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“If you can’t measure something, you can’t understand it. If you can’t understand it, you can’t control
it. If you can’t control it,
you can’t improve it.”’

H. James Harrington (1929-)
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ABSTRACT

Introduction. Supervised exercise is a guideline recommendation in patients with intermittent
claudication (IC). As the availability of supervised exercise varies, interest has turned to the more
accessible home-based exercise programmes. However, the reported effects of home-based exercise
programmes are inconsistent and there are knowledge gaps in terms of studies evaluating effectiveness
of both supervised and home-based exercise programmes over longer time periods as compared to
unsupervised walk advice (WA) alone. There is also a need to evaluate health-related quality of life
(HRQoL) and daily physical activity during an exercise intervention. Walk tests are important for the
objective assessment of walking ability, but the measurement properties of the 6-minute walk test have
scarcely been studied in IC.

The overall aim of this thesis was to evaluate the effectiveness of unsupervised WA alone or in
combination with a hospital-based supervised exercise programme (SEP) or a home-based structured
exercise programme (HSEP) on walking ability, muscle endurance, HRQoL, self-reported physical
function and daily physical activity and to study the test-retest reliability and agreement of the 6-minute
walk test in patients with IC.

Methods. Papers I-1II originate from the SUNFIT trial (Supervised or UNsupervised exercise training
For Intermittent claudication), a three-armed, multi-centre, randomised clinical trial including patients
with IC. Papers I-111 aimed to evaluate the effectiveness of an SEP, HSEP and WA on: I) walking ability
and muscle endurance, II) generic (Short-Form 36 (SF-36) and disease-specific (Vascular Quality of life
Questionnaire (VascuQoL) HRQoL and self-reported physical function and III) daily physical activity
assessed with an accelerometer. Paper IV was a reliability and agreement study of the first 100 patients
who enrolled the SUNFIT trial at Sahlgrenska University Hospital and performed the 6-minute walk
test twice at baseline.

Main results. A total of 166 patients with IC (mean age: 72.1 (SD 7.4) years, 41% women) were
included in Papers I-III. Paper I confirmed that an HSEP was non-inferior to an SEP, but that none of
these interventions was significantly better than WA alone. In Paper II, no significant between-group
differences were observed over time in generic HRQoL, while significant between-group differences
were observed in disease-specific HRQoL in for example: at one-year in the domain Social (non-
significant post hoc tests) and at six months in Summary score (favour SEP vs. WA) and in the domain
Pain (favour SEP vs. both HSEP and WA). A significantly higher proportion of patients in the SEP
reached the minimally important difference threshold for improvement in the VascuQoL Summary score
at one year. Paper Il showed no significant between-group differences at one year in any of the
outcomes of accelerometer-measured physical activity. Paper IV demonstrated that the 6-minute walk
test has excellent test-retest reliability, with a minimal detectable change at 46 m.



Conclusions. An HSEP was shown to be non-inferior to an SEP, but no significant differences were
observed at one year between an HSEP, SEP and WA, in terms of the 6-minute walk test maximum and
pain-free walking distance, muscle endurance or daily physical activity. In the VascuQoL, a few of the
domains and Summary score reached a significant between-group differences over time and a
significantly higher proportion of patients in the SEP reached the minimally important difference
threshold for improvement in the VascuQoL Summary score at one year. This study is limited by low
exercise adherence to the HSEP and SEP. As such, there is a need for future studies to assess the optimal
exercise intervention to improve outcomes in this population. The 6-minute walk test has excellent test-
retest reliability in patients with IC and can be recommended for use in clinical patient evaluation and
as an important endpoint in clinical trials.

Keywords: accelerometry, Nordic walking, peripheral artery disease, quality of life, reproducibility of
result, walk test
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SAMMANFATTNING PA SVENSKA

Bakgrund: Internationella riktlinjer rekommenderar handledd fysisk trédning for patienter med
claudicatio intermittents (CI). Eftersom tillgéngligheten till denna trdningsform é&r 1&g har intresset for
att utvéirdera de mer tillgéngliga strukturerade hembaserade traningsprogrammen Okat. Dock &r de
rapporterade effekterna fran studier pd hembaserad fysisk tréning inkonsekventa och det finns flera
kunskapsluckor. Det saknas studier som utvérderar effekten av bdde handledd och hembaserad fysisk
trining Over langre tid samt som dessutom jamfor de tva traningsuppliaggen med ytterligare en grupp,
som enbart far rdd om att g& ut och gé. Fler kunskapsluckor i samband med tréning géller behovet att
utvdrdera hélsorelaterad livskvalitet och daglig fysisk aktivitet. Dessutom, for att objektivt bedéma
gangformaga hos patienter med CI, dr gangtest viktiga. Dock &r métegenskaperna hos sex-minuters
gangtest daligt studerade hos patienter med CI.

Det vergripande syftet med denna avhandling var att utvérdera effekterna av gangrad eller, gangrad i
kombination med sjukhusbaserad handledd fysisk trining eller hembaserad strukturerad fysisk tréning.
De studerade utfallsmétten var gangforméaga, muskeluthallighet, hélsorelaterad livskvalitet,
patientrapporterad fysisk funktion och daglig fysisk aktivitet. Avhandlingen syftade dven att studera
test-retest reliabilitet och 6verensstimmelse hos sex-minuters gangtest for patienter med CIL.

Metod: Delarbete I-11I baseras pdA SUNFIT-studien (Supervised or UNsupervised exercise training For
Intermittent claudicaTion), som var en trearmad, multicenter, randomiserad klinisk studie som
inkluderade patienter med CI. Delarbete I-I1I syftade till att utvérdera effekterna av gangrad, gangrad +
sjukhusbaserad handledd fysisk trdning och gangrad + hembaserad strukturerad fysisk tréning pa: I)
gangformaga (sex-minuters gangtest) och muskeluthéllighet, IT) generisk (SF-36) och sjukdomsspecifik
(VascuQoL) hilsorelaterad livskvalitet och patientrapporterad fysisk funktion och III) daglig fysisk
aktivitet métt med en accelerometer. Delarbete IV studerade test-retest reliabilitet hos sex-minuters
gangtest genom att 1ata de forsta 100 patienterna som rekryterades till SUNFIT-studien vid Sahlgrenska
Universitetssjukhuset, utfora 6-minuters gangtest tva ganger vid baslinjen.

Resultat: Sammanlagt inkluderades 166 patienter med CI (medelalder: 72,1 (SD 7,4) ar, 41% kvinnor)
i SUNFIT-studien. De tre grupperna var lika vid baslinjen. Delarbete I bekriftade att hembaserad
strukturerad fysisk traning inte var sdmre @n sjukhusbaserad handledd fysisk trédning, men att ingen av
dessa traningsinterventioner var signifikant bittre 4n gruppen som enbart fick gangrad. I delarbete 11
observerades inga signifikanta skillnader mellan de tre grupperna, avseende SF-36 eller
patientrapporterad fysisk funktion. Signifikanta skillnader mellan grupperna observerades i VascuQoL.
(VascuQoL bestar av fem doméner (aktivitet, smérta, emotionellt, social och symtom) samt en
summerad poédngskala.) Bland annat observerades signifikanta skillnader: vid ett ar i social (dock var
post-hoc testerna ickesignifikanta) samt vid sex manader i den summerade podngskalan (med fordel
sjukhusbaserad handledd traning vs. gangrad) och i smérta (med fordel sjukhusbaserad handledd traning
jamfort med bade hembaserad strukturerad trdning och gangrad). Delarbete I1I visade inga signifikanta
skillnader mellan de tre grupperna i daglig fysisk aktivitet vid ett ar. Delarbete IV visade att sex-minuters
géangtestet har utmarkt test-retest reliabilitet och en minsta detekterbar forédndring pa 46 m.

Slutsats: Hembaserad strukturerad fysisk trining visade sig inte vara sémre dn sjukhusbaserad handledd
fysisk traning for patienter med CI. Det fanns inga signifikanta skillnader vid ett ar mellan hembaserad
strukturerad fysisk trédning, sjukhusbaserad handledd fysisk tréning eller gruppen som enbart fick
gangrad, nir det géller maximal eller smértfri gangstracka vid sex-minuters gangtest, muskeluthéllighet
eller daglig fysisk aktivitet. I sjukdomsspecifik hdlsorelaterad livskvalitet observerades en signifikant
skillnad mellan grupperna hos négra av doménerna och den summerade poéngskalan 6ver tid. Denna
studie begrinsas av 1ag foljsambhet till de bada tranings-interventionerna och framtida studier behdver
utvirdera vilken som &r den optimala tréningsmodellen for den hér patientgruppen. Sex-minuters
gangtest har utmérkt test-retest reliabilitet for patienter med CI och kan rekommenderas for att utviardera
gangstricka bade i klinik och som ett viktigt utfallsmatt i kliniska studier.
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6MWT
ABI
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IC
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HSEP
HRQoL
MDC
PAD
PROM
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SEM
SEP
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VascuQoL
WA

WIQ

Six-Minute Walk Test

Ankle-Brachial Index

Frequency, Intensity, Type, Time, Volume and Progression
Intermittent Claudication

Intra-class Correlation Coefficient

Home-Based Structured Exercise Programme
Health-Related Quality of Life

Minimal Detectable Change

Peripheral Artery Disease

Patient-Reported Outcome Measurements
Patient-Specific Functional Scale

Standard Error of Measurement

Hospital-based Supervised Exercise Programme
Short-Form 36

Supervised or UNsupervised exercise training For
Intermittent claudicaTion

Vascular Quality of life Questionnaire
Walk Advice

Walking Impairment Questionnaire
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DEFINITIONS IN SHORT

Agreement

Exercise

Exercise adherence

Health-related quality
of life

Home-based
structured exercise

Intermittent
claudication

Intraclass correlation
coefficient

Minimal detectable
change

Non-inferiority trial

Physical activity

Physical fitness

The degree to which scores or ratings are identical (1)

Physical activity that is planned, structured, repetitive, and
purposive to improve or maintain components of physical
fitness (2)

The extent to which a patient acts in accordance with the
advised interval, exercise dose, and exercise dosing
regimen (3)

Can be described as a multidimensional concept that
includes domains related to physical, mental, emotional,
and social functioning and focuses on the impact that
health status has on quality of life (4)

Self-directed exercise with guidance from a qualified
healthcare provider (a physiotherapist in the Swedish
setting), that takes place in a personal setting (5)

Exertional calf pain that does not begin at rest, does not
resolve during walking activity, but resolves within 10
minutes of rest (6)

Reflects the average correlation between all possible
ordering of pairs and varies from 0 to 1, where 1
corresponds to perfect reliability (7)

The extent to which a significant change in an individual’s
status is reflected in the observed values of a test (8)

To evaluate a new treatment against an accepted and
effective treatment with the goal of demonstrating that the
new treatment is at least almost as good (not inferior) i.e.
within a pre-determined acceptable non-inferiority margin

(€))

Any bodily movement produced by skeletal muscles that
results in energy expenditure (2)

A set of attributes that people have or achieve which
consists of skill-related and health-related fitness. Skill-
related fitness includes: agility, balance, coordination,



Physical function

Standard error of
measurement

Structured exercise
programme

Supervised exercise

Test-retest reliability

speed, power and reaction time. Health-related fitness
includes:  cardiorespiratory  endurance, = muscular
endurance, muscular strength, body composition and
flexibility (2)

The capacity of an individual to carry out the physical
activities of daily living. Physical function reflects motor
function and control, physical fitness, and habitual
physical activity (10)

Describes the within-subject variability attributable to
repeated measurements and is an indication of the
precision of a score and is calculated with the confidence
interval (11)

Planned programme that provides individualised
recommendations for type, frequency, intensity, and
duration of exercise and recommendations for progression
so that the body is consistently challenged to increase
intensity as functional status improves over time. There are
two types of structured exercise programme for patients
with intermittent claudication: Supervised exercise and
Home-based structured exercise (5)

Exercise directly supervised by a qualified healthcare
provider (a physiotherapist in the Swedish setting), that
takes place in hospital or at an outpatient facility (5)

A method used to establish whether a test is capable of
measuring a variable with consistency, meaning that
repeated measurement should produce the same results
when the testing conditions remain unchanged (8)

vi
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1 INTRODUCTION

The Latin word claudicare, means “to limp” and is the term from which
claudication originates. The history of claudication began in 1831 and it was
then primarily described in horses by a French veterinarian (12). In 1846,
Brodie described classical claudication in humans (13). In 1858, the French
neurologist Charcot introduced the term and diagnosis of intermittent
claudication (IC) in patients (14). Intermittent claudication is the most
common symptom in peripheral artery disease (PAD) and IC is consistently
induced by exercise (usually walking) causing fatigue, discomfort, cramping,
or pain of vascular origin in the muscles of the lower extremities (5) and thus
limit walking ability in this patient population (15).

