascular disease (CVD) risk 
factors with pharmacotherapies and lifestyle modifica-
tion.9 In patients with advanced PAD, including limiting 
claudication or chronic limb-threatening ischemia, 
lower limb revascularisation procedures are indicated to 
restore blood flow and ‘save’ the affected limb.9 Lower 
limb revascularisation procedures are associated with 
improvements in limb blood flow,10 walking capacity11 
and quality of life.12 13 However, despite improvements 
in limb blood flow, the improvements in walking capacity 
are generally only modest after lower limb revascularisa-
tion (~60% improvement) when compared with exercise 
therapy (~110%).14 Furthermore, the benefits of revascu-
larisation for walking capacity and quality of life are short-
lived, with prospective studies reporting deteriorations in 
walking capacity as early as 12 months after revascularisa-
tion.15–17 Reintervention rates are also high in people with 
PAD with a meta-analysis of 52 studies (n=6769 patients) 
reporting a reintervention rate of 18.2% (95%CI 14.5 to 
22.6) at 12 months following endovascular revascularisa-
tion.18 This highlights an important limitation of lower 
limb revascularisation procedures for the long-term dura-
bility and improvement of walking capacity in patients 
with PAD.

Supervised exercise is an effective therapy that is widely 
recommended in several international guidelines for the 
management of patients with PAD.9 19–22 A large body of 
evidence suggests that supervised exercise programmes, 
incorporating aerobic and resistance exercises of the 
lower limbs, improve walking capacity,23–25 physical 
activity levels26 27 and quality of life28 29 in patients with 
PAD. A commonly used assessment of walking capacity for 
patients with PAD is the six-minute walk test (6MWT); and 

evidence shows gains in 6-min walk distance can range 
between 45 and 80 metres following supervised exer-
cise programmes.26 30–34 Beyond the recommendation 
that supervised exercise should be included as part of 
the initial treatment of PAD, there is emerging evidence 
that outcomes following lower limb revascularisation 
can also be enhanced when combined with exercise 
therapy.35–37 This aligns with a recent systematic review 
that reported significant improvements in maximum 
walking distance (mean difference range: 82–321 m) 
and pain-free walking distance (mean difference range: 
38–408 m) favouring a combined therapy approach over 
supervised exercise training or revascularisation alone.38 
Post-revascularisation exercise therapy has also been asso-
ciated with reduction in the need for reintervention when 
compared with revascularisation39 or supervised exercise 
therapy alone (OR 0.19, 95% CI 0.09 to 0.40, p<0.0001).40

Despite this strong evidence supporting the benefits 
of supervised exercise therapy, access to dedicated exer-
cise programmes is very limited for patients with PAD. 
Previous studies report that as few as 43–48% of vascular 
units in the USA and the UK have access to dedicated 
supervised exercise programmes for the referral of 
patients with PAD.41 42 Similarly, a survey of 378 vascular 
surgeons across 43 European countries reported that only 
30% (n=115/378) of surgeons have access to supervised 
exercise programmes for the referral of patients with 
PAD.43 This highlights a need for alternative rehabilita-
tion strategies and referral pathways to increase the access 
to supervised exercise therapy for patients with PAD.

Cardiovascular rehabilitation (CR) is a well-established 
multidisciplinary approach for the care and rehabil-
itation of patients with heart disease, particularly those 
recovering from myocardial infarction or cardiac 
surgery.44 CR programmes typically consist of supervised 
exercise training, dietary and lifestyle advice, psycholog-
ical support and education on the management of CVD 
risk factors. Studies report that CR programmes are 
cost-effective for improving functional capacity, physical 
activity levels and quality of life and reducing the risk of 
secondary cardiovascular events in patients with cardiac 
diseases.45–48 While CR programmes are widely accessible 
in most countries, patients with PAD are historically seen 
as out of scope and are not usually referred for CR.44 49 To 
date, very few studies have investigated the effectiveness 
of routine CR for patients with PAD.50–55 Most of these 
studies have been limited to the investigation of patients 
with coronary artery disease referred for CR who also had 
PAD as a comorbidity.51–54 In Canada, of 23 215 patient 
referrals with coronary artery disease, 5.9% (n=1366 
patients) were identified as having a comorbidity of 
PAD.51 The identified patients with PAD had significantly 
impaired cardiorespiratory fitness and a lower 10-year 
survival rate when compared with patients without PAD. 
Importantly, this study demonstrated that completion of 
CR led to significant reductions in mortality rate (adjusted 
HR 0.62, 95% CI 0.57 to 0.67) in patients with PAD, when 
compared with patients who did not attend CR.51
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Recently, a small (n=20 participants), non-randomised 
pilot study of CR in patients who had undergone lower 
limb revascularisation for PAD reported that CR was 
safe and feasible and led to greater improvements in 
the 6-min walk distance (mean difference, 53 m; p=0.04) 
when compared with usual care.56 These findings high-
light the potential for CR to be used as a standard referral 
pathway for patients with PAD who are recovering from 
a lower limb revascularisation procedure. To test this, we 
will conduct a randomised-controlled trial to assess the 
efficacy of a 6-week community-based CR programme 
versus usual care on walking capacity and quality of life 
in patients who have recently (< 12 months) undergone 
lower limb revascularisation for PAD.

