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ABSTRACT
Introduction Supervised exercise training is among 
the first- line therapies for patients with peripheral 
artery disease (PAD). Current recommendations for 
exercise include guidance focusing on claudication 
pain, programme and session duration, and frequency. 
However, no guidance is offered regarding exercise 
training intensity. This study aims to compare the 
effects of 12- week- long supervised walking exercise 
training (high- intensity interval training (HIIT) vs 
moderate- intensity exercise (MOD)) in patients with 
chronic symptomatic PAD.
Methods and analysis This study is a monocentric, 
interventional, non- blinded randomised controlled 
trial. 60 patients (30 in each group) will be randomly 
allocated (by using the random permuted blocks) to 
12 weeks (three times a week) of HIIT or MOD. For 
HIIT, exercise sessions will consist of alternating brief 
high- intensity (≥85% of the peak heart rate (HR

peak)) 
periods (≤60 s) of work with periods of passive rest. 
Patients will be asked to complete 1 and then 2 sets 
of 5–7 (progressing to 10–15×60 s) walking intervals. 
For the MOD group, exercise training sessions 
will consist of an alternation of periods of work 
performed at moderate intensity (≤76% HR

peak) and 
periods of passive rest. Interventions will be matched 
by training load. The primary outcome will be the 
maximal walking distance. Secondary outcomes will 
include functional performance, functional capacity, 
heath- related quality of life, self- perceived walking 
abilities, physical activity and haemodynamic 
parameters.
Ethics and dissemination The Angiof- HIIT Study 
was approved by the Human Research Ethics 
Committee of the Canton de Vaud (study number: 
2022- 01752). Written consent is mandatory prior 
to enrolment and randomisation. The results will be 
disseminated via national and international scientific 
meetings, scientific peer- reviewed journals and 
social media.
Trial registration number NCT05612945.

INTRODUCTION
Peripheral artery disease (PAD) is a chronic 
atherosclerotic vascular disease character-
ised by narrowing or occlusion of the lower 
limb arteries, thus resulting in reduced blood 
flow perfusion.1 The incidence of PAD is 
increasing worldwide and is now recognised 
as being a serious public health problem.1–3 
Intermittent claudication (IC) is a typical 
symptom of PAD. IC is defined as repro-
ducible ischaemic lower limb muscle pain 
occurring during exertion, which is due 
to an imbalance between oxygen supply 
and demand, and it is rapidly relieved with 
rest.1 IC negatively affects physical activities 
of daily life.4 Patients with PAD also exhibit 
functional impairments,4 gait abnormalities5 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This monocentric, interventional, non- blinded ran-
domised controlled trial compares the effects of 
12- week- long supervised short- duration high- 
intensity walking versus moderate- intensity exer-
cise training in patients with chronic symptomatic 
peripheral artery disease.

 ⇒ The study includes large panel assessments aimed 
at investigating the effects of exercise training in-
tensity on different components of functional perfor-
mance, functional capacity, heath- related quality of 
life, self- perceived walking abilities, physical activity 
and haemodynamic parameters.

 ⇒ Training programmes will be conducted on a block 
periodisation paradigm basis and will be matched 
for training load allowing for a precise investigation 
of the impact of exercise intensity on the different 
outcomes.

 ⇒ Due to the nature of the study, the intervention can-
not be blinded.
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and muscle strength weakness.6 This leads to decreased 
health- related quality of life (HRQoL).7 Participation 
in light (eg, regular walking or household chores) and 
moderate (eg, brisk walking) physical activity is related 
to a lower risk of all- cause and cardiovascular mortality in 
these patients.8

Supervised exercise training (SET) is considered 
among the first- line therapies for patients with PAD.2–4 9–11 
SET improves walking performance, which is usually 
considered as the primary outcome.4 9 12–14 Cardiore-
spiratory fitness (peak oxygen uptake (% VO2peak)) and 
HRQoL have also been found to be improved with this 
training.4 13–16 The current recommendations include 
guidance in terms of optimal claudication pain severity, 
programme and session duration, and frequency and 
modality.2 4 9 10 17–19 However, little guidance is offered 
regarding training intensity. Training session monitoring 
using common training intensity measures, such as % 
of peak heart rate (%HRpeak), cardiorespiratory fitness 
(%VO2peak) or the rate of perceived exertion (RPE), 
remains underused.9 15 20 PAD trials did not distinguish 
between symptom intensity and common training inten-
sity measures.4 9 11–13 16 21–24 Claudication pain severity 
does not necessarily correlate with exercise intensity.15 20 
When assuming that exercise intensity is a determinant 
of the physiological response to training,23 the sole moni-
toring of claudication pain is limiting. This may prevent 
the comparison of the effectiveness of exercise training in 
these patients20 and also potentially explain the variability 
usually observed in the extent of improvements.4 25 In this 
context, it has been demonstrated that vigorous- intensity 
exercise can improve VO2peak more than light- to- moderate 
exercise therapy intensity in these patients.13 15 Further-
more, it has recently been shown that walking at vigorous 
intensity led to the greatest improvement in maximal 
walking distance (MWD).15

High- intensity interval training (HIIT) is character-
ised by short, repeated bouts of exercise performed 
at a vigorous intensity interspersed by periods of active 
or passive recovery.26 HIIT is more time- efficient than 
low- to- moderate exercise training and could be a more 
attractive training mode. The benefits, safety and feasi-
bility of HIIT have been shown in patients with cardio-
vascular diseases.27–31 Despite initial evidence suggesting 
that HIIT may provide benefits in patients with PAD,32 
very few existing studies have confirmed this effect.15 32 
It seems that short- duration high- intensity bouts (≤60 s) 
are the most well- received HIIT protocols in patients with 
cardiovascular diseases.33 When considering the claudica-
tion pain during exertion in patients with PAD, especially 
if the exercise is performed at high intensity, the choice 
of a short- interval duration seems to be relevant to ensure 
feasibility. To our knowledge, only one study has recently 
investigated the feasibility of a short- duration (≤60 s) 
HIIT approach.34 The findings of that study34 showed 
that, with relevant prescreening, HIIT may be safe, well 
tolerated and effective in patients with symptomatic PAD. 
However, this study34 did not include a comparator group 

performing moderate- intensity exercise training (MOD). 
The performance of a randomised controlled trial (RCT) 
is crucial to discern which exercise training intensity 
induces better improvements in walking performance 
and other common disease- related outcomes. This would 
be helpful in optimising the effectiveness of exercise ther-
apeutic care.