The early treatment recommendations in patients with IC included bedrest and
the avoidance of physical activity (16). This approach had changed by 1966
when Larsen and Lassen (17) conducted the first exercise study in patients with
IC. The exercise intervention consisted of six months of daily one-hour
intermittent walking until maximum leg pain was experienced. The result
showed positive effects on walking ability in the exercise group as compared
with control treated with placebo tablets. In Sweden, one of the first hospital-
based supervised exercise (SEP) studies was conducted in 1974 by Dahllof et
al. (18). Patients with IC were randomised to either an intervention that
received an SEP or to control treated with placebo tablets. The exercise
programme included dynamic leg exercise and was performed for 30 min,
three times a week for six months. The exercise group showed increased
walking ability as compared with control and the observed walking
improvements correlated with metabolic activity of the skeletal muscle and not
blood flow. Over the years, a great deal of research on the effects of exercise
on IC limping symptoms has been conducted, resulting in strong evidence of
the efficacy of SEP. Today, supervised exercise is regarded as a cornerstone in
IC treatment and is a guideline recommendation for patients with IC for
improving walking ability and physical function (5, 19).
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1.1 ATHEROSCLEROSIS

Atherosclerosis is an endothelial systemic arterial disease that forms the
common underlying pathophysiology for important cardiovascular health
problems such as coronary artery disease, PAD and cerebrovascular/carotid
artery disease (20). Briefly, deposits of lipid, inflammatory cells, fibrous
elements and subsequent calcification within the vessel wall of large and
medium-sized arteries lead to the progressive formation of atherosclerotic
plaques that may in turn cause narrowing of the arterial lumen (21) hindering
blood flow and ultimately leading to tissue ischaemia (22). Established
atherosclerotic plaques may also become unstable, with the rupture of the
fibrous cap and subsequent exposure of the underlying lipid-rich core, leading
to the activation of the coagulation cascade. These unstable plaques may thus
cause an acute arterial occlusion and are the underlying cause of severe
cardiovascular complications such as myocardial infarction, ischaemic stroke,
acute limb ischaemia and cardiovascular death. Cardiovascular diseases
remain the worldwide leading cause of death (22, 23).

The progress of atherosclerosis is often slow, may affect several arterial beds
and most people remain asymptomatic for years. The clinical presentation of
atherosclerosis can be acute or chronic and differs depending on the affected
vascular bed. When atherosclerosis affects the peripheral arteries, it can cause
IC but also lower limb ulceration or even gangrene with a high risk of lower
limb amputation (22).

There are several risk factors for developing atherosclerosis, they include an
unhealthy diet, physical inactivity, dyslipidaemia, hyperglycaemia,
hypertension, obesity, male gender, and age. Moreover, smoking is an
independent and powerful risk factor for atherosclerosis. The chemical smoke
components have high oxidative and inflammatory potentials that immediately
cause damage to the endothelium and initiate an inflammatory response (21).

The prognosis of atherosclerosis can be improved through primary and
secondary prevention that include appropriate lifestyle changes and different
pharmacotherapies that lower the risk of thrombotic complications and/or
target the aforementioned modifiable risk factors (22).
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1.2 PERIPHERAL ARTERY DISEASE AND
INTERMITTENT CLAUDICATION

Definition

Peripheral artery disease is primarily caused by atherosclerotic stenosis or the
occlusion of the arteries that supply the lower extremities (24). The severity of
PAD ranges from being asymptomatic, to IC and at the most severe end of the
clinical spectrum, chronic limb-threatening ischaemia with rest pain, ulcers
and/or gangrene that may lead to lower limb amputation (25). The clinical
stages of PAD can be classified using the Rutherford classification, presented
in Table 1 (26). Importantly, while most individuals with PAD remain
asymptomatic, IC is the most common and often the first clinical PAD
symptom (24). Intermittent claudication is defined as exertional calf pain that
does not begin at rest, does not resolve during walking activity, and resolves
within 10 minutes of rest (6). Intermittent claudication can be unilateral or
bilateral and occurs in the buttock, thighs or calves depending on the location
of arterial obstruction (24), but the intensity of the symptoms may differ
between patients who have a comparable level of disease progression (19). The
severity of IC (Table 1) can be related to walking ability and can be further
evaluated using a standardised treadmill walking test. Patients qualify as
having severe claudication if they are unable to complete five minutes of
treadmill walking, as a result of IC-related pain (26).

Table 1. The Rutherford classification of the clinical stages of PAD (26)

Category Symptoms

0 Asymptomatic

1 Mild claudication

2 Moderate claudication

3 Severe claudication

4 Ischemic rest pain

5 Minor tissue loss

6 Major tissue loss
Prevalence

Peripheral artery disease is a major global health challenge and, in 2015, the
prevalence of PAD was approximately 6 % (> 230 million), in people aged
> 25 years (27). An increasing trend in the prevalence of PAD is to be expected
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in future decades, due to the continuing ageing process. In low- and middle-
income countries, women run a statistically higher risk of developing PAD
than men, but, in high-income countries, no significant gender difference in
the prevalence of PAD is observed (27). In Sweden, the prevalence of PAD
and IC among individuals aged 60 to 90 years was 18% and 7% respectively
in 2007 (median age 71 years) (28). About a third of patients with PAD have
symptoms of IC (5).

Pathogenesis

In PAD, complex mechanisms cause IC and involve reduced limb perfusion,
systemic inflammation, vascular dysfunction, impaired angiogenesis,
decreased microcirculatory flow and skeletal muscle dysfunction (29). One
key mechanism of the walking limitation in IC is the reduced blood flow and
oxygen delivery to the working muscle in the leg(s) that leads to muscle
ischaemia while walking. In the longer term, the pathophysiological muscle
responses lead to tissue damage, endothelial dysfunction and muscle metabolic
abnormalities that further reduce exercise capacity (20). In response to the
ischaemia, collateral arteries may expand to provide alternative blood flow
around the affected artery. This early compensatory mechanism is known as
arteriogenesis (30).

Co-morbidities and risk factors

Peripheral artery disease is associated with an increased risk of coronary and
cerebrovascular disease morbidity and mortality (31). Advanced age, smoking
(current and former), hypertension, diabetes mellitus, coronary heart disease,
stroke, increasing waist circumference and high circulating levels of the
inflammatory marker C-reactive protein (CRP) increase the risk of developing
PAD (27). Smoking at least doubles the risk of developing PAD as compared
with non-smokers (31) and there is a strong dose-response relationship
between pack-years of smoking and the PAD risk (32). Smoking cessation is
associated with lower rates of cardiovascular ischemic events, the risk of
amputation and mortality in patients with PAD (5) and quit smoking may
significantly improve walking distance in patients with IC (33). Additionally,
it takes more than 20 years of smoking cessation to reduce the level of PAD
risk to that of individuals (men) who have never smoked (32). Hypertension is
strongly associated with PAD but the relative risk of developing PAD is less
for hypertension than for smoking or diabetes (25). The strongest risk factors
for IC are smoking, diabetes mellitus and advanced age (24). In patients with
diabetes mellitus, the risk of IC is about twice as high compared with those
without diabetes (25).
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Diagnosis

According to PAD guidelines, the clinical assessment for PAD includes an
evaluation of the patient’s medical history, a review of leg symptom, and a
physical examination that includes the palpation of lower extremity pulses and
the inspection of legs and feet (5, 19). In addition, the main diagnostic test for
PAD is the resting ankle-brachial index (ABI). The ABI is the ankle pressure
in each leg divided by the brachial pressure. Patients with an ABI of < 0.90 are
diagnosed with PAD. Patients with an ABI on the borderline of 0.91-0.99
should undergo further ABI testing during exercise. Values of > 1.40 are
abnormally high and indicate that the arteries could not be compressed during
measurements of ankle pressure due to media sclerosis (e.g. in diabetes
mellitus and/or advanced chronic kidney disease) (5, 19). A treadmill test can
also be used for objective functional assessment and to evaluate moderate
stenosis (19). Different protocols can be applied and the test ends when the
patient is unable to walk further because of maximum pain. This is the patient’s
maximum walking distance. A post-exercise ankle systolic blood pressure
decrease of > 30mmHg or a postexercise ABI decrease of > 20% are diagnostic
for PAD in the lower extremities (19). Moreover, patients with PAD who are
considered for revascularisation, duplex ultrasound, computed tomography
angiography (CTA), or magnetic resonance angiography (MRA) are
recommended carefully to evaluate the location, extent and severity of the
obstructive vascular lesion(s) (5, 19).

Treatment

The first-line treatment recommendations for patients with PAD, commonly
referred to as “best medical treatment”, include secondary preventive
cardiovascular risk factor management, of both optimal pharmacological
(lipid-lowering, antithrombotic, antihypertensive and antidiabetic drugs) and
non-pharmacological treatment, such as smoking cessation, a healthy diet,
weight loss and regular supervised exercise (19). Smoking cessation is an
especially important component in IC care (5, 19) and patients who continue
smoking should be advised to quit at every healthcare visit (5). In order to reach
high smoking cession efficacy, co-ordinated interventions that include both
non-pharmacological and pharmacological methods are recommended (5).
Patients with IC that are reasonably adherent to best medical treatment but
where the lower limb symptoms remain severely disabling, are potential
candidates for a revascularisation procedure. A large majority of such invasive
procedures are currently performed with minimally invasive endovascular
techniques (i.e., “balloon dilatation”; with or without stent placement). Open
procedures, such as surgical endarterectomy and lower limb bypass surgery,
are reserved for patients with extensive atherosclerotic obstructions that are not
suitable for endovascular treatment (5, 19).
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1.3 PHYSIOTHERAPY

Physiotherapy is a clinical practice and science with movement as a central
concept. The objective of physiotherapy is to promote health and reduce illness
and suffering. Physiotherapy also aims to maintain or regain optimal
movement and functional capacity and participation in the social life of people
affected by illness or injury (34). Physiotherapists work in the health fields of
promotion, prevention, treatment/intervention, and rehabilitation. By looking
at physical, psychological, emotional and social wellbeing, physiotherapists
help people enhance their quality of life (35). Physiotherapists can also play a
significant role in patients with IC in prescribing exercise and promoting
physical activity but within Swedish practice, exercise is underutilised in this
patient population and only a few patients with IC are referred to a
physiotherapist.
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1.4 PHYSICAL ACTIVITY AND EXERCISE

Physical activity is any bodily movement produced by skeletal muscles that
results in energy expenditure (2). Physical activity guidelines for the adult
general population (including adults with chronic health conditions or
disabilities) consist of 150-300 minutes weekly of moderate-intensity, or 75-
150 minutes weekly of vigorous-intensity aerobic physical activity, or a
combination thereof, for substantial health benefits (36). For additional health
benefits, adults should also perform muscle-strengthening activities on at least
two days a week. When adults with chronic conditions or disabilities are not
able to comply with the guidelines of physical activity, they should engage in
regular physical activity according to their abilities and avoid inactivity. The
guidelines for physical activity include the suggestion that some physical
activity is better than none and that adults should sit less and move more (36).

Exercise is a subset of physical activity that is planned, structured, repetitive,
and purposive to improve or maintain the components of physical fitness (2).
Physical fitness is a set of attributes that people have or achieve and it consists
of skill-related and health-related fitness. Skill-related fitness includes agility,
balance, coordination, speed, power and reaction time. Health-related fitness
includes cardiorespiratory endurance, muscular endurance, muscular strength,
body composition and flexibility (2). There are five general principles of
exercise that can be applied to all forms of exercise (37), presented in Table 2.

Table 2. The general principles of exercise (37)

Individuality  The body’s response to exercise is largely determined by heredity.

Specificity Exercise adaptations are specific to the type, intensity and duration of
exercise.

Reversibility  “Use it or lose it” if exercise is stopped, the improved performance will
eventually be lost.

Progressive It is necessary systematically to increase the demands on the body to
overload promote continued improvement.

Variation In order to maximise the effectiveness of exercise, aspects of volume and/or
mode of the programme should be changed over time.
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Prescribing exercise requires a basic knowledge of physiological responses to
exercise, along with an understanding of the concepts and characteristics of
physical activity. Six basic factors are involved when prescribing exercise:
frequency, intensity, time or duration, type or mode, volume and progression
and these are abbreviated to FITT-VP (37) and are presented in Table 3.

Table 3. Six basic factors when prescribing exercise

Factor Brief description

Frequency Exercise frequency is usually expressed as the number of exercise
sessions a week (37).

Intensity Exercise intensity can be monitored and expressed as absolute and
relative intensity. Absolute intensity is the amount of energy
expended during the exercise and is commonly expressed in kcal/min
or the metabolic equivalent (MET). Relative intensity is determined
based on an individual’s maximum (peak) effort and can be
prescribed as a percentage of maximum aerobic capacity (VO.max),
for example, or estimated using Borg's rating of perceived exertion
(RPE) scale rate (37).

Time or duration Described as weeks or months of exercise programme, days/week,
exercise sessions/day, duration of exercise in minutes or hours (38).

Type or mode For example aerobic training (continuous or interval) including
cardiorespiratory endurance activities such as walking, running,
cycling and swimming and resistance training (37).

Volume Commonly described in MET-minutes or kcal expended per week and
is related to exercise intensity, frequency and duration (37).