Primary aim
To assess the efficacy of a 6-week community-based CR 
exercise programme versus usual care on 6-min walk 
distance in patients who have recently (< 12 months) 
undergone lower limb revascularisation for PAD.

Secondary aims
To assess the efficacy of a 6-week community-based CR 
exercise programme on: (1) pain-free walking distance 
during the 6MWT, (2) maximal walking time and pain-
free walking time during a graded treadmill walking test, 
(3) cardiorespiratory fitness measured as peak oxygen 
uptake (VO2peak) during a graded treadmill walking 

test, (4) disease-specific quality of life and self-reported 
functional capacity and (5) self-reported and objectively 
measured physical activity levels.

Exploratory aims
To assess the efficacy of a 6-week community-based CR 
exercise programme on: (1) brachial artery flow-mediated 
dilation, (2) arterial stiffness (augmentation index (AIx), 
carotid-femoral artery pulse wave velocity (PWV)), (3) 
ankle-brachial blood pressure index and (4) circulating 
biomarkers of CVD risk.

METHODS AND ANALYSIS
Study design and overview
An overview of the study is shown in figure 1. This is a single-
centre, prospective, parallel-group, randomised-controlled 
trial conducted at the University of the Sunshine Coast 
and the Sunshine Coast University Hospital (Australia). 
Patients with PAD who have recently (< 12 months) under-
gone a lower limb revascularisation procedure will be 
identified and randomly allocated to either usual care or 
usual care plus a 6-week community-based CR programme 
(n=33 per group; refer to power and sample size estimate). 
Participants allocated to the usual care group will receive 
usual care and medical advice from their local doctor and 
vascular surgeon. The community-based CR programme 

Figure 1  Overview of the Saving Legs and Lives study. 6MWT, six-minute walk test; AIx, augmentation index; CR, 
cardiovascular rehabilitation; ICQ, intermittent claudication questionnaire; PWV, pulse wave velocity; VO2peak, peak oxygen 
uptake; WIQ, walking impairment questionnaire.
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will comprise two supervised exercise sessions per week 
for 6 weeks, home-based exercise advice and an education 
seminar (5.5 hours). The CR programme will be deliv-
ered by the Cardiovascular Rehabilitation Service of the 
Sunshine Coast University Hospital. Primary, secondary 
and exploratory outcomes will be assessed at baseline 
(week 1), after the completion of the CR programme/
usual care period (week 8) and again 6 months after the 
completion of the CR programme/usual care period 
(week 34). Maximal exercise assessments such as graded 
treadmill walking tests will be conducted at the Clinical 
Investigations Unit at the Sunshine Coast University 
Hospital to facilitate access to medical supervision. Other 
outcome measures will be conducted at the VasoActive 
Laboratory at the University of the Sunshine Coast. As per 
SPIRIT, a schedule of participant enrolment, interven-
tion and assessments is presented in table 1.57 The study 
commenced in April 2024, and data collection is planned 
to be completed in January 2026.

Participants and eligibility criteria
Potential participants will be identified from the 
Sunshine Coast region through: (1) an existing database 

of participants who have previously provided consent to 
be contacted, (2) collaborating vascular surgery clinics 
including the Sunshine Coast University Hospital, and 
(3) community sources and advertising.

Participants will be eligible to participate in the study 
if they:
1.	 Are 18 years of age or older and have a formal diagno-

sis of PAD made by a vascular surgeon.
2.	 Have undergone a lower limb revascularisation pro-

cedure (endovascular procedure, open surgical 
procedure or hybrid procedure) in the previous 12 
months.

3.	 Have clearance to participate from their treating vas-
cular surgeon, including verification that they have 
adequately recovered from any lower limb revasculari-
sation procedure.

4.	 Can understand and communicate in English suffi-
cient to provide informed consent.

Participants will be excluded from participation if they 
meet any of the following criteria:
1.	 Unable to walk independently (eg, depend on assis-

tance from a walking aid).