Aims
This study aims to compare the effects of 12- week- long 
supervised walking exercise training (short- duration 
HIIT intervals vs moderate exercise intensity) on MWD in 
patients with chronic symptomatic PAD. The secondary 
objective of this study is to compare the effects of training 
on cardiorespiratory fitness, functional performance, 
HRQoL, physical activity and haemodynamic parameters.

It is hypothesised that treadmill performance would be 
improved to a greater extent after HIIT. Greater improve-
ments in cardiorespiratory fitness, functional perfor-
mance, HRQoL and physical activity after HIIT would 
also be expected.

METHODS AND ANALYSIS
This protocol for the Angiof- HIIT Study adheres to the 
Standard Protocol Items: Recommendations for Clinical 
Trials reporting guidance (online supplemental appendix 
1).35

Study design
This study is a monocentric, interventional, non- blinded 
RCT. Patients will be randomly allocated to 12 weeks of 
HIIT or MOD exercise training. The interventions and 
outcome assessments will be conducted by research staff.

Study setting
The interventions and outcome assessments will take 
place in the Angiology Department and Sports Medi-
cine Department of the Lausanne University Hospital 
(CHUV), Lausanne, Switzerland. The study began in 
March 2023, and it is currently ongoing. The study is 
planned to be completed by December 2027.

Eligibility criteria
The eligibility criteria are presented in Box 1.

Study recruitment and procedures
Figure 1 displays the patient pathway of the Angiof- HIIT 
Study. Patients with symptomatic chronic PAD who are 
eligible to participate in a supervised or home- based exer-
cise training programme at the Angiology Department 
will be asked to participate in the Angiof- HIIT Study and 
be given the study information sheet. Recruitment will 
be performed during routine vascular medicine visits. At 
least 48 hours later, a phone call will confirm their willing-
ness to participate in the study.

Patients who are willing to enter the study will be 
directed for the inclusion procedures (figure 1). Before 
inclusion, each patient will be systematically evaluated 
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by a cardiologist to assess the absence of contraindica-
tions to exercise.36–38 Subsequently, patients will sign the 
informed consent form (online supplemental appendix 
2) and be referred to the baseline assessment (figure 1).

Patients who decide not to take part in the study will 
be proposed to participate in our multimodal SET39–45 
or home- based programme. If the patient declines these 
options, verbal advice on the importance of physical 
activity will be given (figure 1).

Intervention
Both training interventions (HIIT and MOD) will consist 
of 36 supervised treadmill sessions spread over 12 weeks 
(three sessions per week). Each session will last between 
30 and 60 min.4 9 11 25 Each training session will be super-
vised by a clinical exercise physiologist.9 Training inter-
ventions will be performed at the Division of Angiology on 
a treadmill (Cosmed T150, Italy) equipped with a harness 
and chest belt to secure the patients and to prevent any 
incidence of falling. HR and RPE on the Borg’s scale46 
will be used for the monitoring of objective and subjec-
tive exercise training intensity, respectively.9 Treadmill 
speed and slope will be continuously adjusted to ensure 
the intensity target for each training intervention. Each 
training session will start and end with a 5 min warm- up 
and cool- down period. The number of patients who have 
sufficiently adhered to the treatment protocol, such as 
completing a minimum of 80% of sessions over 12 weeks 
(29 of 36 sessions), will be reported. A minimum of 80% 
completion rate is most frequently used as a surrogate of 
satisfactory adherence in patients with PAD and cardio-
vascular diseases.47 48

Block periodisation and training load
The 12- week (HIIT and MOD) exercise training period 
will be conducted on a block periodisation paradigm basis 
(figure 2). HIIT and MOD will consist of three 4- week 
blocks of training (figure 2). HIIT and MOD will be 
designed to be matched by the total exercise training load 

by using the TRaining IMPulseS (TRIMPS) approach.49 
TRIMPS will be calculated by using Banister’s method49:

 TRIMPS = session duration (min) × %HRR × k   

where % of the heart rate reserve (%HRR)=(HRexercise–
HRrest)/(HRpeak–HRrest), and k is a weighted coefficient of 
0.64.e1.92×%HRR (males) and 0.86.e1.67×%HRR (females).

Each block will be composed of 3 weeks of progressive 
increase in training load by ~10% per week, followed by a 
40–60% decrease in training load during the fourth week 
of training (figure 2). During the fourth week of training, 
the exercise sessions for both groups will be performed 
at low intensity (≤63% HRpeak; RPE: 9–11). The training 
load will be gradually increased by ~10–20% per block 
(figure 2).

HIIT group
Exercise training sessions will consist of an alternation of 
brief periods (≤60 s) of work performed at high intensity 
and a brief period of passive rest (figure 3). Patients will be 
asked to complete 1 and then 2 sets of 5–7 (progressing to 
10–15×60 s) walking intervals. It is expected that patients 
will achieve the target intensity at the end of the second/
third walking interval. The total number of walking 
intervals will be adjusted to ensure that every training 
session will be performed at the target training load. The 
sustaining of high- intensity exercise may be challenging 
for naïve patients.50 A ‘lead- in period’ of moderate exer-
cise training intensity seems relevant before commencing 
HIIT.9 50 Patients in the HIIT group will perform 2 weeks 
of moderate- intensity exercise training. Afterwards, the 
exercise intensity will be targeted.9

The training intensity in the HIIT group will be set 
at ≥85% HRpeak recorded during the maximal cardio-
pulmonary exercise test (CPET).31 50 The RPE on the 
Borg’s scale (≥15)46 will also be used to monitor the 
subjective exercise training intensity. The HIIT work- 
to- rest ratio will be individually adapted to ensure 
the feasibility of the training method based on the 
patient’s tolerance and claudication pain severity 
management during exertion. To that end, different 
work- to- rest ratios will be adopted: 1:2 (the rest 
period will be twice as long as the effort phase), 1:1.5 
(the rest period will be 50% superior to that of the 
effort- phase duration), 1:1 (effort and rest will have 
the same time period), 1.5:1 (the effort period will 
be 50% superior to that of the rest- phase duration), 
2:1 (the effort period will be twice as long as the rest 
phase).

MOD group
The training approach of the MOD group will be 
in line with current recommendations.9 Exercise 
training sessions will consist of an alternation of 
periods of work performed at moderate intensity 
and periods of passive rest (figure 3). The exercise 
training intensity will be set at ≤76% HRpeak recorded 
during the maximal CPET.23 The RPE on the Borg’s 

Box 1 Eligibility criteria

Inclusion criteria
 ⇒ Adult patients with chronic symptomatic PAD (Fontaine stage IIa/b).
 ⇒ ABI ≤0.9 or drop by 20% following exercise treadmill test, or TBI 
≤0.6 if incompressible arteries.