Progression May involve changing one or several of the basic factors and must be
individualised since the rate of progress is individually variable (37).
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1.5 EXERCISE IN INTERMITTENT
CLAUDICATION

Exercise recommendations

In the guidelines of the European Society of Cardiology (ESC) (19) and the
American College of Cardiology/American Heart Association (ACC/AHA)
(5), supervised exercise is recommended in patients with IC. When supervised
exercise is not feasible or available, unsupervised exercise should be
considered (5, 19). In addition to exercise being supervised or unsupervised,
other modes of exercise, including cycling, upper body ergometry, and pain-
free or low-intensity walking should be regarded as being beneficial to improve
walking ability and physical function in patients with IC (5).

There are two types of structured exercise programmes in patients with IC:
supervised exercise programmes (SEP) and home-based structured exercise
programmes (HSEP). Both programmes are planned and provide
individualised recommendations for the type, frequency, intensity, and
duration of exercise and recommendations for exercise progression. As
physical fitness improves over time, the exercise progression aims to ensure
that the body is consistently challenged to increase exercise intensity and
levels (5).

Supervised exercise programmes take place in a hospital or outpatient clinic
and are supervised by a qualified healthcare provider (physiotherapist in the
Swedish setting). Supervised exercise programmes for IC are recommended to
be performed in sessions of 30-45 min, at least three times/week for at least 12
weeks. The exercise programme includes intermittent bouts of walking to
moderate-to-maximum claudication, alternating with periods of rest. A warm-
up and cool-down period starts and ends the SEP (5).

Home-based structured exercise programmes take place in a personal setting,
in the patients’ homes or in the community, and are self-directed with the
guidance of a qualified healthcare provider (physiotherapist in the Swedish
setting), who prescribes an exercise regimen similar to the supervised exercise
programme. Instructions are given on how to maintain and progress the dose
of the exercise programme and individual face-to-face meetings are arranged
between patient and healthcare provider. Health coaching or the use of activity
monitors are examples of techniques that may be incorporated for behavioural
change (5).

Modes of exercise
The most extensively studied SEPs have used intermittent bouts of walking
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exercise to moderate IC pain and are currently regarded as the most efficacious
form of exercise to improve walking ability in patients with IC (16).
Additionally, the majority of studies investigating SEP in IC involve treadmill
walking exercise. Since the 1990s, treadmill-based SEP, evaluated with graded
treadmill testing, have been shown to be persistently successful in increasing
walking ability in patients with IC (4). For this reason, treadmill exercise can
be regarded as the primary exercise modality in IC (39). Protocols of treadmill-
based SEP comprise intermittent bouts of walking exercise to moderate to
moderately-severe discomfort, followed by short periods of rest until the
symptoms disappear (4). However, several more recent studies indicate that
improvement can be achieved even without pain or mild pain (16).

In 2020, Jansen et al. (40), included ten RCTs in the Cochrane review that
evaluated treadmill-based SEP versus other modes of exercise. The alternative
modes of exercise were supervised and included lower-extremity resistance
training, upper-arm ergometry, cycling, Nordic pole walking and combinations
of walking and lower-extremity resistance training. Based on the low quality
of evidence, no clear differences were observed between the alternative
exercise modes and treadmill-based SEP, regarding maximum and pain-free
walking distance, after twelve weeks of intervention, evaluated with treadmill
testing (40).

Moreover, Nordic pole walking immediately enables patients with IC to walk
further, with less leg pain, despite greater cardiopulmonary effort (41). It has
been shown that in patients with IC who performed two treadmill tests, one
including Nordic poles and one test of traditional treadmill walking, both the
pain-free and maximum walking distance significantly improved, by 53 m and
approximately 80 m respectively when using Nordic poles. Nordic pole
walking is therefore suggested as a useful exercise strategy for improving
cardiovascular fitness for patients with IC (41). Additionally, in a systematic
review and meta-analysis of Nordic pole walking, Golledge et al.(42) included
five clinical trials (n = 296 patients with PAD) and compared a wide range of
control groups (including treadmill SEP, traditional walking or best medical
treatment with no exercise). The main finding was that Nordic pole walking
did not appear to have a significant benefit over treadmill SEP in improving
walking ability. However, a significant improvement was found in home-based
structured Nordic pole walking when compared with control receiving home-
based traditional walking (42).

Exercise safety

The risk of complications during SEP is judged to be low in patients with IC
(43). In a review, six cardiac events (including cardiac arrythmia, chest pain,

10



Anna Sandberg

cardiac arrest and myocardial infarction) were reported during > 80,000
patient-hours of SEP (of mostly treadmill exercise), giving an event rate of one
per 13,788 hours of SEP (43). Moreover, HSEP is also regarded as a safe
exercise arrangement in patients with IC (44). A systematic review reported
that the cardiac event rate during HSEP was one per 49,270 patient-hours of
HSEP. The cardiac events in the systematic review included myocardial
infarction, cardiac arrythmia and chest pain (44). One possible explanation of
the low event rate in HSEP is that an HSEP is often performed at a self-selected
pace (regardless of prescribed intensity) (44).

Exercise in earlier to current research on intermittent claudication

Over the years, a significant number of IC-exercise studies have been
conducted worldwide, demonstrating benefits from exercise on walking
distance (16). In 1994, Hiatt et al. (45) conducted the first three-armed exercise
study of IC and compared three months of treadmill SEP, supervised resistance
training and non-exercise control. At three months, the treadmill SEP group
increased its treadmill maximum walking distance by 74 = 58%, the supervised
resistance training group by 36 + 48% while no change was observed in the
control group. After the first three months, patients in the treadmill SEP
continued with the same exercise arrangement, patients in the supervised
resistance training group started three months of treadmill SEP instead, and
patients in the control group participated in a three-month combined
programme of resistance and treadmill SEP. After three months of resistance
training, the combined resistance and treadmill SEP group and treadmill SEP
reported increases in treadmill maximum walking distance similar to those
observed after three months of treadmill SEP alone. The authors concluded
that six months of treadmill SEP should be regarded as an important treatment
option in patients with IC (45).

Furthermore, several systematic reviews have been published on this topic over
the years (40, 46-51). In 2017, Lane et al. (46) updated the Cochrane review
“Exercise for intermittent claudication” and concluded that there is high-
quality evidence in favour of SEP (including exercise programmes comprising
walking, skipping, running, and home-based therapies) in terms of improving
walking ability as compared with control (i.e. usual care, placebo or
medication) (46).

In previous research, no walking benefits were reported in unsupervised go
home and walk advice as compared with SEP (52). In a more recent RCT from
2013, McDermott et al. (53) evaluated six months of a home-based exercise
programme including cognitive behavioural therapy and compared it with non-
exercising control, in patients with PAD. They reported a significant increase
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in walking distance of approximately 50 m in the six-minute walk test (6MWT)
in the home-based exercise group as compared with control (53). In 2018,
Hageman et al. (47) published the updated Cochrane review “Supervised
exercise therapy versus home-based exercise therapy versus walking advice
for intermittent claudication”. This review included 21 RCTs that compared
SEP (including regimens of both treadmill and traditional walking exercise),
home-based walking exercise and walk advice. The review concluded that
there was moderate to high-quality evidence of improvement in maximum
walking distance/time in SEP compared with home-based walking
exercise and walking advice alone (47).

Assessment of walking ability in exercise intervention studies

In exercise intervention studies in patients with IC, standardised treadmill
walking test has traditionally been the most commonly used objective
assessment of walking ability. The most frequently used corridor test is the
6MWT (4) but the measurements properties are poor investigated in patients
with IC. As complements to the objective measurements, different
questionnaires, such as the Walking Impairment Questionnaire (WIQ), have
been used to evaluate walking ability in IC-exercise interventions (4).

Effects of exercise and physical mechanisms

The effects of walking exercise on lower extremity skeletal muscle in PAD
remain unclear. More specifically, reduced myofibre size and muscle mass are
seen in the calf muscles in PAD, but the effect of exercise on the calf muscles
is unclear. Moreover, the levels of reactive oxygen species (ROS) are high and
further associated with greater ischaemia in the lower extremities in PAD, but
the effect of exercise on ROS is unclear. In addition, as compared with
individuals without PAD, the mitochondrial function of the skeletal muscles in
PAD is reduced and an earlier study of the effects of supervised walking
exercise on improvements in mitochondrial oxidative capacity reported mixed
results. Further, there is no evidence that exercise significantly increases
capillary function in the gastrocnemius muscle in patients with PAD (54).
Additionally, there are several pofential mechanisms of the benefit of exercise,
such as an expansion of existing collateral vessels, improved structure of
myofibres, improved vasodilation of the microcirculation, improved skeletal
muscle regeneration, and improved hemorheology (24, 54). However, if
activities in daily life are compromised even with exercise intervention,
revascularisation should be considered (5, 19).

To summarise, the current evidence suggests that SEP should be recommended

to patients with IC. There is still a lack of evidence relating to HSEP and this
creates a knowledge gap in this patient population.
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1.6 ASSESSMENTS OF PHYSICAL ACTIVITY

Physical activity can be divided into four domains: leisure time, occupational,
transportation and activities in the household/garden (55). In clinical and
epidemiological research, physical activity can be measured using
subjective/patient-reported and objective methods. Self-administered
questionnaires, diaries and interviews are examples of patient-reported
methods (56). Pedometers and accelerometers are examples of objective
methods. One of the most commonly used methods in research is
accelerometry-based sensors. Accelerometers are based on continuous and
real-time measurement and sample body acceleration at a rate of 10-30 times/s
in the three planes; vertical, anteroposterior and media-lateral. Accelerometers
register the intensity and duration of the accelerations by converting the raw
data using manufacturer- and model-specific algorithms into meaningful
physical activity outcomes (57, 58), commonly expressed in energy
expenditure units such as metabolic equivalents (METs), or in activity intensity
categories, such as light, moderate and vigorous intensity physical activity
(58). One limitation of accelerometers is that they are not able accurately to
measure activities such as cycling, swimming or walking upstairs (58).

Furthermore, a daily step count and stepping cadence are other examples of
outcomes from accelerometers. In healthy older adults, 30 minutes of daily
moderate-to-vigorous physical activity accumulated in addition to usual daily
activities are the equivalent of taking approximately 7,000-10,000 steps/day
(59). Stepping cadence is an important variable because it can be used to
estimate walking speed and the rate of energy expenditure. In older adults
(aged 61-85 years), the cadence thresholds of 100, 110 and 120 steps/min are
associated with 3, 4 and 5 METs, respectively (= 3 to 6 METs = moderate
intensity) (60). Additionally, it is suggested that the fragmented walking
pattern described in patients with IC, is reflected in accelerometer-assessed
physical activity since individuals with IC had approximately 100 more
walking events on average per upright event than those without IC (61).

Physical activity as outcome in exercise studies in patients with

intermittent claudication

Assessments of physical activity have been used as a secondary outcome in
previous IC studies comparing HSEP with control (53, 62). In 2011,
Gardner et al. (63) conducted a three-armed RCT in which patients with IC
were randomised to three months of treadmill-based SEP, HSEP or control (no
exercise). The study included assessments of physical activity with step
activity monitor. The authors concluded that three months of HSEP appear to
be more efficacious in improving daily physical activity than SEP (63). In
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2014, Gardner et al. (64) continued with a follow-up study, with a less
frequently monitored HSEP intervention. The three study groups (n = 160)
consisted of: treadmill-based SEP, home-based walking exercise (intermittent
overground walking at a self-selected pace) and an attention-control group
with light resistance training (64). The exercise interventions were evaluated
after twelve weeks using the 6 MWT and accelerometer-assessed daily physical
activity, among other things. On average, patients in both exercise groups
completed approximately 80% of the exercise sessions. At twelve weeks, the
home-based walking exercise group significantly increased their 6MWT
maximum walking distance by 45 m as compared with both the SEP group (15
m) and the attention-control group (4 m). No significant between-group
differences were observed in terms of the daily step count at twelve weeks.
The authors concluded that the HSEP improved the quality of walking, since
the patients were able to walk more rapidly during the day, even though the
daily step count did not increase (64).

In addition, earlier research indicates that improved pain-free and maximum
walking distance after SEP does not necessarily lead to an increase in daily
physical activity in patients with IC (65). Moreover, only a few RCTs have
investigated the effect of concurrent IC-treatment options (SEP, HSEP,
control/usual care, endovascular revascularisation) on daily physical activity
and it remains unclear whether exercise interventions positively influence daily
physical activity (66). The need for future exercise RCTs to include assessment
of physical activity in patients with IC is also highlighted in systematic reviews
(40, 47).