Table 1  Schedule of participant enrolment, intervention and assessment

Milestones Activity Screen Baseline (preintervention) Postintervention Follow-up

Week 0 1 8 34

Visit (timepoint) 1 2 3 4 5 6

Recruitment Patient identification X

Prescreen checklist for eligibility X

Enrolment and 
screening

Consent X

Confirm eligibility X

Demographics and health history X

Familiarisation with 6MWT X

Randomisation Stratification and randomisation X

Intervention Usual care plus community-based CR 
programme (weeks 2 to 7)

‍ ‍

Control Usual care (weeks 2 to 7) ‍ ‍

Primary outcome 6MWT X X X

Secondary 
outcomes

Treadmill walking test and cardiorespiratory 
fitness test with ECG*

X X

Quality of life (WIQ, ICQ) X X X

Physical activity levels (7 day accelerometer, 
physical activity survey)

X X X

Exploratory 
outcomes

Ankle-to-brachial systolic blood pressure 
index

X X X

Brachial artery flow-mediated dilation 
assessment

X X X

Arterial stiffness assessments (AIx, carotid-
femoral artery PWV)

X X X

Markers of CVD (total cholesterol, LDL, HDL 
triglycerides, HbA1c)

X X

All participants will continue to receive usual care and medical advice from their general practitioner (local doctor) and vascular surgeon, and they will be randomly allocation to a 
community-based cardiovascular rehabilitation programme (intervention) or a usual care group (control) for 6 weeks. Prior to randomisation, participants will be stratified to account for 
type of procedure (eg, open surgical vs endovascular procedure) and time since procedure (< 12 weeks vs >12 weeks). Outcome measures will be assessed at baseline (week 1), at 
the end of the intervention/usual care period (week 8) and again at 6-month follow-up (week 34).
*As the treadmill walking test and the cardiorespiratory fitness test are secondary outcomes, participants will be given the option to opt out of performing those assessments. For the 
postintervention assessments at weeks 8 and 34, the assessment window may be extended by up to 7 days to accommodate unforeseen circumstances (eg, participant illness).
AIx, augmentation index; CR, cardiovascular rehabilitation; CVD, cardiovascular disease; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein; ICQ, intermittent claudication 
questionnaire; LDL, low-density lipoprotein; 6MWT, six-minute walk test; PWV, pulse wave velocity; WIQ, Walking Impairment Questionnaire.



5Feka K, et al. BMJ Open 2024;14:e089203. doi:10.1136/bmjopen-2024-089203

Open access

2.	 Previous lower limb amputation or current tissue ne-
crosis (ulceration or gangrene) that limits the ability 
to undertake walking tests.

3.	 Deemed not eligible to participate in CR by the CR 
clinical staff as per standard contraindications for ex-
ercise.58 These contraindications include unstable an-
gina, acute heart failure, recent cerebrovascular event, 
uncontrolled resting hypertension, symptomatic hy-
potension, uncontrolled diabetes, uncontrolled sinus 
tachycardia and uncontrolled/complex arrythmias.

4.	 Currently participating in a supervised exercise reha-
bilitation programme.

5.	 Terminal illness or other medical condition or planned 
treatment that may affect the ability to participate in or 
complete the trial.

Intervention
Eligible participants will be randomised in equal propor-
tions (1:1) to one of the study groups.
1.	 Usual care (control group).
2.	 Usual care plus a 6-week community-based CR pro-

gramme (intervention group).

Usual care
All participants will continue to receive usual care and 
medical advice from their local doctor and vascular 
surgeon throughout the study. Usual care for PAD may 
include management of CVD risk factors with lifestyle 
modifications (eg, smoking cessation, dietary modifica-
tions) and pharmacotherapies.9 While usual care for PAD 
will not be altered by this protocol, on consent to the study, 
each participant’s local doctor and vascular surgeon will 
be contacted and requested to provide their best possible 
medical care throughout the study. Furthermore, in order 
to assess the efficacy of the CR programme, each partici-
pant’s local doctor and vascular surgeon will be requested 
to refrain from giving specific advice regarding exercise 
until the completion of the study.

Usual care plus community-based CR programme
In addition to usual care, participants who are randomised 
to the community-based CR programme will be referred 
to the CR programme of the Sunshine Coast Hospital 
and Health Service. The CR programme will be deliv-
ered at a community fitness facility. The CR programme 
will be structured in accordance with current exercise 
recommendations for people with PAD.9 19–22 The CR 
programme will include twelve 60-min sessions of super-
vised exercises, delivered two times per week over a period 
of 6 weeks and one education seminar (5.5 hours with 
breaks). While the recommended duration of supervised 
exercise training for patients with PAD is 12 weeks,19 20 
improvements in walking capacity are reported after 3–6 
weeks.59–61 Furthermore, the recommended duration for 
CR ranges between 6 and 12 weeks.62 To ensure outcomes 
are applicable to a wide range of CR programmes, the 
minimum duration for CR was selected (ie, 6 weeks). 
During the 6-week CR programme, participants will 

also be provided with exercise guidelines and advice to 
complete at least three home-based walking sessions per 
week. Following the completion of the CR programme, 
participants will be provided with individualised exer-
cise and physical activity advice with the goal to meet the 
recommended 150–300 min of moderate intensity phys-
ical activity levels per week.58