 ⇒ Signed written informed consent form.

Exclusion criteria
 ⇒ Age <18 years.
 ⇒ Critical limb- threatening ischaemia.
 ⇒ Previous participation in SET programmes ≤1 year.
 ⇒ Cardiac contraindication to exercise.
 ⇒ Neurological and neuromuscular disorders and other comorbidities 
(orthopaedic, rheumatological) leading to gait abnormalities.

 ⇒ Prior leg/foot amputation.
 ⇒ Incapacity of discernment.

ABI, ankle- brachial index; PAD, peripheral artery disease; SET, supervised 
exercise training; TBI, toe- brachial index.
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scale (≤13) will also be used to monitor the exercise 
training intensity. Compared with the HIIT group, 
no fixed work- to- rest ratio will be applied.9 The 
duration of each walking bout will depend on the 

claudication pain severity and the targeted exercise 
intensity. Patients will be instructed to rest until pain 
resolution (or almost resolution) before resuming 
walking.

Figure 1 Study flow chart. HIIT, high- intensity interval training; MOD, moderate- intensity exercise training; PAD, peripheral 
artery disease; SET, supervised exercise training.
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Randomisation
The allocation ratio of randomisation will be 1:1 by 
using the random permuted block randomisation 
method. For allocation, a computer- generated list of 

random permuted blocks will be used (https://www. 
sealedenvelope.com).

Participants will be enrolled in the study by the prin-
cipal investigator. The allocation sequence will be set 

Figure 2 Schematic representation of the block periodisation exercise training programme. TRIMPS, TRaining IMPulseS.

Figure 3 Schematic representation of the high- intensity interval and moderate- intensity training interventions. HRpeak, peak 
heart rate.
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in sequentially numbered, opaque, sealed envelopes. 
Envelopes will be opened by the principal investigator 
after the enrolled patients provide signed consent and 
complete all the baseline assessments.

Due to the nature of the study, the intervention 
cannot be blinded for the patients. Additionally, the 
exercise physiologists delivering both training inter-
ventions cannot be blinded. The primary outcome 
investigators will be blinded to the group allocation.

Sample size calculation
The sample size was assessed based on the results of 
the only study investigating the effects of exercise 
training intensity using longer (2 min) walking inter-
vals in patients with PAD.51 A total of 46 patients will 
be needed to detect a significant mean difference in 
MWD on treadmill (primary outcome) of 110 m and a 
pooled SD of 99 m between groups (Cohen’s d value: 
0.4; power: 80%; α=5%). Considering some potential 
dropouts (30%), a sample size of 60 patients (30 in 
each group) will be recruited.

Outcome measures
Primary outcome
The primary outcome of the study will be the MWD 
assessed during a graded treadmill test.

Secondary outcomes
Different secondary outcomes will be assessed: (1) pain- 
free walking distance (PFWD) assessed during a maximal 
graded treadmill test; (2) muscle oxygenation assessed 
during the maximal graded treadmill test; (3) cardiore-
spiratory fitness; (4) functional performance; (5) HRQoL 
and self- perceived walking abilities; (6) physical activity 
and (7) haemodynamic parameters.

Measures
Assessments of primary and secondary outcomes will be 
performed before the first training session and between 5 
and 14 days following the last training session.

Cardiorespiratory fitness
Patients will complete a maximal CPET on a treadmill 
by using a modified Balke protocol to determine VO2peak 
and HRpeak. After a 3 min rest where baseline values will 
be recorded during the last 30 s, the initial walking speed 
will be set at a constant speed of 3.2 km/hour and at a 0% 
grade. The grade will progressively increase by 1%/min 
until exhaustion. Oxygen consumption (VO2), carbon 
dioxide production (VCO2) and ventilation will be 
measured by using a Cortex Metalyzer 3B gas exchange 
analyser (Cortex Biophysik, Leipzig, Germany), which 
will be calibrated for flow and gas concentrations before 
every procedure according to the manufacturer’s recom-
mendations. VO2peak will be defined as the highest 20 s 
mean value recorded before the patient’s volitional termi-
nation of the test.52 HRpeak will be defined as the highest 
5 s average peak value that is obtained during the test. 
Ventilatory threshold 1 (VT1) will be defined according to 

three criteria52: (1) the excess VCO2 relative to VO2 with 
the modified V- slope method; (2) the identification of 
hyperventilation relative to VO2; and (3) the exclusion of 
hyperventilation relative to VCO2 at the inflection point, 
as identified by criteria 1 and 2. Two experienced investi-
gators will mutually determine VT1.

The number of patients having at least two out of four 
of the following maximal criteria will be assessed: achieve-
ment of ≥85% age- predicted maximum HR, a respira-
tory exchange ratio>1.10, RPE >17 and blood lactate 
concentration≥8 mmoL/L.53 Due to the fact that it has 
been shown that patients with PAD do not systematically 
achieve a maximal effort,34 54 55 all of the recorded data 
will be included in the analyses regardless of whether a 
maximal effort is achieved.

ECG signals will be continuously monitored with a 
Custo Cardio 200 (Custo Med, Ottobrunn, Germany). 
The CPET conclusions before inclusion will be used to 
assess the absence of cardiac contraindications to exercise.

Graded treadmill test
Patients will be instructed to avoid vigorous physical activ-
ities, cigarette smoking and alcohol use before the test. 
Before the test, patients will rest for 15 min. Patients will 
perform a graded treadmill test to determine the MWD 
(primary outcome) and PFWD.56 The initial walking 
speed will be set at 3.2 km/hour and at 0% grade. The 
grade will be increased by 2% every 2 min.56 During the 
test, patients will be asked to indicate the exact moment 
of the beginning of the leg pain (PFWD) and the moment 
at which it will be impossible to continue the test due to 
achieving maximal claudication pain (MWD). The tread-
mill screen (timer, distance and slope) will be hidden 
from the patient. Handrail support will be allowed to 
maintain balance. Immediately after graded treadmill 
test, the RPE on the Borg’s scale (6: ‘very very light’; 20: 
‘maximal effort’)46 and the claudication pain severity on 
a 0- point to 4- point Claudication Pain Scale38 will also be 
recorded. Afterwards, patients will be asked to immedi-
ately lie down and will be asked to indicate when the clau-
dication pain completely disappears.