To summarise, there is a knowledge gap in terms of studies evaluating SEP

and HSEP with assessments of physical activity with more than twelve weeks
of intervention and a long-term follow-up.
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1.7 ADHERENCE TO EXERCISE

Definition

According to the World Health Organisation (WHO), adherence is defined as
“the extent to which a person’s behaviour taking medication, following a diet
and/or executing lifestyle changes, corresponds with agreed recommendations
from a healthcare provider” (67). In medical literature, patients are regarded
as adherent if they take 80% of their prescribed medication (68). Additionally,
it is suggested that adherence to exercise is a more profound concept with
deeper roots in the patients’ behaviour and is more than just the percentage of
attended sessions or the number of dropouts (69). Exercise adherence can be
defined as “the extent to which a patient acts in accordance with the advised
interval, exercise dose and exercise dosing regimen” (3); this definition was
used in this thesis. Exercise adherence was further categorised into three
different levels (3):

a) Full adherence was considered in patients participating in
> 80% of the scheduled exercise sessions at the recommended
intensity according to Borg RPE rating and
> 30 minutes/session.

b) Partial adherence, patients attended > 20% to < 80% of
exercise sessions (irrespective of Borg RPE ratings).

¢) Non-adherence was defined as attendance at < 20% of
exercise sessions (irrespective of Borg RPE ratings).

Synonyms of adherence

In the literature, there are several definitions and synonyms of exercise
adherence (70). An older term that is used is compliance, which is defined as
“the extent to which the patients’ behaviour matches the prescriber’s
recommendations” (68). When comparing adherence with compliance,
compliance carries a negative and authoritative undertone of blaming the
patients if their behaviour does not meet with healthcare professionals’
recommendations (71). Moreover, exercise adherence can be confused with
other terms such as attendance or completion. Attendance is the number or
percentage of exercise sessions attended and could be regarded as a subset of
adherence, as well as being an important measurement in exercise. Completion
is defined as patients who are still attending the exercise intervention at follow-
up and excludes patient withdrawal (70). For instance, full completion can be
reported in a study, but adherence to the performed exercise is not reported and
it is therefore possible that patients only completed the intervention period but
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did not attend all the exercise sessions. On the other hand, full adherence can
be reported in a study, but perhaps only half the patients completed the entire
intervention. In both situations, exercise adherence can be falsely perceived
due to a lack of clear reporting (72).

Factors affecting exercise adherence

According to the WHO, there are several factors simultaneously that affecting
adherence to long-term therapies (67), see Table 4. These factors are reflected
in a systematic review that identified a broad range of enablers and barriers to
walking exercise in IC (73). Enablers were, for example, patient belief about
the potential benefits of walking, perceived improvement, pain-coping
strategies, goal setting and social/emotional/information support. Examples of
barriers to walking were comorbidity and medical conditions, age (> 65 years),
lack of IC-knowledge, walking limiting pain, lack of motivation and lack of
specific walk advice. A review further concluded that patients with IC have
different barriers to and enablers of walking exercise and that health-care needs
to adopt a patient-centred approach (73).

Table 4. Factors affecting adherence (67)

Factors Examples

Patient-related factors Disease knowledge and beliefs, motivation, treatment
expectations, resources, misunderstanding, stress

Disease characteristics Symptom severity, degree of disability, co-morbidities

Health-care team  and Weak capacity of the system to provide patient feedback,

system-related factors follow-up and education, for example. Overworked health-
care providers. Lack of knowledge of managing chronic
diseases in health care teams

Treatment-related factors Direct treatment benefits, side-effects, treatment duration,
frequent changes of prescriptions

Social and economic factors  Age, race
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1.8 PATIENT-REPORTED OUTCOME
MEASUREMENTS

Patient-reported outcome measurements (PROMs) can be described as an
umbrella term for self-rating instruments that measure concepts of health
status, health-related quality of life (HRQoL) and functional status in patients
with different medical conditions, for example (74). PROMs include self-
administered questionnaires and interviews and can be disease-specific or
generic (75). PROMs can be applied in different contexts, such as in clinical
trials for evaluating treatment effects and in clinical practice for screening and
monitoring patients’ symptoms, disabilities and in medical decision making
(76).

Health, health status and quality of life

The WHO defines health as “a state of complete physical, mental, and social
well-being and not merely the absence of disease or infirmity” (77). Health
status is defined as the influence of disease on physical, emotional and social
functioning (78). The WHO defines quality of life as “individuals’ perception
of their position in life in the context of culture and value systems in which they
live and in relation to their goals, expectations, standards and concerns” (79).

Health-related quality of life (HRQoL)

There is no established definition of HRQoL (80). Treat-Jacobson et al. (4)
describe HRQoL as “a multidimensional concept that includes domains related
to physical, mental, emotional, and social functioning and focuses on the
impact that health status has on quality of life”. The HRQoL concept overlaps
with health and quality of life and these three terms are often used
interchangeably in the literature (80).

Patient-reported outcome measurements in research on intermittent
claudication

Several different disease-specific PROMs are used in IC clinical research.
PROMs used in assessments of HRQoL in IC include the Intermittent
Claudication Questionnaire (ICQ) (81), the Peripheral Artery Questionnaire
(PAQ) (82) and the Vascular Quality of Life (VascuQoL) (83). PROMs of
assessments of functional status in IC include the Estimation of Ambulatory
Capacity by History-Questionnaire (EACH-Q) (84) and the Walking
Impairment Questionnaire (WIQ) (85). The most frequently assessed generic
PROMs in IC research are the Short-Form 36 (SF-36) (86-88) and the
EuroQoL-5D-3L (EQ-5D-3L) (89), with the SF-36 showing the most complete
and positive evidence in favour of use in an IC population (90).
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1.9 RATIONALE OF THIS THESIS

This thesis originates from the knowledge gaps that were discovered in a
Health Technology Assessment, which was published as a systematic review
in 2013 (48). In this systematic review, the effectiveness of HSEP was
compared with SEP or unsupervised “go home and walk” advice in outcomes
of walking ability and patient-reported disease-specific functional outcomes
and HRQoL in patients with IC. The results indicated a lack of high-quality
data on the efficacy of HSEP and the need for future well-designed RCTs in
order to establish the optimal exercise components for patients with IC were
suggested. Exercise programmes that lasts for > 12 weeks and also have a long-
term follow-up were scarce (48). To move forward, it is important to determine
whether SEP and HSEP have similar effects and if they are superior to a group
receiving an unsupervised walk advice (WA) alone. An HSEP is less time
consuming for patients as it does not require any traveling. If an HSEP is
shown to be non-inferior to an SEP, it may be a treatment alternative, provided
that both HSEP and SEP are superior to the WA group. Additionally, other
systematic reviews signify the importance of future exercise RCTs including
outcomes relating to HRQoL and physical activity (40, 47).

Moreover, in order objectively to evaluate walking ability in patients with IC,
different standardised walk tests, such as the treadmill test and corridor walk
test, are used in clinical research. Previous studies have shown that treadmill
walking tests, may not accurately reflect walking distances in daily life (91)
and that the G MWT better correlates to outdoor walking ability in patients with
IC (91-93). The measurement properties of the 6BMWT have, however, scarcely
been studied in IC.

To summarise the gaps of knowledge, studying exercise in both hospital- and
home-based settings, with a third arm receiving the best medical treatment
alone, with a more than three months of intervention period and a long-term
follow-up at one year with additional clinically important endpoints of
HRQoL, patient-reported physical function and physical activity in patients
with IC, was needed. This was the foundation, when designing the SUNFIT
trial (Supervised or UNsupervised exercise training For Intermittent
claudication).
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2 AIM OF THE THESIS

OVERALL AIM

The overall aim of this thesis was to evaluate the effectiveness of SEP, HSEP
and WA on walking ability, muscle endurance, self-reported physical function,
HRQoL and daily physical activity in patients with IC. The overall aim further
included studying the test-retest reliability and agreement of the 6MWT in
patients with IC.

The primary hypothesis of this thesis was that the effectiveness of HSEP is
non-inferior to SEP. The secondary hypothesis was that both HSEP and SEP
are superior to WA alone.

SPECIFIC AIMS

PAPER I: To evaluate the one-year effectiveness of six months of three
treatment strategies: WA+SEP, WA+HSEP and WA only, in patients with IC,
on walking ability, muscle endurance and patient-reported daily walking
ability

PAPER II: To evaluate the one-year effectiveness of six months of three
treatment strategies: WA+SEP, WA+HSEP and WA only, in patients with IC
on patient-reported HRQoL and physical function

PAPER II: To evaluate the one-year effectiveness of six months of three
treatment strategies: WA+SEP, WA+HSEP and WA only, in patients with IC
on objectively assessed daily physical activity

PAPER IV: To evaluate the test-retest reliability, agreement, standard error of

measurement (SEM) and minimal detectable change (MDC) of the 6BMWT in
patients with IC
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3 MATERIAL AND METHODS

This thesis is based on the SUNFIT trial, a multicentre, three-armed
randomised clinical trial in patients with IC. This trial was designed in 2014,
in a co-operative project between vascular surgeons and physiotherapists at
Sahlgrenska University Hospital, Sédra Alvsborgs Hospital and Central
Hospital of Karlstad. The study protocol, including Papers I-1V, was approved
by the Regional Ethical Review Board in Gothenburg (entry no. 349-14) and
amendment T789-16 and T254-17. The SUNFIT trial was registered in the
ClinicalTrials.gov database, identification number: NCT02341716. An
overview of the research design in the different papers is presented in Table 5.

Table 5. Overview of the research design in the different papers

PAPER | PAPER 11 PAPER IlI PAPER IV
Design Randomised clinical trial Reliability and
agreement study
Study All patients in SUNFIT Subgroup of
sample (n=166) SUNFIT (n = 100)
Enrolment Sahlgrenska University Hospital, Sodra Sahlgrenska
hospital Alvsborgs Hospital and Central Hospital of University
Karlstad Hospital
Enrolment September 2014 to February 2018 September 2014
period and March 2017
Methods 6MWT, SF-36, PSFS, Physical 6MWT
heel-rise VascuQolL activity
test, chair measured
stand with
test, WIQ activPAL3™
Outcome At baseline, 3, 6, 12 months Twice at baseline
assessments
Data Descriptive statistics. Intention-to-treat Descriptive
analysis analysis. Parametric and non-parametric statistics. ICC,
tests (as appropriate) SEM, SEM%, MDC

SUNFIT, supervised or unsupervised exercise training for intermittent claudication. 6MWT,
six-minute walk test. Borg RPE, rating of perceived exertion. ICC, intraclass correlation
coefficient. SEM, standard error of measurement. MDC, minimal detectable change. WIQ,
walking impairment questionnaire. SF-36, short-form 36. PSFS, patient-specific functional
scale. VascuQoL, vascular quality of life.
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3.1 STUDY RECRUITMENT

Patients were referred from different primary care centres to the Vascular
Surgery Outpatient Clinics at the Departments of Vascular Surgery at
Sahlgrenska University Hospital, Sédra Alvsborgs Hospital and Central
Hospital of Karlstad, in Sweden, for evaluation regarding revascularisation.
Figure 1 outlines the recruitment per hospital. The vascular surgeons asked
patients to participate if eligible according to the following study criteria.

Inclusion criterion
Established mild to severe IC for > 6 months, confirmed to be of vascular
origin, with an ABI of less than 0.9 or a post-exercise ABI drop of > 30 %.

Exclusion criteria

- Previous revascularisation for IC performed within three months
- Revascularisation deemed necessary within twelve months by the vascular
surgeon

- Cognitive dysfunction

- Inability to perform the 6 MW T

- Inability to speak or understand the Swedish language

The vascular surgeon further informed the patients that, if they accepted
participation in the trial, they would be randomised to one of three treatment
strategies all of which were documented as effective for improving IC
symptoms and walking ability and that the aim was to compare their
effectiveness. Informed, written consent was obtained from all participants
before entering the study.

Vs
Sahlgrenska Sodra Alvsborgs Central Hospital of
University Hospital: Hospital: Karlstad:
147 recruits 4 recruits 15 recruits
,
Paper IV: 100
participants
VL \4 V‘
Papers I-1ll: 166 participants ]

Figure 1. Overview of study recruitment, presented by hospital
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3.1.1  RANDOMISATION PROCEDURE

Baseline characteristics were obtained by the vascular surgeons and the
protocol included 16 variables with a known or assumed prognostic influence
in IC, such as age, gender, ABI, IC-affected leg(s), smoking history and current
smoking habit, patient-estimated walking distance on flat ground, patient-
reported IC-related leg pain assessed with visual analogue scale (VAS) and the
quality of the femoral and popliteal pulses (normal, reduced, absent). With the
aim to minimising between-group differences at baseline, the 16 variables were
used in the stratified, computerised randomisation procedure as described by
Pocock and Simon (94). The randomisation was performed independently by
research nurses at Sahlgrenska University Hospital . Randomised patients were
then informed about their group allocation by the vascular surgeon.
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3.1.2 WALKADVICE STRATEGY

All randomised patients received the WA that comprised of best medical
treatment, which included: verbal and written disease information from
vascular surgeons about the anatomy and function of the circulatory system,
IC causes, risk factors and symptoms. All smokers were advised to stop
smoking and were offered contact with a dedicated smoking cessation unit.
Pharmacological risk factor treatment (antiplatelet therapy, statins and
optimised treatment of hypertension and diabetes) was instituted or enhanced
for all patients according to international and local guidelines, unless contra-
indicated.