The programme exercise sessions will be supervised 
by CR staff (nurses, exercise physiologist) and research 
personnel. The research personnel will be responsible 
for the prescription and progression of the exercises. As 
outlined in online supplemental table 1, the supervised 
exercise sessions will primarily consist of bouts of inter-
mittent treadmill walking that are interspersed by periods 
of upper body activity and lower limb resistance exer-
cises. Each supervised exercise session will last for 60 min, 
including a warm-up and a cool-down (10 min each). The 
total duration of treadmill walking for each session will 
be 10 min (eg, 5×2 min bouts) at the beginning of the 
programme (ie, week 1) and will progress to 30 min (eg, 
15×2 min bouts) by the end of the programme (ie, week 
6). The total duration of upper body and lower limb resis-
tance training for each session will begin at 30 min (eg, 
15×2 min bouts) at the beginning of the programme and 
will decrease to 10 min (eg, 5×2 min bouts) by the end of 
the programme. Exercise intensity and severity of clau-
dication pain will be monitored with the modified rate 
of perceived exertion Borg scale and the intermittent 
claudication pain scale, respectively.63 64 Participants will 
be instructed to exercise at moderate to near-maximal 
claudication pain thresholds (ie, 3/4 on claudication 
scale) or, if asymptomatic, exercise at a moderate exercise 
intensity (ie, 3/10 on Borg scale).19 65 The initial exer-
cise intensity will be individually prescribed based on the 
exercise workload achieved during the baseline exercise 
tests (eg, workload achieved at stage prior to treadmill 
test cessation).

The home-based walking sessions will also align with 
the current PAD exercise recommendations.9 19–22 
Participants will be provided with individualised weekly 
walking goals which will be set and reviewed by the study 
team. During the home-based walking sessions, partici-
pants will be instructed to complete intermittent bouts 
of walking separated by periods of rest. Participants 
will be instructed to complete their walking sessions 
outdoors (eg, local neighbourhood and parks). Similar 
to the supervised exercise sessions, the total duration of 
walking for each home-based session will begin at 10 min 
(eg, 5×2 min bouts) at the beginning of the programme 
(ie, week 1) and will progress to 30 min (eg, 15×2 min 
bouts) by the end of the programme (ie, week 6). The 
total period of rest for each home-based walking session 
will be 20 min at the beginning of the programme (eg, 
10×2 min bouts) and will decrease until participants are 
able to walk continuously for 30 min. Exercise intensity 
and severity of claudication pain will be self-monitored 
using the modified rate of perceived exertion Borg 
scale and the intermittent claudication pain scale.63 64 

https://dx.doi.org/10.1136/bmjopen-2024-089203
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Participants will be instructed to walk at moderate to 
near-maximal claudication pain thresholds (ie, 3/4 
on claudication scale) or, if asymptomatic, walk at a 
moderate exercise intensity (ie, 3/10 on Borg scale).19 65 
Participants will be provided with a diary to record their 
home-based walking sessions.

Participants in the CR programme will attend one 
education seminar (5.5 hours with breaks) during the 
6-week CR programme. The education seminar will 
be delivered by health specialists (eg, nurse, dietitian, 
psychologist, exercise physiologist) and will cover topics 
such as diet, medications, exercise training, physical 
activity and lifestyle modifications for the management 
and prevention of CVDs. The seminar information will 
be based on the current Australian guidelines for the 
management of acute coronary syndromes.66–68

Adherence
Strategies are incorporated into the protocol to promote 
and monitor adherence to the study intervention. The 
importance of attending the weekly supervised exercise 
sessions and accumulating the recommended weekly 
amount of exercise and physical activity levels will be 
explained to the participants in the participant informa-
tion and consent form (PICF) and on starting the CR 
programme. Participants will also be provided with indi-
vidualised weekly goals for the supervised and the home-
based exercise sessions which will be set and reviewed by 
the study team. Adherence to the supervised and home-
based exercise sessions will be assessed by recording the 
number of exercise sessions that participants complete 
each week against the goal/target for that specific week. 
Participants will keep a daily diary to record their home-
based exercise sessions that they complete during the 
6-week CR programme. Attendance to the education 
seminar will be assessed using an attendance checklist. 
The assessment of protocol adherence for the purpose 
of statistical analysis is described in the statistical analysis 
section.

Screening and enrolment (visit 1)
Prior to screening assessments, participants will be 
required to provide their informed consent to participate 
in the study which will occur at the commencement of the 
initial study visit (visit 1). A trained study staff member 
authorised by the principal investigator will take the 
participant through the information sheet and obtain 
informed consent. All participants will be fully informed 
of the potential risks and benefits of the study. Partici-
pants will be screened for comorbidities and cardiovas-
cular risk factors prior to inclusion in the study. During 
this visit, prescribed medications will be captured, and 
anthropometric measurements (eg, height, weight) and 
resting blood pressure will be conducted. Participants 
will also be familiarised with the 6MWT to minimise test 
variability.