Muscle oxygenation
During the graded treadmill test, muscle oxygenation 
of the gastrocnemius muscle will be assessed via near- 
infrared spectroscopy (NIRS, PortaMon, Artinis, The 
Netherlands),57 which is a non- invasive system measuring 
muscle oxygen saturation (StO2) and is indicative of tissue 
oxygenation.58 The NIRS probe will be placed over the 
lateral gastrocnemius muscle of the most symptomatic 
leg. Calf StO2 will be continuously recorded throughout 
the treadmill test. Baseline calf StO2 values will be assessed 
after 3 min of standing, at the appearance of pain and at 
the end of the test. Each point will be calculated as the 
average during the 15 s before each time point. Addition-
ally, the time to reach the minimum calf StO2 value and 
the area under the curve for the deoxygenation period 
during exercise will be assessed.59 60 The reoxygenation 
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time in the supine position (the time from the end of 
the test until calf StO2 returns to baseline) will also be 
recorded.59 60 The signal will be recorded at 10 Hz with a 
differential pathlength factor of 6.0. Data will be downs-
ampled to 1 Hz.

Functional performance
The tests will be performed on the same day and time 
and in the same order, as presented below. To ensure 
feasibility, patients will be allowed to rest from 5 to 10 min 
between each test.

Preferred walking speed and gait analysis
Patients will perform a 15 m walking test. The preferred 
walking speed (PWS) will be measured between 5 and 
10 m to avoid the acceleration and deceleration phase.61 
This test will be performed three times, and the PWS will 
be calculated as the mean of the two speed trials, thus 
excluding the largest difference among the three trials.61 
As previously described,40 41 patients will wear Physilog 
(GaitUp, Lausanne, Switzerland), which includes two 
inertial measurement units that will be used to evaluate 
spatiotemporal gait and foot kinematics parameters.62 63

Six-minute walking test
The six- minute walking test (6MWT) will be performed 
following standardised criteria.64 In an indoor 30 m 
corridor, patients will be asked to walk as far as possible 
within 6 min to determine the 6- minute walking distance.65 
Patients will be informed that they are allowed to stop 
during the test and/or lean against the wall. If so, they 
will be instructed to resume walking as soon as they can. 
During the test, encouragement will be used, according 
to the guidelines.65 The PFWD during the 6MWT will also 
be recorded. At the end of the test, the RPE on the Borg’s 
scale46 and the claudication pain severity on a 0- point to 
4- point Claudication Pain Scale38 will be recorded. The 
6MWT will be performed twice, and the best attempt will 
be considered. HR will be continuously measured during 
the test. Moreover, the mean HR value and the average 
HR value of the last 15 s of the test will be assessed to 
investigate the cardiovascular response.

Ascending and descending stair performance
Patients will be asked to ascend and descend a 12- step 
staircase as quickly as possible.66 67 Verbal encourage-
ment will be given during the test. The first stopwatch 
will be stopped when both patients’ feet reach the last 
stair during the ascending stair (ascending stair perfor-
mance). The second stopwatch will be stopped when both 
patients’ feet reach the last stair during the descending 
stair (ascending and descending stair performance). To 
ensure safety and balance, the use of the handrail will be 
allowed. The test will be performed twice, and the average 
of the two attempts will be considered.44 66–68

Short Physical Performance Battery
The Short Physical Performance Battery is composed of 
three tests assessing functional performance: a standing 

balance test, 4- metre walking test and sit- to- stand 
chair test.69 The tests will be performed as previously 
described.68

Unipedal stance test
Patients will be asked to hold the unipedal stance position 
for a maximum of 60 s on both legs.68

30 and 60 s repeated sit-to-stand chair test
Patients will be asked to stand up from a chair to a fully 
extended standing position as many times as possible 
within 30 and 60 s with their arms folded across their 
chest.67 Verbal encouragement will be given during 
the test. The number of completed repetitions that are 
achieved will be recorded. The highest HR value obtained 
during each test will be recorded to investigate the cardio-
vascular response.

Health-related quality of life and self-perceived walking abilities
As previously described,42 the Medical Outcomes Study 
Short- Form 36 will be used to evaluate physical and mental 
HRQoL,70 and the Walking Impairment Questionnaire71 
will be used to assess self- perceived walking abilities.

Physical activity
Physical activity levels will be measured for 7 consecu-
tive days by using an accelerometer (MTI/CSA GT3X+, 
Actigraph, Pensacola, Florida, USA).72 The accelerom-
eter will be attached to an elastic belt, and patients will 
be asked to wear it at the right waist level. To accurately 
assess physical activity levels, at least 4 days with at least 10 
hours of wearing time per day will be needed.73 Seden-
tary, light, moderate and vigorous- intensity activities will 
be classified as ≤99 counts/min, 100–1800 counts/min, 
1800–3799 counts/min and >3800 counts/min, respec-
tively.73 The mean daily step count will also be assessed. 
Data analysis will be performed by using Actilife software 
(V.6.02, Actigraph, Pensacola, Florida, USA), with a 60 Hz 
sample frequency and 60 s epochs.

Haemodynamic assessment and physical characteristics
Medical history and vascular examination will be 
performed. Resting ankle- brachial index and toe- brachial 
index will be recorded according to guidelines.2

Data collection and management
Coded data will be reported on a case report form 
and subsequently stored in an electronic database via 
REDCap. Coded data will be stored on a secure server 
(with high security standards) at Lausanne University 
Hospital. Paper data (consent forms and questionnaires) 
will be kept in a secure cabinet in the principal investi-
gator’s office. Access to REDCap will be limited for the 
research staff. Data will be conserved for a duration of 
10 years after study completion. To assess and ensure the 
safety of the interventions, adverse and serious adverse 
events will be monitored.

Data monitoring will include a site initiation visit, a first 
visit after inclusion of 6 (10%) patients, a visit for every 12 
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(20%) patients who are included and a final visit after the 
last visit of the last patient.

Statistical analyses
The REDCap database will be exported to SPSS V.29 soft-
ware (IBM Corporation).

Data will be analysed with an intention- to- treat 
approach. In the case of missing data, multiple impu-
tations will be performed for patients who fail to 
complete the intervention programme or in cases 
of missing assessments of primary and secondary 
outcomes. T- test and Χ2 test will be used to compare 
the baseline characteristics of patients who completed 
the intervention versus those who failed to complete 
the intervention. For missing data, multiple imputa-
tions will be performed to obtain 20 imputed data-
sets.42 44 To that end, we will use a fully conditional 
specification with predictive mean matching to 
impute all of the variables simultaneously, which is 
now considered a standard approach.74 75 Age, sex, 
body mass index, ongoing treatment and baseline 
values will be used to impute the dataset.