The vascular surgeon gave all the patients the unsupervised WA; to perform
limb symptom-induced Nordic pole walking for at least 30 minutes, three times
weekly (Figure 2). The research nurses gave the patients free Nordic poles,
individually adapted the pole length and instructed (verbally and in written)
the patients how to use them.

Patients allocated to SEP and HSEP were further scheduled to visit the
physiotherapist for exercise instructions, see Section 3.3 Interventions.

Figure 2. Nodic pole walking, photo by Anna Sandberg
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3.1.3 STUDY PROCEDURE — PAPERS I-llI

In the SUNFIT trial there were two teams of physiotherapists (A and B) at each
hospital. Team A was blinded to patient group affiliation. All the patients were
first scheduled to visit a physiotherapist in team A, as they were responsible
for outcome assessments, at baseline and follow-up (Figure 3).

After at least eight days, patients allocated to SEP and HSEP were, further
scheduled for an additional visit to a physiotherapist in team B. The eight-day
time period between the visits was due to the accelerometer assessment.

ALL PATIENTS: Visits to a physiotherapist in team A for outcome assessments

ALL PATIENTS: Visit to
a vascular surgeon

ALL PATIENTS: Visit to
a vascular surgeon

l | | |
- — >
%aseV\“e 3 moﬂ"‘“ o mo“““ 0 “\o“““
] I ]

| | [ ! [ |

HSEP: Visit to a physiotherapist in team B

SEP: Individual baseline visit to a physiotherapist
in team B, follow-up in conjunction to the
supervised exercise sessions

Figure 3. Overview of visit flow chart

One-year follow-up with the vascular surgeon

At the end of the study, patients were scheduled for a one-year follow-up with
a vascular surgeon for assessments of ABI, Rutherford classification and
questions about smoking habits, walking ability and symptoms of exacerbated
ischaemia. Moreover, questions were asked about whether the patients had
undergone revascularisation and had any requests for an additional IC
investigation or intervention.
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3.14 STUDY PROCEDURE - PAPER IV

In order to study the test-retest reliability, agreement and MDC of the 6MWT,
a subgroup from the SUNFIT was included. This subgroup consisted of the
first 100 patients at Sahlgrenska University Hospital who were instructed to
perform the 6MWT twice at baseline. Patients rested seated for at least
30 minutes between the two tests. The reason for conducting both 6MWTs on
the same visit was that the patients had a total of two to three visits at the
hospital at baseline and the patient burden of a fourth visit was adjudged to be
unreasonable. The same physiotherapist instructed both 6MWTs for each
patient and, in total, four experienced physiotherapists conducted the 6MWTs
in Paper IV.
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3.2 OUTCOME MEASUREMENTS

In this thesis, different tests for measuring walking ability, both objectively
and subjectively, were used. Moreover, measurements of leg muscle
endurance, questionnaires on physical function and generic and disease-
specific HRQoL were used. Physical activity was assessed with an
accelerometer. Assessments of study outcomes were made at each hospital, at
baseline and three, six and twelve months by a physiotherapist in team A
(Table 6).

Table 6. Overview of outcome measurements in Papers I-1V

Outcome Description Used in
measurement Paper
Six-minute walk test Maximum walking distance (Y

Pain-free walking distance

Unilateral heel lift test

Endurance of the plantar flexors

Chair stand test

Strength and endurance of the leg muscle

Walking impairment
questionnaire

Disease-specific, change in daily walking ability

Patient-specific
functional scale

Physical function

Short-Form 36

Generic health-related quality of life

Vascular quality of life

Disease-specific health-related quality of life

Blood samples

Serum cholesterol, HbAlc (glycated
haemoglobin), HDL (high-density lipoprotein),
LDL (low-density lipoprotein) and serum
triglycerides

Accelerometer
activPAL3™

Daily physical activity: steps/day, time spent
within a stepping cadence of > 100 steps/min,
time in upright position, number of transitions,
number of sitting bouts spent in > 30min and
> 60min duration

26



Anna Sandberg

3.21 MEASUREMENT OF WALKING ABILITY AND
MUSCLE ENDURANCE

Six-minute walk test (6MWT)

The 6MWT assesses the sub-maximum level of functional capacity where the
patients walk at a self-paced intensity. The American Thoracic Society
guidelines provide a 6MWT protocol (95) and this was used in the SUNFIT
trial. Some adjustments to patients with IC were made to the protocol by adding
measurements of pain-free walking distance and IC-related leg pain using the
Borg category-ratio (CR-10) scale (96) and perceived exertion according to the
Borg RPE scale (96). Patients were instructed to walk as far as possible during
the six minutes and to make a sign (wave) when they first perceived the IC-
related leg pain in order to assess the pain-free walking distance. Patients were
informed that they were allowed to stop and rest during the test if needed. The
timing continued during any pause and the number of pauses with time,
distance, and duration were registered. Patients also rated their perceived IC-
related leg pain during pause(s). The walking course was 30 m and two cones
marked each end of it. During the test, the physiotherapist was close and gave
standardised phrases of encouragement every minute: “xx minute(s) have
passed, good work”. The maximum and pain-free walking distance was
recorded in metres. The distance covered was not revealed to the patient (95).
This test was not previously evaluated for test-retest reliability in patients with
IC.

Unilateral heel-lift test

A unilateral heel-lift test was used to measure the endurance of the plantar
flexors. The heel lift was performed unilaterally with shoes on and at a
10° incline, with the standing leg straight and the other leg flexed. To assist
balance, patients were permitted to apply fingertip support on the wall in front
of them. A metronome set at 60 beats per minute provided a cadence of 30 heel
lifts per minute. For each leg, the initial height of the heel lift was set using a
wall-mounted stadiometer. The test was terminated when patients were no
longer able to reach the headpiece, maintain the pace or flex the standing knee.
The outcome score was the maximum number of correct heel lifts for each leg
(97, 98). The unilateral heel-lift test has good test-retest reliability for healthy
adults (97).

Chair stand test

The chair stand test was used to measure leg muscle strength and endurance.
During 30 seconds, patients were instructed to stand up as many times as
possible from a standard chair (43 cm) to a totally extended standing position
with their arms folded across their chest. The recorded outcome was the
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number of completed repetitions achieved in 30 seconds (99). This test has
good test-retest reliability and validity for older adults (99).
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3.2.2 PATIENT-REPORTED OUTCOME MEASUREMENTS

Walking Impairment Questionnaire (WIQ)

The WIQ is a disease-specific questionnaire for assessing walking ability and
limiting symptoms of walking in patients with PAD and was first developed
by Regensteiner et al. (85). The WIQ is brief, easy to complete and can be used
in both daily practice and research (100). In the SUNFIT trial, a Swedish
version of the revised WIQ prescribed by Sagar et al. (101) was used.

The WIQ contains 14 items, divided into three different subscales of walking
distances (seven items), walking speed (four items) and the degree of difficulty
climbing flights of stairs (three items). Each item can be graded from 0
(worst/inability) to 4 (best/without limitations). In the subscale of walking
distance, the patients are asked to rate the degree of physical discomfort when
walking a specific distance, ranging from walking indoors at home to 450 m
(five blocks). In the subscale of walking speed, the patients are asked to rate
the degree of physical exertion when walking a block (100 m) at a specific
speed ranging from walking slowly to jogging. In the subscale of stair
climbing, the patients are asked to rate the degree of physical exertion when
climbing one to three flights of stairs (101). The WIQ is reliable and valid for
measuring changes in daily walking ability in patients with IC and is suggested
to be used as an alternative to the treadmill walking test when evaluating
supervised exercise in patients with IC (102). In Paper II, for subscale
calculation, each item response was first multiplied by a pre-specified weight
and then added up and divided by the maximum possible score. Each subscale
is ranges from 0-100, with higher scores indicating better walking ability. The
overall score represents the average of all three subscales (101). The Swedish
version does not contain the opportunity to answer “unable to do” or “Did not
do for other reasons”.

Patient-Specific Functional Scale (PSFS)

The PSFS is a questionnaire assessing changes in physical function, applicable
to a variety of health conditions (103-107). Patients nominate up to five
physical activities which, due to their condition, they have difficulty
performing. Patients rate the difficulty of each activity on a Likert scale,
ranging from O (unable to perform) to 10 (able to perform the activity without
difficulty) (104). In Paper II, patients were instructed to select up to three
activities. The PSFS is reliable and valid when assessing physical function in
older adults (108). In clinical research, the PSFS can be used to investigate
group-level change over time, compare groups, or discriminate groups on the
basis of physical function (109). In Paper II, for an overview, the patient-
selected activities were categorisation in four domains of physical activity: 1)
during leisure-time 2) related to work 3) in household/domestic/self-care and
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4) for transportation (110). The score within each activity was presented,
without further data processing.

HEALTH-RELATED QUALITY OF LIFE

Short-Form 36 (SF-36)

The SF-36 is a generic instrument that includes 36 items covering eight
different domains of HRQoL: physical functioning (ten items), role physical
(four items), bodily pain (two items), general health (five items), vitality (four
items), social functioning (two items), role emotional (three items) and mental
health (five items). The SF-36 is also presented with two summary
components, physical component summary (PCS) and mental component
summary (MCS). The SF-36 is reliable and valid for the general Swedish
population (86-88). In Paper II we used the standard SF-36 scoring algorithms,
each item score was coded, recalibrated, added, and transformed into a scale
from 0-100, where a higher score indicates better health (111).

Vascular Quality of life Questionnaire (VascuQolL)

The VascuQoL is a disease-specific HRQoL questionnaire for evaluating
treatment effects in patients with IC. Patients answer questions about the
impact of their IC-related leg problems for the past two weeks. There are 25
items in the VascuQoL, sub-grouped into five domains: Pain (four items),
Symptoms (four items), Activity (eight items), Emotional (seven items) and
Social (two items) (83). The VascuQoL reflects the central aspects of HRQoL
and is valid, reliable and responsive among patients with PAD within a
Swedish context (112). In Paper II, no weighting of item responses was
conducted in the VascuQoL. In each sub-group, the item responses were added
up and divided by the respective total numbers of items. The VascuQoL
Summary score is the average of all 25 item scores (83). As compared to
baseline, the minimally important difference (MID) of the VascuQoL
Summary score was, an increase of > 0.87 for improvement and an increase of
<0.23 for deterioration (113).

30



Anna Sandberg

3.23 ADDITIONAL MEASUREMENTS

The laboratory tests were analysed by the laboratory at each hospital and
included measurements of glycated haemoglobin (HbA1c¢), serum cholesterol,
high-density lipoprotein (HDL), low-density lipoprotein (LDL) and serum
triglycerides. These blood samples were chosen in order to assess the
composition of the blood to evaluate the best medical treatment and also to
study how both exercise interventions may affect these central risk markers.
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3.24 PHYSICAL ACTIVITY

In this thesis, the activPAL3™ accelerometer (Physical Activity Logging
(PAL) Technologies Ltd, Glasgow, United Kingdom) was used to study daily
physical activity. By measuring the acceleration and by determining the
orientation of the thigh, the activPAL3™ is capable of measuring body
posture, body transitions, stepping and stepping cadence in patients with IC
(61). The activPAL3™ is a reliable and valid accelerometer for identifying
body posture and purposeful stepping in healthy adults (114).

In order to record seven days of measurement (the variation from all
weekdays), patients wore the accelerometer (attached to the midline on the
patient’s right thigh) for nine days and then returned it by post to the
Department of Physiotherapy at each hospital. Assessments of physical
activity were made at baseline, and three, six and twelve months by the
physiotherapist in team A.

Pre-defined decisions were made by the authors of the outcomes of physical
activity that were of clinical interest in patients with IC. Six different outcomes
in physical activity were chosen for study evaluation:

a) steps/day

b) time spent within a stepping cadence of > 100 steps/min
(approximately 4km/h, moderate intensity)

¢) time spent in an upright position (standing still and stepping)

d) number of transitions (sitting to standing)

e) number of sitting bouts spent in > 30min duration

f) number of sitting bouts spent in > 60min duration
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3.3 INTERVENTIONS
PAPERS I-Ill

Hospital-based supervised exercise programme (SEP)

At each hospital, patients in SEPs were scheduled for supervised exercise for
six months, on Mondays, Wednesdays and Fridays, for approximately
50 min/session. The physiotherapist instructed and supervised the SEP as a
patient group session. The exercise programme was performed to pre-recorded
music. Over time, there were in average between three to seven patients in the
exercise groups.

If needed, individual adjustments were made to the exercises (e.g. many
patients had difficulties performing the lunge exercise). Patients were
instructed to perform the exercises at a central intensity of 13-15 on Borg’s
RPE scale (96) and allowing ischaemic leg pain of up to 17 on Borgs RPE. The
exercise progression was continuous and patients were continually reminded
during the sessions to perform the exercise according to the intensity
instructions. The content of the SEP is presented in the appendix section
(Appendix). After six months of SEP, the patients were instructed to continue
with the exercise programme at home (three times weekly), without
supervision or feedback. Patients received the printed version of the HSEP.