Randomisation and blinding
Following baseline outcome measures (ie, visit 3), partic-
ipants will be randomly allocated to either the usual 
care group (n=33) or the usual care plus community-
based CR exercise group (n=33). To ensure allocation 
concealment, randomisation will be generated using a 
secure, independent web-based randomisation system (​
SealedEnvelope.​com). Prior to randomisation, partici-
pants will be stratified to account for type of procedure 
(eg, open surgical vs endovascular procedure) and time 
since procedure (< 12 weeks vs >12 weeks). This will allow 
stratification of participants who have recently undergone 
a revascularisation procedure (< 12 weeks) from those 
who have undergone a revascularisation procedure more 
than 12 weeks ago and have fully resumed normal activ-
ities of daily living, recreation and work activities. Block 
randomisation, using random block sizes of two to four 
participants, will be used to ensure that group allocation 
at any point in time remains similar. Enrolment, alloca-
tion, follow-up and final analysis will be conducted and 
reported in accordance with the CONSORT statement 
for randomised clinical trials.69

The same investigators who will deliver the CR 
programme will also be involved in the collection of 
outcome data. Therefore, participants and data collectors 
will not be blinded to group allocation. While it is not 
feasible to blind participants and investigators to group 
allocation in an exercise intervention study, all data anal-
ysis will be undertaken in blinded fashion using coded 
data.

Outcome measures and procedures
As outlined in table 1, primary, secondary and explor-
atory outcomes will be assessed at baseline (week 1), 
after the completion of the 6-week CR programme/
usual care period (week 8) and again 6 months after the 
completion of the CR programme/usual care period 
(week 34). During weeks 1 and 8, participants will 
carry out the assessments over two visits to ensure that 
participants are sufficiently recovered between walking 
tests. As the treadmill test is a secondary outcome 
measure, participants will be given the option to opt 
out of performing this test. The treadmill test requires 
participants to walk until maximal exertion. Although 
this is an important outcome measure, only 34 partici-
pants are required to establish an effect (refer to power 
and sample size estimate). Therefore, participants who 
are unwilling to exert themselves to maximal effort, or 
those who are unable to maintain the walking speed 
of the treadmill, will be given the option to opt out of 
this test. At 6-month follow-up (week 34), participants 
will make a single visit for the assessment of the 6-min 
walking test, quality of life, self-reported functional 
capacity, physical activity levels, vascular function and 
biomarkers of CVD risk. The 6-month follow-up visit 
aims to provide an indication of longer-term durability 
of the effect of CR following revascularisation. For the 
post-intervention and follow-up assessments at weeks 



7Feka K, et al. BMJ Open 2024;14:e089203. doi:10.1136/bmjopen-2024-089203

Open access

8 and 34, the assessment window may be extended by 
up to 7 days to accommodate unforeseen circumstances 
(eg, participant illness).

Primary outcome
Six-minute walk test (6MWT)
The 6MWT will be conducted at weeks 1, 8 and 34. Change 
in 6-min walk distance between baseline and week 8 is 
the primary outcome for the study. Change in the pain-
free walking distance during the 6MWT is a secondary 
outcome measure.

As per standard procedures, a course of 30 metres 
length is marked out in a covered area at least 2 metres 
in width, with a cone at each end.70 Chairs are also placed 
every 10 metres along the course so that participants can 
sit and rest during the test if needed. Participants will 
be asked to walk up and down the course for 6 min and 
to complete as many laps and cover as much distance as 
possible in that time. Participants will be asked to indi-
cate to the test supervisor when the onset of claudication 
occurs and then to rate the severity of their claudica-
tion/discomfort using a hand signal at the completion 
of each lap (ie, every 60 metres) using the claudication 
rating scale.64 During the test, heart rate will be continu-
ally monitored with a heart rate monitor and recorded at 
the end of each lap. During the test, participants can stop 
walking and rest if their claudication pain becomes intol-
erable; however, the timing continues and participants 
are requested to resume walking as soon as possible. At 
the end of the test, the number and timing of any rest 
breaks, the time and distance to the onset of claudication 
(pain-free walking distance) and the total distance walked 
(6-min walk distance) are recorded. At the end of the 
test, participants will be asked to provide a rating of their 
general exertion using the modified rate of perceived 
exertion Borg Scale.63

Walking capacity measured during the 6MWT has been 
chosen as the primary outcome as it has excellent test-
retest reliability (interclass correlation coefficient=0.970, 
95% CI 0.950 to 0.981, n=173),71 and it correlates strongly 
with a range of relevant clinical outcomes including phys-
ical activity,72 patient-reported outcomes, as well as cardio-
vascular morbidity and mortality associated with PAD.7 
Based on this strong reliability, a reported advantage of 
the 6MWT for clinical trials is that there is no learning 
effect.73 Nonetheless, participants will be familiarised with 
the 6MWT prior to the baseline assessment in the current 
study. This approach is consistent with recommended 
practice and reporting of performance outcomes for clin-
ical trials in patients with PAD.74 The minimal clinically 
important difference (MCID) for the 6-min walk distance 
has been established for people with and without PAD. 
Based on the change in the 6-min walk distance with exer-
cise therapy and the corresponding change in reported 
physical function, the MCID thresholds are 12 metres 
(small effect), 32 metres (moderate effect) and 34 metres 
(large effect).75