Detailed descriptive statistics will be performed. 
The normality of the data distribution will be visually 
and statistically assessed. A two- way analysis of vari-
ance (ANOVA) (group (HIIT vs MOD)×time (before 
vs after)) will be performed to assess differences. 
The significance will be determined with a t- test, 
with Bonferroni adjustments used where appropriate, 
when the ANOVA demonstrates significant main or 
group×time interaction effects. Cohen’s d values will 
be used to explore the significance of the training 
improvements within each group. If statistical power 
permits, stratification by gender will be performed. 
The level of significance will be set at p≤0.05.

Patient and public involvement
Following the intervention, each patient will receive a 
questionnaire of satisfaction and tolerability of the inter-
vention, with an aim of examining the burden of the 
study intervention. The study intervention and design 
were developed without the participation of any patient.

Ethics and dissemination
The Angiof- HIIT Study was approved by the Human 
Research Ethics Committee of the Canton de Vaud (study 
number: 2022- 01752, V.2, 27 October 2022). Written 
consent is mandatory prior to enrolment and randomi-
sation. The results will be disseminated via national and 
international scientific meetings, scientific peer- reviewed 
journals and social media. The results will be discussed 
with all the professionals involved in this study.

Author affiliations
1Angiology Department, Lausanne University Hospital (CHUV), University of 
Lausanne (UNIL), Switzerland, Lausanne, Switzerland
2Department of Sports Medicine, Swiss Olympic Medical Center, CHUV, Lausanne, 
Switzerland
3Institute of Sport Sciences, University of Lausanne, Lausanne, Switzerland

X Stefano Lanzi @ste_lanzi

Contributors SL conceptualised the interventions. SL, AP, MF, CB, BD, VG- B and LM 
contributed to the design of the study protocol. SL drafted the manuscript. All of the 
authors critically revised the manuscript and approved its final version.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Stefano Lanzi http://orcid.org/0000-0003-1089-6309

REFERENCES
 1 Criqui MH, Matsushita K, Aboyans V, et al. Lower extremity 

peripheral artery disease: contemporary epidemiology, management 
gaps, and future directions: A scientific statement from the American 
heart Association. Circulation 2021;144:e171–91. 

 2 Aboyans V, Ricco JB, Bartelink MEL, et al. Esc guidelines on 
the diagnosis and treatment of peripheral arterial diseases, in 
collaboration with the European society for vascular surgery 
(Esvs): document covering Atherosclerotic disease of Extracranial 
carotid and vertebral, mesenteric, renal, upper and lower extremity 
arteriesEndorsed by: the European stroke Organization (Eso)The task 
force for the diagnosis and treatment of peripheral arterial diseases 
of the European society of cardiology (ESC) and of the European 
society for vascular surgery (Esvs). Eur Heart J 2017;2018:763–816.

 3 Frank U, Nikol S, Belch J. 5 conservative treatment for pad – risk 
factor management. Vasa 2019;48:1–12.

 4 Treat- Jacobson D, McDermott MM, Bronas UG, et al. Optimal 
exercise programs for patients with peripheral artery disease: a 
scientific statement from the American heart Association. Circulation 
2019;139:e10–33.

 5 Bapat GM, Bashir AZ, Malcolm P, et al. A Biomechanical perspective 
on walking in patients with peripheral artery disease. Vasc Med 
2023;28:77–84. 

 6 Schieber MN, Hasenkamp RM, Pipinos II, et al. Muscle strength and 
control characteristics are altered by peripheral artery disease. J 
Vasc Surg 2017;66:178–86. 

 7 Liles DR, Kallen MA, Petersen LA, et al. Quality of life and peripheral 
arterial disease. J Surg Res 2006;136:294–301.

 8 Gardner AW, Addison O, Katzel LI, et al. Association between 
physical activity and mortality in patients with Claudication. Med Sci 
Sports Exerc 2021;53:732–9.

 9 Mazzolai L, Belch J, Venermo M, et al. Exercise therapy for chronic 
symptomatic peripheral artery disease. Vasa 2024;108. 

 10 Gerhard- Herman MD, Gornik HL, Barrett C. Aha/ACC guideline on 
the management of patients with lower extremity peripheral artery 
disease: executive summary: a report of the American college of 
cardiology/American heart Association task force on clinical practice 
guidelines. Circulation 2017;135:e686–725.

 11 Harwood AE, Pymer S, Ingle L, et al. Exercise training for intermittent 
Claudication: a narrative review and summary of guidelines for 
practitioners. BMJ Open Sport Exerc Med 2020;6:e000897. 

M
edecine. P

rotected by copyright.
 on A

pril 19, 2024 at B
ibliotheque C

entre D
e D

oc D
e La F

aculte D
e

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-081883 on 17 A
pril 2024. D

ow
nloaded from

 

https://x.com/ste_lanzi
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1089-6309
http://dx.doi.org/10.1161/CIR.0000000000001005
http://dx.doi.org/10.1024/0301-1526/a000835
http://dx.doi.org/10.1161/CIR.0000000000000623
http://dx.doi.org/10.1177/1358863X221146207
http://dx.doi.org/10.1016/j.jvs.2017.01.051
http://dx.doi.org/10.1016/j.jvs.2017.01.051
http://dx.doi.org/10.1016/j.jss.2006.06.008
http://dx.doi.org/10.1249/MSS.0000000000002526
http://dx.doi.org/10.1249/MSS.0000000000002526
http://dx.doi.org/10.1024/0301-1526/a001112
http://dx.doi.org/10.1136/bmjsem-2020-000897
http://bmjopen.bmj.com/


9Lanzi S, et al. BMJ Open 2024;14:e081883. doi:10.1136/bmjopen-2023-081883

Open access

 12 Lane R, Harwood A, Watson L, et al. Exercise for intermittent 
Claudication. Cochrane Database Syst Rev 2017;12. 

 13 Parmenter BJ, Dieberg G, Smart NA. Exercise training for 
management of peripheral arterial disease: a systematic review and 
meta- analysis. Sports Med 2015;45:231–44. 

 14 Peñín- Grandes S, López- Ortiz S, Maroto- Izquierdo S, et al. Winners 
do what they fear: exercise and peripheral arterial disease- an 
umbrella review. Eur J Prev Cardiol 2024;31:380–8. 