Home-based structured exercise programme (HSEP)

The content, dose and progression of the HSEP were the same as for the SEP,
but, for practical reasons, patients were instructed to perform the exercises for
one minute (except the unilateral heel-lift exercise; 30 s/leg). The exercise
programme was in printed format, with descriptive pictures and instructions
from the physiotherapist on the baseline visit. No music was provided. Patients
were instructed to perform the HSEP three times weekly, on self-selected
weekdays. After six months of the HSEP, patients received the same
information for continued exercise as patients in SEP. Both the SEP and HSEP
was developed by an experienced physiotherapist in the research team.

Exercise logbooks

In order to assess exercise adherence, patients in the SEP and HSEP were given
logbooks. Patients were instructed to self-register weekday, time/duration and
an overall Borgs RPE rating of the performed exercise programme. At three
and six months, the physiotherapist gave feedback on the performed exercise
reported in the logbook, through dialogue with the patient. At three months,
new logbooks for the coming three-month period were distributed. Patients
were reminded/encouraged to return the logbooks but some logbooks were
unfortunately missing.
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Face-to-face visits

At three and six months, patients in the HSEP were scheduled for face-to-face
visits to the physiotherapist. On this visit, exercise instructions and exercise
programme were repeated, for quality of performance and patient
comprehension of the exercises and progression.

Follow-up questions

Every two weeks during the first six months, the physiotherapist asked
questions relating to exercise feedback in the SEP and HSEP. Question number
four was an additional question was asked to patients in the HEP. This was
made by telephone for patients in HSEP and conjunction with the exercise
session in the SEP. The questions were as follows.

1. During the last two weeks, how many times have you performed the exercise
programme according to the plan (i.e., 3 times weekly for 50 min and according
to the Borg RPE scale recommendation)?

2. Would you recommend this exercise programme to a friend/someone you
know with IC? (Ordinal scale: Absolutely not, probably not, maybe, probably,
absolutely)

3. How do you perceive the level of exercise? (Ordinal scale: Easy, moderate,
difficult).

4. Only to the patients in HSEP: What is the reason for not exercise according

to the plan? (Other disease, other injury or pain, sick relative, travel,
unmotivated, time, IC too burdensome, other personal reason).
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3.4 DATA ANALYSIS
PAPER |

Walking Impairment Questionnaire
To compensate for missing responses in the WIQ, a data imputation approach
was used as follows: within a patient, if the answer to one item was missing,
the answer was imputed by the mean value of the patient’s other answers per
subscale. If the answer to > 1 item (per subscale) was missing, the subscale
was removed and coded as missing.

PAPER Il

Effect size

In the SF-36 and the VascuQoL, effect sizes were calculated by dividing the
mean difference from baseline and the respective follow-up by the standard
deviation (SD) at baseline. Cohen’s criteria for interpreting effect size
calculations were applied (small = 0.2 to < 0.5; moderate = 0.5 to < 0.8; large
=>0.8) (115).

PAPER IlI

Accelerometer-based physical activity

The data were downloaded from the device using the PAL Suite software (PAL
Technologies Ltd, version 7, Glasgow, UK). The data from the activPAL3™
were systematically processed step by step, presented in Table 7.

Table 7. Step-by-step process of activPAL3™ outcome

1. The accelerometer data were processed to create event files using the aforementioned
software program.

2. The event files were further processed with the PALbatch and CREA awake wear-time
classification algorithm (PAL Technologies Ltd, 2020, PAL, PALbatch Software Suite,
version 8.10.12.57, CREA version 1.2, Glasgow, UK). This process generated day-level
variables.

3. In each nine-day recording, the first and last day were removed for each patient, in
order to enable an evaluation of seven full days.

4. The exclusion of incorrect or unrepresentative data in the dataset by removing days
with > 10 h non-wear time and patients with < four days of recording (per follow-up).

5. Avisual inspection was made of the dataset in order to overview day-level variation
within each patient.

6. All physical activity outcome measurements were calculated as average daily data
during each monitoring period.

35



Anna Sandberg

PAPER IV

Reliability

Reliable measurements obtain the same results when repeated, reliability is the
stability of a measurement and the degree to which test scores differ is
interpreted as measurement error (8). Measurement errors can be random or
systemic. Random errors may occur by chance or from unpredictable factors
such as motivation, simple mistakes, distraction or mechanical inaccuracy.
Systemic errors are predictable and consistently over- or underestimate the true
measurement score (8). For example, in a test of physical performance,
individuals may perform better due to learning effect or less well due to fatigue

(11).

Test-retest reliability

Assessments of test-retest reliability are used to determine whether a certain
measurement is capable of measuring a variable with consistency. One sample
of individuals performs two identical tests in conditions that are as unchanged
as possible (8).

Agreement

Kotter et al. (1) define agreement as the degree to which scores or ratings are
identical. There is a clear difference between the concepts of reliability and
agreement. Agreement expects to maintain the relative order of the individuals
in both tests as well as exactly the same result that each individual achieves on
the two tests (116). A Bland-Altman plot is able to visualise agreement using
the between-test difference plotted against the mean difference of the two test
results for each test. For normally distributed data, the scatter should be evenly
dispersed along the x-axis and the mean difference should be close to zero. For
good repeatability, 95% of the difference should be less than two SD (limits of
agreement) (117).

Intra-class correlation coefficient (ICC)

Reflecting both the degree of agreement and correlation between tests, the ICC
is an index of reliability. There are several different forms of ICC, producing
different results when applied to the same set of data. The ICC is a value
ranging between 0 and 1, where 1 corresponds to perfect reliability (7). An ICC
of >0.90 is regarded as excellent reliability, 0.75 - 0.9 good, 0.5 - 0.75
moderate and < 0.5 poor reliability. As repeated tests are not randomised
samples, the two-way mixed-effect model should be used. Absolute agreement
should be selected in test-retest because the test is worthless if there is no
agreement between the repeated measurements (7). In Paper IV, the ICC with
an absolute-agreement, two-way mixed-effects single-measurement model
was chosen, with the following equation (7):
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MSr - MSg

MSk + (k-1) MSg + = (MSc ~ MSr)

MSr = mean square of rows, MSE = mean square for error, MSc = mean square for columns,

k = number of measurements, n = number of subjects.

Standard Error of Measurement (SEM)

The SEM describes the within-subject variability attributable to repeated
measurements and is an indication of the precision of a score and provides an
absolute index of reliability (11). Moreover, the SEM is an index that can be
used to define the difference needed between separate measurements of a
subject for the difference in the measurements to be considered real. The SEM
is unaffected by inter-subject variability as compared to the ICC. The SEM has
the same units as the measurement and is calculated with confidence intervals
(Cls) for scores (11). In Paper IV, the following equation was used to calculate
the SEM (11):

SEM = SDv1 — ICC

SD is the SD of the scores from all the individuals.

Minimal Detectable Change (MDC)

The MDC can be defined as the extent to which a significant change in an
individual’s status is reflected in the observed values of a test and is a statistical
parameter based on the SEM (8). The MDC is calculated with a 95% CI
(MDCys). For all patients whose changes, when tested on multiple occasions,
are > the MDC, 95% of them would reflect a true change and not a difference
within the measurement error. In Paper IV, the MDC was calculated using the
following formula (11):

MDC = SEM x 1,96 x V2
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3.5 STATISTICAL ANALYSIS

Sample size and power calculations for the SUNFIT trial (Papers I-III) were
based on the reported meaningful change of 50 m in the 6MWT in patients
with chronic obstructive pulmonary disease (118), as data for patients with IC
was not available at that time. Moreover, a £70 m SD, 80% power and a one-
sided alpha level of 0.025 were chosen. With an assumed drop-out rate of 10%
at one-year, 48 patients were needed in SEP and HSEP for the primary
hypothesis testing. For the secondary hypothesis testing between the SEP,
HSEP and WA, the sample size of 48 patients per group and 80% power
enabled a between-group difference detection of 40 m. In total, 165 patients
needed to be enrolled in the SUNFIT trial.

For the primary hypothesis, non-inferiority was shown if the upper boundary
of'the 95% CI for the observed between-group difference between the SEP and
HSEP in the 6MWT maximum walking distance 0-12 months did not exceed
50 m (i.e. the non-inferiority margin).

Categorical data were presented as absolute and relative frequencies, whereas
continuous data were presented as means and +1 SD or 95% CI as appropriate,
while ordinal data were presented as median, and minimum and maximum or
interquartile range (IQR) values.

For between-group comparisons of the three groups, one-way analysis of
variance (ANOVA) was used in normally distributed, continuous variables,
while the Kruskal-Wallis test was used for non-normally distributed and
ordinal data and x2 was used and for binary data. Significant between-group
results that were obtained by one-way ANOVA, Kruskal-Wallis test or x2were
further analysed with pairwise post hoc tests, adjusted by the Bonferroni
correction for multiple tests. Additionally, in Paper I, mixed effects model
regression analysis was performed in order to analyse the within- and between-
subject variance longitudinally (unpublished material).

For within-group comparisons in normally distributed, continuous variables, a
paired sample t-test was used , while the Wilcoxon’s signed rank test was used
for non-normally distributed and ordinal data. For all outcomes analyses
(Papers I-1V), the full data set was used without imputation (except for the
WIQ) and was undertaken on the initial treatment assignment (intention to
treat).
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In the per-protocol analyses with between-group comparisons of two groups,
the Mann-Whitney U test was used.

The data were analysed using the Statistical Package for Social Sciences
(SPSS) versions 24 and 25 (IBM, Armonk, NY, USA). Statistical significance
was assumed at p < 0.05 in all four papers. An overview of the statistical
methods used in this thesis is presented in Table 8.

Table 8. Statistical tests in Papers I-IV

Statistical test Paper Per-protocol Paper Paper Paper
1 (Paper 1) ] ] v

Descriptive statistics

Number (n) and percent X X X X X

Mean (SD) X X X X X

Median (IQR) X X X

Intergroup comparisons

Chi-square test X X X

Mann-Whitney U test test X

One-way ANOVA X X

Kruskal-Wallis test X X

Intragroup comparisons

Paired sample t-test X X X

Wilcoxon’s signed rank test X X

Estimate of magnitude of
change

Cohen’s effect size X
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3.6 ETHICAL CONSIDERATIONS

Prior to participating in the study, all the patients gave their written informed
consent. The Regional Ethical Review Board in Gothenburg, approved the
research protocol (DNR: 349-14 and amendment T789-16 and T254-17). The
participants were allowed to withdraw from the study at any time, without
stating a reason.

At the end of the study period, patients allocated to WA were offered an
additional visit with the physiotherapist for exercise instruction and to receive
the home-based structured exercise programme.
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4 RESULTS

In the SUNFIT trial, 733 patients were assessed for eligibility according to the
screening logs. Of these patients, 362 were adjudged to be eligible for the trial.
In total, 166 patients (46% of the eligible patients) were included and
randomised to the SEP, HSEP and WA (119). Paper IV included the first 100
patients enrolled at SU. No statistical differences were observed between the
three groups at baseline. Table 9 outlines the baseline characteristics, presented

by paper.

One patient in the HSEP and two patients in the SEP and WA respectively did
not receive an allocated intervention. An additional nine patients withdrew
during the course of the study and at one year, a further seven patients were
lost to follow-up, leaving a total of 145 patients for the one-year analysis in
Papers I and II. In Paper III, an additional six patients were not included in the
one-year analysis due to missing activPAL data (n = 139).

In this thesis, the per-protocol analysis based on the patients regarded as fully
adherent to the SEP and HSEP, on the 6SMWT (maximum and pain-free
walking distance), the chair stand test and the unilateral heel-rise test is
presented in Section 4.1.3.
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Table 9. Overview of baseline characteristics in Papers I-1V and the per-
protocol analysis in Paper [

Variable PAPERS I-111 Per-protocol PAPER IV
(Paper 1)
HSEP SEP WA HSEP SEP N.A.
Number 56 54 56 9 14 100
Age, years 71.8 72.2 72.5 72.6 71.4 72
6.5 7.5 7.5 5.2 9.8 7.4
Sex, women 21(37.5)  23(42.6) 24(42.9) 2(22) 4 (29) 43 (43)
Rutherford
classification:
Mild 8 (14.3) 11(204)  11(19.6) 3(33) 2 (14) 18 (18)
Moderate 34(60.7)  33(61.1)  35(62.5) 6 (67) 11 (79) 62 (62)
Severe 14(25.0) 10(185) 10(17.9) 0 1(7) 20 (20)
Ankle- 0.66 £0.27 0.64 +£0.18 0.67 £0.21 | 0.68 +0.15 0.67 £0.23 | 0.62 £0.20
brachial
index
Smoking:
Never 4(7.1) 5(9.3) 6(10.7) 0 2(14) 10 (10)
Earlier 37 (66.1) 33 (61.1) 34 (60.7) 6 (67) 8(57) 64 (64)
Yes 15 (26.8) 16 (29.6) 16 (28.6) 3(33) 4 (29) 26 (26)
Diabetes 19(33.9) 14(25.9) 16(28.6) 3(33) 2(14) 29 (29)
mellitus
Heart 18 (32.1)  18(33.3)  17(30.4) 2(22) 5(33) 29 (29)
disease*
Chronic 8(14.3) 8(14.8) 7 (12.5) 0 2 (14) 13 (13)

obstructive
pulmonary
disease

Categorical variables are presented as the number (%). Continuous variables are presented as
the mean and + one standard deviation. N.A. not applicable. * Heart disease include diagnosis
of chronic heart failure, stable angina pectoris and previous myocardial infarction.
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4.1 PAPERI

The main finding in Paper I was that the HSEP was found to be non-inferior to
the SEP, determined by the change from baseline to one year in the 6MWT
maximum walking distance but no significant differences were observed at one
year between these strategies and the group receiving WA alone.