Secondary outcome measures
Graded treadmill walking test
The graded treadmill walking test including measures of 
maximum walking time and pain-free walking time will 
be performed at weeks 1 and 8. The Gardner-Skinner 
protocol will be used, which was specifically developed 
for the assessment of walking capacity in patients with 
PAD.76 77 The treadmill will start at 3.2 km/h at a 0% 
incline, and then every 2 min, the gradient of the tread-
mill will increase by 2%. Adjustments will be made to the 
treadmill protocol using standardised procedures for 
participants who are unable to maintain the 3.2 km/h 
treadmill speed. The treadmill test will be conducted and 
supervised by an exercise physiologist, a cardiac techni-
cian and a medical doctor. During the test, participants will 
be monitored with a continuous 12-lead ECG, and heart 
rate and blood pressure will be measured and recorded at 
the end of each stage (ie, every 2 min). At the end of the 
test, participants will be asked to rate the severity of their 
claudication pain in each leg using the claudication scale 
and to provide a rating of their general exertion using 
the modified rate of perceived exertion Borg scale.63 The 
MCID values for small, moderate and large changes in 
maximum treadmill walking time after supervised exer-
cise training are 121, 141 and 241 (seconds), respectively, 
in patients with PAD.75

Cardiorespiratory fitness
Cardiorespiratory fitness (VO2peak) will be assessed 
during the graded treadmill walking test at weeks 1 and 
8. Cardiorespiratory fitness is a strong predictor of CVD 
and all-cause mortality rates in patients with PAD.78 79 
Oxygen uptake (‍̇V ‍O2) will be continuously measured with 
a portable ‍̇V ‍O2 system (K5, COSMED, Italy) and a breath-
by-breath gas exchange and ventilation face mask. VO2peak 
will be determined as the highest 15-s average during the 
final 60 s of peak exercise.

Quality of life
Disease-specific quality of life will be assessed using the 
intermittent claudication questionnaire (ICQ) at weeks 1, 
8 and 34. The ICQ is a self-administered tool consisting of 
16 items that focus on limitations imposed by claudication 
while performing various tasks, such as walking specific 
distances or performing activities of daily living.80 The 
instrument is scored by summing the patient responses to 
individual items, which are all equally weighted and trans-
formed to a 0 to 100 composite score, where 0 is the best 
score. The composite score will be calculated and used as 
the outcome for analysis.

Self-reported walking capacity
Self-reported walking capacity will be assessed using 
the walking impairment questionnaire (WIQ) at weeks 
1, 8 and 34. The WIQ is a PAD-specific measure of self-
reported difficulty during walking with three domains: 
walking distance, walking speed and stair climbing.81 
Each domain is scored on a scale from 0 to 100 (100 
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indicating the best possible score). A small, moderate and 
large MCID for each of the three WIQ domain scores are: 
6, 14 and 23 for walking distance; 4, 11 and 18 for walking 
speed; and 6, 15 and 23 for stair climbing, respectively.75

Physical activity levels
Objectively assessed physical activity. Free living physical 
activity levels will be objectively assessed using a GT9XAc-
tiGraph accelerometer (ActiGraph, Pensacola, FL, USA) 
at weeks 1, 8 and 34. Participants will be instructed to wear 
the device on their non-dominant wrist for 7 full days 
at each assessment point.82 At the end of the recording 
period, the accelerometer is removed by the participant 
and returned to the research team (in person or by reply-
paid delivery) for data upload, quality assurance and anal-
ysis. The ActiGraph accelerometer will be initialised to 
collect raw data at 100 Hz.83 The in-built inclinometer will 
also enable the assessment of body position (ie, sitting/
lying vs standing). At each assessment period, a minimum 
wear-time criteria of 4 days and 600 min per day will be 
applied.84 The ActiLife software (V.6.13.5; AcriGraph 
LLC) will be used to process the raw data to create 60-s 
epochs.83 The data will be processed using the Choi algo-
rithm within the ActiLife software to define wear and non-
wear minutes.85 The primary outcome measure of physical 
activity will be steps per day. Other outcome measures 
will include sedentary time and time spent (min/day) 
engaging in light, moderate and vigorous physical activity. 
During the 7-day monitoring period, participants will also 
keep a brief daily physical activity diary to record periods 
of sleep, work, non-wear time and structured exercise 
that are essential for analysis and cannot be inferred from 
the monitor data alone. The ActiGraph accelerometer 
has been reported to be reliable and valid in the assess-
ment of walking, body posture, and sedentary behaviour 
during free-living activity86–88 and when used in patients 
with PAD.89–91 The MCID values for small, moderate and 
large changes in total daily steps after supervised exercise 
training are 569, 1423 and 2277 (steps/day), respectively, 
in patients with PAD.92