 15 Fassora M, Calanca L, Jaques C, et al. Intensity- dependent 
effects of exercise therapy on walking performance and aerobic 
fitness in symptomatic patients with lower- extremity peripheral 
artery disease: A systematic review and meta- analysis. Vasc Med 
2022;27:158–70. 

 16 Parmenter BJ, Dieberg G, Phipps G, et al. Exercise training for 
health- related quality of life in peripheral artery disease: a systematic 
review and meta- analysis. Vasc Med 2015;20:30–40. 

 17 NICE. The National Institute of health and care excellence. peripheral 
arterial disease: diagnosis and management clinical guideline 
[Cg147]. National Institute for Health and Care Excellence 2012.

 18 Au TB, Golledge J, Walker PJ, et al. Peripheral arterial disease - 
diagnosis and management in general practice. Aust Fam Physician 
2013;42:397–400.

 19 Norgren L, Hiatt WR, Dormandy JA, et al. Inter- society consensus for 
the management of peripheral arterial disease (TASC II). Eur J Vasc 
Endovasc Surg 2007;33 Suppl 1:S1–75. 

 20 Lanzi S, Mazzolai L. Commentary to seed, et al. 'what is the correct 
level of Claudication pain to prescribe? universal inconsistency within 
guidelines, a painful issue Vascular 2023. 

 21 Parmenter BJ, Mavros Y, Ritti Dias R, et al. Resistance training 
as a treatment for older persons with peripheral artery disease: 
a systematic review and meta- analysis. Br J Sports Med 
2020;54:452–61. 

 22 Parmenter BJ, Raymond J, Dinnen P, et al. A systematic review 
of randomized controlled trials: walking versus alternative 
exercise prescription as treatment for intermittent Claudication. 
Atherosclerosis 2011;218:1–12. 

 23 Garber CE, Blissmer B, Deschenes MR, et al. American college of 
sports medicine position stand. quantity and quality of exercise 
for developing and maintaining cardiorespiratory, musculoskeletal, 
and Neuromotor fitness in apparently healthy adults: guidance for 
prescribing exercise. Med Sci Sports Exerc 2011;43:1334–59. 

 24 Gardner AW, Poehlman ET. Exercise rehabilitation programs 
for the treatment of Claudication pain. A meta- analysis. JAMA 
1995;274:975–80.

 25 Bulmer AC, Coombes JS. Optimising exercise training in peripheral 
arterial disease. Sports Med 2004;34:983–1003. 

 26 Laursen PB, Jenkins DG. The scientific basis for high- intensity 
interval training: Optimising training programmes and Maximising 
performance in highly trained endurance athletes. Sports Med 
2002;32:53–73. 

 27 Ito S. High- intensity interval training for health benefits and care of 
cardiac diseases - the key to an efficient exercise protocol. World J 
Cardiol 2019;11:171–88. 

 28 Liou K, Ho S, Fildes J, et al. High intensity interval versus moderate 
intensity continuous training in patients with coronary artery disease: 
A meta- analysis of physiological and clinical parameters. Heart Lung 
Circ 2016;25:166–74. 

 29 Quindry JC, Franklin BA, Chapman M, et al. Benefits and risks 
of high- intensity interval training in patients with coronary artery 
disease. Am J Cardiol 2019;123:1370–7. 

 30 Weston KS, Wisløff U, Coombes JS. High- intensity interval training in 
patients with lifestyle- induced Cardiometabolic disease: a systematic 
review and meta- analysis. Br J Sports Med 2014;48:1227–34. 

 31 Wewege MA, Ahn D, Yu J, et al. High- intensity interval training for 
patients with cardiovascular disease- is it safe? A systematic review. 
J Am Heart Assoc 2018;7:e009305. 

 32 Pymer S, Palmer J, Harwood AE, et al. A systematic review of high- 
intensity interval training as an exercise intervention for intermittent 
Claudication. J Vasc Surg 2019;70:2076–87. 

 33 Meyer P, Normandin E, Gayda M, et al. High- intensity interval 
exercise in chronic heart failure: protocol optimization. J Card Fail 
2012;18:126–33. 

 34 Pymer S, Harwood A, Rhavindhran B, et al. High intensity interval 
training in patients with intermittent Claudication (initiate): a feasibility 
proof- of- concept study. Journal of Vascular Surgery 2023;77:e242.

 35 Chan A- W, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: 
defining standard protocol items for clinical trials. Ann Intern Med 
2013;158:200–7. 

 36 Fletcher GF, Ades PA, Kligfield P, et al. Exercise standards for 
testing and training: a scientific statement from the American heart 
Association. Circulation 2013;128:873–934. 

 37 Thompson PD, Arena R, Riebe D, et al. American college of sports 
M. ACSM’s new Preparticipation health screening recommendations 
from ACSM’s guidelines for exercise testing and prescription, ninth 
edition. Curr Sports Med Rep 2013;12:215–7. 

 38 Treat- Jacobson D, McDermott MM, Beckman JA, et al. 
Implementation of supervised exercise therapy for patients with 
symptomatic peripheral artery disease: A science advisory from the 
American heart Association. Circulation 2019;140:e700–10. 

 39 Calanca L, Lanzi S, Ney B, et al. Multimodal supervised exercise 
significantly improves walking performances without changing 
hemodynamic parameters in patients with symptomatic lower 
extremity peripheral artery disease. Vasc Endovascular Surg 
2020;54:605–11. 

 40 Lanzi S, Boichat J, Calanca L, et al. Gait changes after supervised 
exercise training in patients with symptomatic lower extremity 
peripheral artery disease. Vasc Med 2021;26:259–66. 

 41 Lanzi S, Boichat J, Calanca L, et al. Supervised exercise training 
improves 6 min walking distance and modifies gait pattern during 
pain- free walking condition in patients with symptomatic lower 
extremity peripheral artery disease. Sensors (Basel) 2021;21. 

 42 Lanzi S, Calanca L, Berchtold A, et al. Improvement in 6- minute 
walking distance after supervised exercise training is related to 
changes in quality of life in patients with lower extremity peripheral 
artery disease. J Clin Med 2021;10. 

 43 Lanzi S, Pousaz A, Calanca L, et al. Sex- based differences in 
supervised exercise therapy outcomes for symptomatic peripheral 
artery disease. Vasc Med 2023;28:147–9. 

 44 Lanzi S, Pousaz A, Calanca L, et al. Sit to stand muscle power is 
related to functional performance at baseline and after supervised 
exercise training in patients with lower extremity peripheral artery 
disease. Eur J Vasc Endovasc Surg 2023;65:521–7. 