In addition to the result published in Paper I, we also performed a mixed effects
model regression analysis, in order to analyse the within- and between-subject
variance longitudinally and these analyses are presented in Table 10 and
Figures 4 and 5. The heel-lift test for the left leg indicates a similar result and
is therefore not shown. Assumptions about the residuals were checked for and
were satisfactorily fulfilled, except for some skewness in the normal
distribution of heel-lift tests. In the model, with the interaction of group*time,
no statistically significant difference was shown between the three groups;
p-values are presented in Table 10.

Table 10. The p-values (type 1) from the mixed effects model regression

analysis
Intention- Maximum  Pain-free  Heel-lift Heel-lift Chair
to-treat walking walking test, test, left stand
analysis distance distance right leg leg test
(n=158)
Model p-value p-value p-value p-value p-value
Interaction Group 0.507 0.932 0.657 0.551 0.004
model Time 0.172 <0001  <0.001  <0.001 0.001
Group*Time 0.984 0.159 0.959 0.849 0.857
Without Group 0.528 0.948 0.667 0.408 0.006
interaction Time 0.171 <0.001  <0.001  <0.001 0.001
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Figure 4. Results from the mixed effects model regression analysis. 6MWT
maximum walking distance and 6MWT pain-free walking distance. Note that the
Y-axis scales do not start at zero.
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Figure 5. Results from the mixed effects model regression analysis. Chair stand
test and heel-lift test (vight leg). Note that the Y-axis scales do not start at zero.
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411 ADHERENCE TO EXERCISE

Adherence to the HSEP and SEP was pre-defined and calculated from the self-
reported logbooks and, in the case of the SEP, also from attendance registration

(Figure 6).

2
18 14
SEP HSEP
Fully adherent Partially adherent = Non-adherent Unknown

Figure 6. Number of patients, presented by level of adherence. The outer circle
represents the HSEP and the inner circle represents the SEP. The reason for
“unknown” is no return of logbook.
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4.1.2 EXERCISE FOLLOW-UP QUESTIONS

In total, there were 571 registered follow-up responses to the questions in the
HSEP and 531 in the SEP. As presented in Figure 7, most patients reported the
perceived level of the exercise programmes as moderate or difficult and most
patients would recommend the exercise programme, if they had a friend with
IC. On 84 occasions, patients in the HSEP reported reasons for not having
performed the exercise programme and reasons of other disease, injury or pain
were reported in the majority of the cases (57%; Figure 8).

300 350
250 300
w
2 B
g 200 S 250
3 2
% 150 2 200
g o 150
£ 100 3
z € 100
50 =
50
o mm
Easy Moderate Difficult 0 -
X X
S & ,50@ 5@* \.\'@Y\
W HSEP = SEP S N &S
» & Y
) < \
‘?p ] K\ *z‘-)

Figure 7. Patient-reported perceived severity of exercise programme and if they
would recommend the exercise programme to other patients with IC
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Figure 8. Patient-reported reasons for not exercising in the HSEP
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413 PER-PROTOCOL ANALYSIS

Patients regarded as being fully adherent to the exercise programmes in the
HSEP (n=9) and SEP (n = 14) were analysed in a per-protocol analysis (Table
11). Baseline characteristics are presented in Table 9. Due to the small number
of patients (n = 23) and the similar patterns of results, the per-protocol analysis
was not published in Paper I.

At one-year, the mean difference in the 6GMWT maximum walking distance in
the SEP was -11.8 m (67.2), while it was 4.8m (26.4) in the HSEP. The mean
difference between the SEP and HSEP at one-year in the 6MWT maximum
walking distance was -16.6 m with 95% CI: -65.7 m to 32.6 m. Moreover, no
significant between-group results were observed over time, except for a change
in heel-rise right leg at 0-12 months, in favour of the HSEP.

Table 11. Outcomes for the 6MWT and muscle endurance tests presented
by group and over time, per-protocol analysis

Outcome Group Baseline 3 months 6 months 12 months pvalue
6MWT, HSEP 427.56 428.56 414.89 43233  0.557°
maximum (73.7) (66.4) (86.3) (85.2)

walking SEP 423.79 431.00 426.00 412.00

distance, m (56.2) (65.9) (69.3) (109.0)

6MWT, HSEP 260.89 310.33 291.00 34556  0.926°
pain-free (125.8) (114.0) (105.5) (186.6)

walking SEP 218.00 228.07 259.50 284.14

distance, m (132.3) (107.4) (115.9) (155.4)

Chair stand HSEP  11.4(2.7) 12.2(2.4) 123(2.4) 11.8(42)  0.096?
test

SEP 11(1.7) 12.8(2.5) 13.9(3.6) 13.3(3.7)

Heel-rise test ~ HSEP 13(6.9)  19.9(10.5)  15.8(7) 17.7(6.2)  0.046°
(right leg)

SEP 10.4 (8) 12.1(9.2) 13.1(10.6) 11.5(8.5)

Heel-rise test ~ HSEP  12.7 (6.4) 17 (6.5) 14.8 (8.1) 16 (5.7) 0.8772
(left leg)

SEP 8.6(6.5)  10.9(6.8) 13.5(9.9) 11.2(8.5)

Continuous variables are presented as the mean and standard deviation. ® Between-group
comparisons of the difference 0-12 months using a Mann-Whitney U test.
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414 ONE-YEARVISIT TO VASCULAR SURGEON

In total, 149 patients attended the one-year follow-up visit to a vascular
surgeon (Table 12). During the study period, eight patients underwent lower
limb revascularisation (HSEP n=4, SEP n=4).

Table 12. One-year visit to the vascular surgeon, presented by group

Outcome HSEP (n =51) SEP (n =50) WA (n=48)
Rutherford classification: mild 25 (45) 25 (46) 24 (43)
moderate / severe claudication 19 (34) /2 (4) 21(39)/4(7) 18(32)/6(11)
ABI, mean (SD) 0.67 (0.23) 0.67 (0.20) 0.66 (0.19)

Smoking, No / yes

33(59) /18 (32)

36 (67) /12 (22)

38(68) /10 (18)

Patients have achieved their

own exercise goal: No / partly 11(20)/20(36) 10(19)/16(30) 19(34)/15(27)
Yes 19 (33) 22 (41) 14 (25)
Subjectively estimated IC-

related leg pain (VAS) —

mm, mean (SD) 39 (24) 44 (22) 47 (25)
Subjectively estimated walking 800 (75-5000) 600 (10-5000) 400 (15-10 000)

distance —m, median (min-

max)

Change in walking ability: a lot

worse to worse / unchanged 7(13)/9(16) 10(19)/12(22) 13(23)/10(18)
Better to a lot better 35 (63) 28 (52) 25 (45)
Limiting walking ability: IC-pain 41 (73) 41 (76) 37 (66)
Chest pain / dyspnoea 1(2)/2(4) 0/3(6) 0/5(9)
Fatigue / other 1(2)/6(11) 1(2)/4(7) 1(2)/4(7)

Patient request investigation
for invasive therapy: No / Yes

Patient request for other IC-
therapy: No
Yes, exercise / Yes, other*

36 (64) / 14 (25)

39 (70)
10 (18) / 2 (4)

34(63)/ 15 (28)

28 (52)
14 (26) / 8 (15)

35 (63) /13 (23)

24 (43)
15 (27) / 8 (14)

Categorical variables are presented as the number (%). Continuous variables are presented as
the mean and one standard deviation (SD) or as median and min-max. VAS; visual analogue
scale.* E.g. invasive treatment or Pletal.
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4.2 PAPERII

A summary of the main findings relating to generic and disease-specific
HRQoL and physical function in Paper II follows.

The SF-36
No significant between-group differences were detected at any of the follow-
ups for the SF-36. The non-significant change from baseline to one year in the
SF-36 PCS was 3.3 (7.4) in the HSEP, 3.4 (7.9) in the SEP and 2.4 (8.0) in WA
(p =.720).

The VascuQoL

Over time, five significant between-group differences were observed in the
VascuQoL, presented in Figure 9.
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Figure 9. The significant between-group results observed in the VascuQoL and
the post-hoc comparison, presented by follow-up.
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Moreover, a significant result (»p = .007) was observed in the VascuQoL
Summary score at one year, when comparing the between-groups proportions
of patients reaching of the MID thresholds for improvement, unchanged and
deterioration. The post-hoc analysis showed that a significant higher
proportion of patients in SEP reached the MID for improvement (p < .001).
The proportion of patients reaching the MID for improvement was 42% in the
SEP, 22% in the HSEP and 10% in WA.

Effect size
The calculated effect sizes in the SF-36 and the VascuQoL were mostly small.

The PSFS

In the PSFS, patients chose three physical activities they had difficulty
performing due to their condition. In all three patient-selected activities, an
activity related to walking was the most commonly nominated activity. No
significant intergroup differences were detected between the three groups at
any of the follow-ups for the PSFS.
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4.3 PAPERIII

The main finding in Paper III relating to physical activity can be summarised
as the significant between-group differences that were observed.

e In the outcome of time spent within a stepping cadence of
> 100 steps/min, a significant between-group difference was
observed at three months and the post-hoc comparisons
indicated that this was in favour of the HSEP as compared
with WA (p = .006).

e In the outcome of number of sitting bouts of > 60-min
duration, a significant between-group difference was
observed at six months and the post-hoc comparisons
indicated that WA spent less time sitting as compared with
the SEP (p =.010).

No statistically significant between-group differences were observed in the
HSEP, SEP and WA at any follow-up in the outcomes of steps/day, time spent
in an upright position, number of transitions and number of sitting bouts spent
in >30-min duration. Figure 10 shows the non-significant result of steps/day at
baseline and follow-up.

7500
7000
6500
6000 —
5500
5000
Baseline 3 months 6 months 12 months
s HSE P SEP WA

Figure 10. The non-significant result for steps/day, presented by group at baseline
and at follow-up. The Y-axis represents the number of steps and
starts with 5,000 steps
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44 PAPERIV

In the test-retest reliability and agreement study of the 6MWT, the maximum
walking distance was a mean of 397.9 m (80.2) at the first test and 397.7 m
(83.9) at the second test (n = 100). Having finished the 6MWTs, patients rated
their perceived exertion according to the Borg RPE scale at a median value of
13 (min-max: 6-17) at the end of first test and 13 (min-max: 6-19) at the end
of second test. The outcomes for test-retest reliability are presented in
Table 13.

Table 13. Results for the test-retest reliability of the 6MWT

Variable

Intraclass correlation 0.95, 95% Cl: 0.94 to 0.97
coefficient

Standard error of 16.6 m, 95% Cl: 14.6 to 19.3
measurement

Standard error of 4.2%

measurement %

Minimal detectable 46 m
change

53



Anna Sandberg

5 DISCUSSION

This thesis aimed to evaluate the effectiveness of SEP, HSEP and WA on
walking ability, muscle endurance, self-reported physical function and
HRQoL, and daily physical activity in patients with IC. An additional aim was
to study the test-retest reliability and agreement of the 6SMWT in patients with
IC. All four papers originate from the SUNFIT trial.
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5.1 Hospital-based supervised exercise vs. home-based
structured exercise

Paper I confirms that a home-based structured exercise programme was non-
inferior to a hospital-based supervised exercise programme. This is an
important result, as the question of whether or not HSEP has comparable
clinical effectiveness compared with SEP has long been the focus of debate.
Previously published RCTs demonstrate inconsistent results for HSEP and this
has contributed to uncertainty regarding the benefits of HSEP in patients with
PAD (120). In guidelines, HSEP should be considered as an alternative, when
SEP is not available, to improve walking ability and physical function (5, 19).

In Papers I-11I1, the settings of SEP and HSEP differed for the first six months.
The SEP required attendance at the hospital, three times weekly on specific
weekdays and times, while HSEP could be performed at home on self-selected
days and times. There are many suggested advantages to exercising in a home-
based setting; for example patients do not need to travel to the facility to
participate and this is also positive for patients living in rural areas with limited
access to health care and exercise facilities or for those without access to SEP.
Home-based structured exercise programmes are likely to be less costly
compared with SEP that requires supervision and facilities (120).