Self-reported physical activity. Self-reported physical 
activity levels will be assessed using the International Phys-
ical Activity Questionnaire for elderly (IPAQ-E) at weeks 
1, 8 and 34. The IPAQ-E is a self-reported questionnaire 
which has been validated for use for individuals over 
the age of 65.93 The IPAQ-E consists of questions about 
frequency (days per week) and time (minutes per day) 
spent sitting, walking and performing physical activities of 
moderate and vigorous intensity. All self-reported activity 
domains (sitting, walking, moderate and vigorous phys-
ical activities) have been reported to positively correlate 
with corresponding variables objectively assessed by 
accelerometers.93

Exploratory outcomes
Ankle to brachial blood pressure index
The ankle-brachial index (ABI) of both legs will be 
measured at weeks 1, 8 and 34. After resting in a supine 

position for 10 min, brachial and ankle blood pres-
sures will be measured. Brachial blood pressures will be 
measured in both arms using an automated blood pres-
sure monitor.94 Systolic blood pressure of the dorsalis 
pedis artery and posterior tibial artery at the left and right 
ankles will also be measured using a manual cuff sphyg-
momanometer and handheld 5–7 MHz Doppler ultra-
sound probe. The average of the closest two recordings at 
each artery will be recorded. The ABI for each leg will be 
calculated by dividing the higher dorsalis pedis artery or 
posterior tibial artery value by the highest brachial artery 
value obtained from either side.59

Brachial artery flow-mediated dilation
Brachial artery flow-mediated dilation (FMD) will be 
measured in response to a reactive hyperaemia test (cuff 
occlusion) at weeks 1, 8 and 34. Brachial artery FMD 
is an independent predictor of cardiovascular events 
in patients with PAD.95 As per standard procedures,96 
brachial artery FMD will be measured with participants 
in the supine position after 10 min of rest. This measure-
ment will involve a rapid inflation of a pressure cuff posi-
tioned at the forearm. A 10-MHz multifrequency linear 
array probe, attached to a high-resolution ultrasound 
machine (Terason, Burlington, USA), will be used to 
image the brachial artery (2 cm proximal to the elbow). 
The ultrasound settings will be optimised for each indi-
vidual and will be kept constant between all assessments. 
Continuous Doppler velocity will also be obtained using 
the ultrasound at an insolation angle of 60°. Following 
baseline assessments, reactive hyperaemia will be induced 
by inflating the cuff to 200 mm Hg for 5 min. Artery 
diameter and flow recordings will resume 30 s before cuff 
deflation and continue for 3 min thereafter.97 Brachial 
artery FMD will be expressed as a relative change (percent 
change) in peak arterial diameter from baseline (pre-
cuff inflation) to post-cuff deflation. The analysis of the 
brachial artery FMD will be undertaken using a contin-
uous edge-detection and wall-tracking software.

Arterial stiffness
Arterial stiffness outcomes incorporate measures of AIx 
and carotid-femoral artery PWV and will be assessed at 
weeks 1, 8 and 34. Arterial stiffness is an independent 
predictor of CVD and all-cause mortality rates in patients 
with PAD.98 99 After resting in the supine position for 
10 min, brachial artery pulse waves will be obtained by 
partially inflating a cuff over the right brachial artery 
using a SphygmoCor XCEL system (AtCor Medical Pty 
Ltd, Sydney, Australia) and following standard guide-
lines.100 101 The brachial waveforms will be used to generate 
central aortic pressure waveforms and to determine AIx, 
which is the ratio of wave reflection amplitude relative 
to central pulse pressure. For the PWV assessment, the 
carotid-femoral PWV will be measured using the applana-
tion tonometry technique. A handheld tonometer probe 
(AtCor Medical Pty Ltd, Sydney, Australia) will be held 
against the skin surface over the right carotid artery to 
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obtain carotid-artery pulse waves, and a pressure cuff 
will be placed around the right upper thigh to record 
femoral artery pulse waves. The distance from the carotid 
site above the suprasternal notch to the proximal edge 
of a thigh cuff over the femoral artery will be measured 
using a tape measure over the body area. The carotid 
and femoral pulse waves will be recorded simultaneously, 
and the femoral pulse wave requires the thigh cuff to be 
partially inflated. The PWV will then be automatically 
calculated as the ratio of the distance between the pulse 
measuring sites to the time delay between the carotid and 
femoral pulse waves. PWV will be recorded as the average 
of triplicate measurements.

Biomarkers of cardiovascular disease (CVD) risk
Biomarkers of CVD risk will be assessed at weeks 1 and 
34. The most recent blood test (within 8 weeks of base-
line and within 8 weeks of follow-up visit) will be retrieved 
from the medical records of each participant. Biomarkers 
of CVD risk will include total cholesterol, triglycerides, 
high-density lipoprotein, low-density lipoprotein and 
haemoglobin A1c levels.

Sample size calculations
Sample size calculations were conducted for the primary 
outcome 6-min walk distance and the secondary outcome 
maximal walking time during the graded treadmill 
walking test.