 45 Ney B, Lanzi S, Calanca L, et al. Multimodal supervised exercise 
training is effective in improving long term walking performance in 
patients with symptomatic lower extremity peripheral artery disease. 
JCM 2057;10:2057.

 46 Borg GAV. Psychophysical bases of perceived exertion. Medicine & 
Science in Sports & Exercise 1982;14:377. 

 47 Birkett ST, Sinclair J, Seed SA, et al. Effects of exercise prescribed 
at different levels of Claudication pain on walking performance in 
patients with intermittent Claudication: a protocol for a randomised 
controlled trial. Ther Adv Cardiovasc Dis 2022;16. 

 48 Deka P, Pozehl B, Williams MA, et al. Adherence to recommended 
exercise guidelines in patients with heart failure. Heart Fail Rev 
2017;22:41–53. 

 49 Clarke DC, Skiba PF. Rationale and resources for teaching the 
mathematical modeling of athletic training and performance. Adv 
Physiol Educ 2013;37:134–52. 

 50 Taylor JL, Bonikowske AR, Olson TP. Optimizing outcomes in cardiac 
rehabilitation: the importance of exercise intensity. Front Cardiovasc 
Med 2021;8. 

 51 Slørdahl SA, Wang E, Hoff J, et al. Effective training for patients with 
intermittent Claudication. Scand Cardiovasc J 2005;39:244–9. 

 52 Levett DZH, Jack S, Swart M, et al. Perioperative cardiopulmonary 
exercise testing (CPET): consensus clinical guidelines on indications, 
organization, conduct, and physiological interpretation. Br J Anaesth 
2018;120:484–500. 

 53 American college of sports medicine. In: Guidelines for Exercise 
Testing and Prescription. 11th edn. 2022.

 54 Pymer S, Harwood A, Ibeggazene S, et al. High intensity interval 
training in patients with intermittent Claudication (initiate): protocol 
for a Multicentre, proof- of- concept, prospective Interventional study. 
BMJ Open 2020;10:e038825.

 55 Pymer S, Nichols S, Prosser J, et al. Does exercise prescription 
based on estimated heart rate training zones exceed the ventilatory 
anaerobic threshold in patients with coronary heart disease 
undergoing usual- care cardiovascular rehabilitation? A United 
Kingdom perspective. Eur J Prev Cardiol 2020;27:579–89. 

 56 Gardner AW, Skinner JS, Cantwell BW, et al. Progressive vs single- 
stage treadmill tests for evaluation of Claudication. Med Sci Sports 
Exerc 1991;23:402???408–8.

 57 Boushel R, Piantadosi CA. Near‐Infrared spectroscopy for 
monitoring muscle oxygenation. Acta Physiologica Scandinavica 
2000;168:615–22.

 58 Ferrari M, Muthalib M, Quaresima V. The use of near- infrared 
spectroscopy in understanding Skeletal muscle physiology: 
recent developments. Philos Trans A Math Phys Eng Sci 
2011;369:4577–90. 

 59 Cornelis N, Chatzinikolaou P, Buys R, et al. The use of near infrared 
spectroscopy to evaluate the effect of exercise on peripheral muscle 
oxygenation in patients with lower extremity artery disease: A 
systematic review. Eur J Vasc Endovasc Surg 2021;61:837–47. 

M
edecine. P

rotected by copyright.
 on A

pril 19, 2024 at B
ibliotheque C

entre D
e D

oc D
e La F

aculte D
e

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-081883 on 17 A
pril 2024. D

ow
nloaded from

 

http://dx.doi.org/10.1002/14651858.CD000990.pub4
http://dx.doi.org/10.1007/s40279-014-0261-z
http://dx.doi.org/10.1093/eurjpc/zwad261
http://dx.doi.org/10.1177/1358863X211034577
http://dx.doi.org/10.1177/1358863X14559092
http://dx.doi.org/10.1016/j.ejvs.2006.09.024
http://dx.doi.org/10.1016/j.ejvs.2006.09.024
http://dx.doi.org/10.1177/17085381231160931
http://dx.doi.org/10.1136/bjsports-2018-100205
http://dx.doi.org/10.1016/j.atherosclerosis.2011.04.024
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://dx.doi.org/10.1001/jama.1995.03530120067043
http://dx.doi.org/10.2165/00007256-200434140-00004
http://dx.doi.org/10.2165/00007256-200232010-00003
http://dx.doi.org/10.4330/wjc.v11.i7.171
http://dx.doi.org/10.4330/wjc.v11.i7.171
http://dx.doi.org/10.1016/j.hlc.2015.06.828
http://dx.doi.org/10.1016/j.hlc.2015.06.828
http://dx.doi.org/10.1016/j.amjcard.2019.01.008
http://dx.doi.org/10.1136/bjsports-2013-092576
http://dx.doi.org/10.1161/JAHA.118.009305
http://dx.doi.org/10.1016/j.jvs.2019.03.050
http://dx.doi.org/10.1016/j.cardfail.2011.10.010
http://dx.doi.org/10.1016/j.jvs.2023.03.340
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.1161/CIR.0b013e31829b5b44
http://dx.doi.org/10.1249/JSR.0b013e31829a68cf
http://dx.doi.org/10.1161/CIR.0000000000000727
http://dx.doi.org/10.1177/1538574420940090
http://dx.doi.org/10.1177/1358863X20984831
http://dx.doi.org/10.3390/s21237989
http://dx.doi.org/10.3390/jcm10153330
http://dx.doi.org/10.1177/1358863X221149454
http://dx.doi.org/10.1016/j.ejvs.2022.12.029
http://dx.doi.org/10.3390/jcm10102057
http://dx.doi.org/10.1249/00005768-198205000-00012
http://dx.doi.org/10.1249/00005768-198205000-00012
http://dx.doi.org/10.1177/17539447221108817
http://dx.doi.org/10.1007/s10741-016-9584-1
http://dx.doi.org/10.1152/advan.00078.2011
http://dx.doi.org/10.1152/advan.00078.2011
http://dx.doi.org/10.3389/fcvm.2021.734278
http://dx.doi.org/10.3389/fcvm.2021.734278
http://dx.doi.org/10.1080/14017430510035844
http://dx.doi.org/10.1016/j.bja.2017.10.020
http://dx.doi.org/10.1136/bmjopen-2020-038825
http://dx.doi.org/10.1177/2047487319852711
http://dx.doi.org/10.1249/00005768-199104000-00003
http://dx.doi.org/10.1249/00005768-199104000-00003
http://dx.doi.org/10.1046/j.1365-201x.2000.00713.x
http://dx.doi.org/10.1098/rsta.2011.0230
http://dx.doi.org/10.1016/j.ejvs.2021.02.008
http://bmjopen.bmj.com/


10 Lanzi S, et al. BMJ Open 2024;14:e081883. doi:10.1136/bmjopen-2023-081883

Open access 

 60 Paulino Geisel P, Pantuso Monteiro D, de Oliveira Nascimento I, 
et al. Evaluation of functional capacity and muscle metabolism in 
individuals with peripheral arterial disease with and without diabetes. 
J Vasc Surg 2022;75:671–9. 

 61 Malatesta D, Canepa M, Menendez Fernandez A. The effect of 
treadmill and Overground walking on preferred walking speed and 
gait Kinematics in healthy, physically active older adults. Eur J Appl 
Physiol 2017;117:1833–43. 

 62 Dadashi F, Mariani B, Rochat S, et al. Gait and foot clearance 
parameters obtained using shoe- worn inertial sensors in a large- 
population sample of older adults. Sensors 2014;14:443–57.

 63 Mariani B, Hoskovec C, Rochat S, et al. 3d gait assessment in young 
and elderly subjects using foot- worn inertial sensors. J Biomech 
2010;43:2999–3006. 

 64 Birkett ST, Harwood AE, Caldow E, et al. A systematic review of 
exercise testing in patients with intermittent Claudication: a focus on 
test Standardisation and reporting quality in randomised controlled 
trials of exercise interventions. PLoS One 2021;16:e0249277. 

 65 Ats Committee on proficiency standards for clinical pulmonary 
function laboratories. ATs statement: guidelines for the six- minute 
walk test. Am J Respir Crit Care Med 2002;166:111–7. 

 66 Bean JF, Kiely DK, LaRose S, et al. Is stair climb power a clinically 
relevant measure of leg power impairments in at- risk older adults? 
Arch Phys Med Rehabil 2007;88:604–9. 

 67 Bennell K, Dobson F, Hinman R. Measures of physical performance 
assessments: self- paced walk test (SPWT), stair climb test (SCT), 
six- minute walk test (6Mwt), chair stand test (CST), timed up & go 
(TUG), sock test, lift and carry test (LCT), and car task. Arthritis Care 
Res (Hoboken) 2011;63 Suppl 11:S350–70. 

 68 Lanzi S, Pousaz A, Calanca L, et al. Time- course evolution of 
functional performance during a 3- month supervised exercise 
training program in patients with symptomatic peripheral artery 
disease. Vasc Med 2023;28:404–11. 

 69 Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical 
performance battery assessing lower extremity function: association 
with self- reported disability and prediction of mortality and nursing 
home admission. J Gerontol 1994;49:M85–94. 

 70 Ware JE, Sherbourne CD. The MOS 36- item short- form health survey 
(Sf- 36). I. conceptual framework and item selection. Med Care 
1992;30:473–83.

 71 Coyne KS, Margolis MK, Gilchrist KA, et al. Evaluating effects of 
method of administration on walking impairment questionnaire. J 
Vasc Surg 2003;38:296–304. 

 72 Aadland E, Ylvisåker E. Reliability of the Actigraph Gt3X+ 
accelerometer in adults under free- living conditions. 
2015;10:E0134606. PLoS One 2015;10:e0134606. 

 73 Prince SA, Reed JL, Mark AE, et al. A comparison of accelerometer 
cut- points among individuals with coronary artery disease. PLoS One 
2015;10:e0137759. 

 74 van Buuren S. Multiple imputation of discrete and continuous 
data by fully conditional specification. Stat Methods Med Res 
2007;16:219–42. 

 75 van Buuren S. Flexible imputation of missing data. In: Flexible 
Imputation of Missing Data. Boca Raton, FL: Chapman & Hall/
CRC, 2012. Available: https://www.taylorfrancis.com/books/ 
9781439868256

M
edecine. P

rotected by copyright.
 on A

pril 19, 2024 at B
ibliotheque C

entre D
e D

oc D
e La F

aculte D
e

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2023-081883 on 17 A
pril 2024. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.jvs.2021.08.082
http://dx.doi.org/10.1007/s00421-017-3672-3
http://dx.doi.org/10.1007/s00421-017-3672-3
http://dx.doi.org/10.3390/s140100443
http://dx.doi.org/10.1016/j.jbiomech.2010.07.003
http://dx.doi.org/10.1371/journal.pone.0249277
http://dx.doi.org/10.1164/ajrccm.166.1.at1102
http://dx.doi.org/10.1016/j.apmr.2007.02.004
http://dx.doi.org/10.1002/acr.20538
http://dx.doi.org/10.1002/acr.20538
http://dx.doi.org/10.1177/1358863X231191908
http://dx.doi.org/10.1093/geronj/49.2.m85
http://www.ncbi.nlm.nih.gov/pubmed/1593914
http://dx.doi.org/10.1016/s0741-5214(03)00312-4
http://dx.doi.org/10.1016/s0741-5214(03)00312-4
http://dx.doi.org/10.1371/journal.pone.0134606
http://dx.doi.org/10.1371/journal.pone.0137759
http://dx.doi.org/10.1177/0962280206074463
http://dx.doi.org/10.1201/b11826
http://dx.doi.org/10.1201/b11826
https://www.taylorfrancis.com/books/9781439868256
https://www.taylorfrancis.com/books/9781439868256
http://bmjopen.bmj.com/

	Short-duration aerobic high-intensity intervals versus moderate exercise training intensity in patients with peripheral artery disease: study protocol for a randomised controlled trial (the Angiof-HIIT Study)
	Abstract
	Introduction
	Aims

	Methods and analysis
	Study design
	Study setting
	Eligibility criteria
	Study recruitment and procedures
	Intervention
	Block periodisation and training load
	HIIT group
	MOD group
	Randomisation
	Sample size calculation
	Outcome measures
	Primary outcome
	Secondary outcomes

	Measures
	Cardiorespiratory fitness
	Graded treadmill test
	Muscle oxygenation
	Functional performance
	Preferred walking speed and gait analysis
	Six-minute walking test
	Ascending and descending stair performance
	Short Physical Performance Battery
	Unipedal stance test
	30 and 60 s repeated sit-to-stand chair test
	Health-related quality of life and self-perceived walking abilities
	Physical activity
	Haemodynamic assessment and physical characteristics

	Data collection and management
	Statistical analyses
	Patient and public involvement
	Ethics and dissemination

	References