Six-minute walk test (6MWT)
Previous studies that assessed the effects of postrevascu-
larisation exercise therapy indicated a potential effect of 
53.2 m with an SD of 81 m for the 6-min walk distance.56 102 
This would provide a medium effect size of 0.65. To estab-
lish this effect from baseline to week 8 with 80% power 
and an alpha 0.05, 30 participants would be required in 
each group. Allowing for 10% dropout, 33 participants 
will be recruited in each group (total n=66).

Graded treadmill walking test
A previous study that assessed the effects of postrevascu-
larisation exercise therapy indicated a potential effect of 
5 min and 46 s with an SD of 6 min and 13 s for maximal 
walking time during the graded treadmill walking test.37 
This would provide a large effect size of 0.89. To estab-
lish this effect from baseline to week 8 with 80% power 
and an alpha 0.05, 17 participants would be required in 
each group (total n=34). As this outcome of maximal 
walking time during the treadmill test is a secondary 
outcome, participants will be given the option to opt out 
of performing this test during the trial.

Statistical analysis
Data analysis will follow the CONSORT statement for 
randomised-controlled trials.69 All data collected will be 
deidentified and coded throughout the trial. The data 
collected will remain coded for participant confidenti-
ality purposes. Baseline data for the two groups will be 
provided using counts and percentages and means and 

standard deviations (or non-parametric equivalents) for 
categorical variables. Furthermore, tables will show the 
outcome measures at weeks 8 and 34 and percent changes 
from baseline.

The primary analysis will be performed based on the 
intention-to-treat principle, where all participants will be 
analysed as per their allocation, regardless of the treat-
ment they received. Non-adherence will be assessed 
through per-protocol analyses. Per protocol analysis will 
primarily include participants that attend at least 70% 
of the supervised CR exercise sessions (ie, nine exer-
cise sessions overall) during the 6-week intervention 
period. The total number of supervised exercise sessions 
completed will be included in the analysis as a covariate.

Statistical analyses will be conducted using the IBM 
SPSS software (SPSS Inc, Chicago, IL). The data will 
be tested for normality using the Shapiro-Wilk test and 
will be considered normally distributed when p>0.05. 
Analyses will be conducted using analysis of variance 
for repeated measures. The primary comparison will be 
change in 6-min walk distance from baseline to postinter-
vention (week 8) in the CR versus the usual care group. 
Additional analyses will be performed from baseline to 
6-month follow-up timepoint (week 34). As required, 
confounding variables (including comorbidities, age, 
sex, smoking behaviour, medications) will be adjusted for 
using analysis of covariance. In all analyses, p<0.05 will be 
considered statistically significant. Post hoc analysis will 
be performed when a significant effect is present.

Data management
All data collected during the study will be coded and stored 
for a minimum of 15 years. Prospective participants will 
initially be assigned a screening number, and on consent into 
the study, they will be assigned a participant identification 
code. A coding log will be maintained and kept in a secure 
location (hard copy in locked cabinet and electronic copy on 
password protected file) in accordance with the International 
Council on Harmonisation Good Clinical Practice guidelines, 
the study data management plan and the data security policy 
of the University of the Sunshine Coast. The only personnel 
who will have access to participants’ individual identity are 
the principal investigator (CDA) and authorised project staff. 
Access to the coding log would only occur in the case where 
further medical history information is required in relation to 
a specific participant, in cases of emergency (eg, to identify 
and contact next of kin) or during the investigation of any 
events (eg, serious adverse event).

All individual participant information will be de-identified 
in the reporting of data and resulting publications or presen-
tations to fully protect the confidentiality of participants. 
Participants will be informed in the PICF that information or 
reports from the study will be prepared and will be submitted 
for publication. Participant information will normally be 
presented as group data. If necessary, information obtained 
from specific individuals may be presented; however, names 
will not be used to identify the individuals. Participants will 
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only be identified in such publications by an identification 
number and possibly their age and gender.

Adverse events
Information on all adverse events (study-related and non-
study-related) will be recorded immediately in the trial 
adverse event report form and in the appropriate case report 
form for the relevant participant. All clearly related signs, 
symptoms and abnormal procedural results will be recorded. 
For all recorded adverse events, the principal investigator or 
delegate will determine the adverse event’s causality to the 
intervention and the severity or intensity of the event. The 
clinical course of each event will be followed until resolution, 
stabilisation or until it has been determined that the study 
intervention or participation is not the cause. All logged 
events will be summarised and reported to the participant’s 
general practitioner and the relevant human research ethics 
committees and governance agencies as part of the reporting 
requirements.

ETHICS AND DISSEMINATION
This study has received ethics approval from the Human 
Research Ethics Committees (HREC) of Queensland Health 
Metro North Hospital and Health Service (94155) and the 
University of the Sunshine Coast (S231914). Any protocol 
amendments will be submitted to the aforementioned HREC 
for approval. Findings from this study will be disseminated 
in peer-reviewed journals and through national and interna-
tional conference presentations.
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