In Paper I, both exercise groups made significant within-group improvements
in the 6BMWT pain-free walking distance and in the muscle endurance at three,
six and twelve months. The HSEP also made within-group improvements in
the 6OMWT maximum walking distance at all follow-ups while this only
applied to SEP at three months. The comparable within-group results may be
explained by the similarity in the exercise programmes. Furthermore, when
comparing the HSEP in the SUNFIT trial and other exercise studies in IC, the
content of our HSEP is probably unique. In previous IC studies, home-based
exercise programmes include structured advice on walking, with a
heterogeneous toolbox of additional behavioural components such as exercise
monitoring, patient education, technological coaching, feedback and goal
setting. In addition, only a few home-based studies have included exercise
programmes with different content than walking (47).

Moreover, earlier exercise studies of IC often compare treadmill-based SEP
and HSEP, i.e. structured walking advice and report significant results at three
months in treadmill walking distance in favour of SEP compared with HSEP
(47). However, the phenomenon “exercise on the outcome measurement” can
partly explain the large effect of SEP as it means that treadmill exercise
facilitates familiarity with treadmill walking (121). When comparing results
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from treadmill-based SEP evaluated with a 6MWT instead, treadmill-based
SEP was shown to be less effective (122). Importantly, the outcomes of
walking distance obtained by treadmill walking or a 6MWT cannot be used
interchangeably in patients with PAD (121).
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5.2 Nordic pole walking

The results from Paper I indicates that giving patients with IC standardised
walking advice along with free Nordic poles may help to increase the pain-free
walking distance, as all three groups made significant within-group
improvements in the 6OMWT pain-free walking distance and in the muscle
endurance over time. In the author’s experience, many of the study patients
expressed positive surprise at being able to walk further immediately with
Nordic poles as compared with walking without them. In addition, previously
research by Spafford et al. (123) shows that, when evaluating Nordic pole
walking with a modified corridor shuttle walking test (to walk as quickly as
possible and for as long as possible on a 50-m figure-of-eight circuit), patients
with IC directly increase their median maximum walking distance by 141 m
when walking with poles as compared with walking without them (123).

In Papers I-111, the extent to which the patients actually used the Nordic poles
or adhered to the WA is unknown. The reason for this was the intention to keep
the WA group unsupervised and adding assessments of adherence to the WA
could have contributed to the impression of being supervised. In addition, as
shown in Paper 111, WA was the only group, as compared with HSEP and SEP,
with a within-group increase at one year in terms of steps per day (non-
significant result between the groups). It could be hypothesised that this is a
result of the Nordic pole walk advice. Furthermore, in a study of patients with
IC by Oakley et al. (124), which compared Nordic pole walking with control
(advice on traditional walking), both to be performed for 30 min, three times
weekly. Good adherence to Nordic pole walking was found at one year, as 98%
of the patients in the Nordic pole walking group were still walking with poles
as compared with 74% in the control group of traditional walking. The Nordic
pole walking group significantly improved both walking distance and speed as
compared with control (124).
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5.3 The six-minute walk test

In this thesis, the American Thoracic Society protocol of the 6SMWT (95) was
modified to suit patients with IC, by adding assessments of pain-free walking
distance, for example, something that is of clinical interest in this patient
population. Assessments of saturation and ratings of dyspnoea were removed
from the protocol since these outcomes were adjudged to be non-significant
within an IC population.

In previous IC-exercise studies, several different 6MWT protocols were used
and there is no consensus on in which 6MWT protocol should be used.
Furthermore, the most commonly used 6MWT protocol is the Montgomery
protocol developed by Montgomery and Gardner for patients with PAD and
IC (125). It is followed by the American Thoracic Society protocol (95). The
results from Paper IV contribute important knowledge relating to the 6MWT
measurement properties and conclude that the 6MWT can be recommended
for evaluating walking distance in interventions in patients with IC (126).

Furthermore, at least two previous reliability studies of the 6MWT and patients
with IC have been published (125, 127). In the study by da Cunha-Filho et al.
(127), patients were instructed to walk as fast as possible on a 60 m
quadrangular course with verbal encouragement every minute (127).
Montgomery et al. (125) used the Montgomery protocol with non-standardised
phrases given every second minute. Both studies present results of the ICC that
indicate high reliability for the 6SMWT in patients with IC. However, none of
the studies has calculated the standard error of measurement or the minimal
detectable change of the 6BMWT or evaluated agreement (125, 127).

The estimated values of the standard error of measurement or the minimal
detectable change for the 6MWT presented in Paper IV, can be used by
physiotherapists as significant thresholds for identifying changes from the
6MWT distance beyond those expected from measurement error and
individual variability in patients with IC (126). The minimal detectable change
is an important value, as the observed change (improvement and deterioration)
in a measurement after an intervention can be used to demonstrate the
effectiveness of the intervention (128). When applying the minimal detectable
change of 46 m to the one-year results in Paper I, at total of 27 patients
increased their 6MWT maximum walking distance by > 46 m as compared
with baseline (HSEP n = 8, SEP n = 10, WA n = 9), indicating that 95 % of
them would reflect a true change.
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Moreover, there are a number for synonyms of the minimal detectable change
(MDC), such as the minimal detectable difference, the smallest real difference,
the smallest detectable change or the reliability change index (128).
Additionally, another concept is the minimal clinically important difference
(MCID) that can be defined as “the smallest difference in score in the domain
of interest which patients perceive as beneficial and which would mandate, in
the absence of troublesome side-effects and excessive cost, a change in the
patient’s management” (129). As compared with the MDC, the MCID is an
aspect of the validity and responsiveness of an instrument (128). Importantly,
a test cannot be used to detect a change when its measurement error is larger
than the change we want to be able to detect (116). For example, Gardner et al.
(130) reported that a moderate MCID was 33 m following supervised and
home-based exercise programmes in patients with PAD (130). That MCID of
33 m is smaller than the MDC of 46 m reported in Paper ['V. In situations where
the MCID is smaller than the MDC, changes as large as the MCID may be
important for patients, but they cannot be distinguished from measurement
error (131).
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5.4 Methodological considerations

External validity

In the SUNFIT trial, we included 46% of the eligible patients. Most patients
who declined to participate in this study did so because they were reluctant to
be randomised to the SEP group which required attendance at the hospital three
times a week for six months. In addition, it can be speculated that patients with
greater interest in their health agreed to participate in this exercise study and
this might cause selection bias. The fact that our patients were referred to a
vascular surgeon for evaluation regarding revascularisation, is important to
keep in mind when generalise our results. Our results are probably transferable
to similar patient populations, whereas generalisation to other patient
populations with IC may be less certain. The fact that this study was conducted
in Sweden, a high income country with a health care system that is tax-funded,
should be considered when generalising the study results to other countries
with different situations.

Exercise adherence

In the SUNFIT trial, we used exercise logbooks and for SEP, also attendance
registration at hospital, to assess exercise adherence. In the HSEP, 18 patients
did not return their logbooks and the exercise adherence of those patients is
thus unknown. Moreover, both subjective and objective methods can be used
to assess exercise adherence. Physical activity questionnaires and patient-
reported diaries are examples of subjective methods while objective methods
include recordings from accelerometers, for example (3). In a hospital-based
setting, adherence can be directly monitored by healthcare professionals. In a
home-based setting, there are different options for monitoring exercise, such
as regular visits to healthcare professionals or remotely, by telephone or online
(3). Overall, self-reported exercise diaries are the tool that is most widely used
to measure exercise adherence (132). In patients with complex regional pain
syndrome, using an exercise diary may increase adherence to home-based
exercise programmes but the patients tend to overestimate the performed
exercise by approximately 10% as compared with patients not receiving an
diary (133). In patients with IC, the extent in which patients may overestimate
the performed exercise in HSEPs is unknown. Additionally, within a clinical
trial, exercise adherence is likely to be better than during the ordinary course
of healthcare (133).

In Papers I-1II, adherence to the SEP and HSEP was low and this was first
revealed after the study period, when analysing the group-level data from the
exercise logbooks. As most patients did not perform the prescribed dose of
exercise, this can be viewed as an Achilles heel of the SUNFIT trial. Prior IC
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research has shown that exercise programmes with a longer duration and less
exercise variety tend to be those with the lowest levels of adherence (134). In
the SUNFIT trial, the most reported reasons for not exercising in HSEP, were
due to other diseases, injuries or pain. In the SEP, reasons for not attending the
exercise sessions were not systemically logged and they are probably
multifaceted. In addition, according to prior research, lack of motivation was
the most common reason for not completing an SEP, followed by reasons of
co-morbidity in patients with IC (72, 134).

What about the layout design of the exercise programme? In the SUNFIT trial,
the HSEP was printed on paper with descriptive text and pictures or photos of
each exercise. There were 40 exercises in total (10 pages), but some of the
exercises were recurrent. Patients in the SEP received the same printed version
at the end of the six-month period. Layout versions other than printed paper
may have advantages in future exercise design. For example, a film or a
smartphone application may facilitate understanding and improve the quality
of exercise as well as adherence.

Patient-reported outcome measurements

In Papers II and IV, four different PROMs were used to study HRQoL and
physical function, including both generic and disease-specific PROMs. It is
suggested that the VascuQoL is one of the most appropriate disease-specific
HRQoL PROMs to use in patients with IC (135). In the development of the
VascuQoL, both patients and experts within the field were involved,
confirming items of relevance for patients with IC (135). However, prior
studies point out that many different PROMs are used in IC-research (90, 136).
In 2022, an attempt to reach consensus of which PROM to use in IC-treatment
was made (137). An expert panel, consisting of both international vascular
specialists and patient representatives, identified the VascuQoL-6 (items) as
the preferred PROM, with twelve additional items of interest to use in IC
treatment. Smoking, the impact of IC on walking impairment and exercise and
patient satisfaction and experienced improvement from treatment, are
examples of the twelve additional items of interest (137).

In Paper IV and the Patient-Specific Functional Scale (PSFS), the patient-
selected activities (that they had difficulty performing) consisted primarily of
transport-related activities, such as walking and walking up stairs and hills.
This may indicate an important finding in the PSFS and the fact that IC is
associated with walking ability, as this was reflected in the patient-selected
activities. To the best of my knowledge, this is the first time the PSFS has been
used in patients with IC.
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Pros and cons of objectively assessed physical activity

The SUNFIT trial used the activPAL3™ accelerometer objectively to assess
physical activity. This device is easy to administer and practical for use in the
home environment. It allows continuous assessment and patients do not have
to remove the accelerometer while showering or sleeping, for example.
Moreover, issues of integrity and privacy are important when gathering
technology-based information. Patients might be concerned that the
activPAL3™ is able to determine the activity that has been performed and they
may also feel that they are being observed and recorded. In Paper III, user
acceptance was found to be high and only two patients declined to wear the
accelerometer. However, there were several other reasons for not collecting the
activPAL3™ data in Paper IlI, for example, the activPAL3™ was broken, fell
off or had low battery power and, in addition, three of the accelerometers were
lost in the post.

As compared with pedometers, activity watches or bracelets or smart phone
applications of physical activity, for example, patients wearing an
activPAL3™ do not receive any feedback and are unable to interact with the
accelerometer. In addition, as compared with self-reported physical activity,
accelerometers are more reliable when it comes to recalling the frequency,
duration and intensity of physical activity. Self-reported physical activity is
often overestimated in older adults, thus affecting the validity of these
measurements (138). At present, no device for simultaneously assessing the
frequency, duration, intensity and type of physical activity exits and this also
applies to each of the domains (leisure time, occupational, transportation and
activities in the household/garden) (58).

In Paper III, the outcome time spent sitting was evaluated but we did not use
the term “sedentary behaviour”, as sedentary behaviour is defined as any
waking behaviour characterised by an energy expenditure of < 1.5 metabolic
equivalents of task (MET) in a sitting or reclining posture (139). The
activPAL3™ only provides information of the body posture (i.e. sitting/lying)
and not information on MET. Therefore, time spent sitting/lying is not
compliant with the definition of sedentary behaviour (140). Additionally other
accelerometers, such as the ActiGraph (ActiGraph LCC, Pensacola, FL, USA),
estimate “sedentary behaviour” exclusively based on energy expenditure, and
not body posture. Maybe future accelerometers will have the ability to measure
both body posture and METs. However, it is important to use the appropriate
term when using accelerometers in research and not imply to study sedentary
behaviour when you don’t.
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5.5 Statistical considerations

Non-inferiority design and choice of margin

Traditional RCTs evaluate whether one intervention is superior to another. The
null hypothesis for these studies is that the two interventions have the same
effect. Rejection of the null hypothesis indicates that the treatment effects are
different, determined by a statistically significant p value, for example. Non-
inferiority-designed trials evaluate whether a novel intervention is not
unacceptably less effective than the standard intervention. The non-inferiority
approach is often used when examining secondary advantages of the novel
intervention, such as patient accessibility, better compliance, safety or lower
cost (9). In the SUNFIT trial, the SEP was regarded as the standard intervention
and the HSEP as the novel intervention.

Moreover, the conclusion from a non-inferiority trial depends on the value
from the chosen non-inferiority margin (A). This value is determined by the
researchers’ judgement and represents the maximum acceptable difference that
is clinically acceptable and further assumes that a difference larger than this
would matter in practice (128). Further, the choice of A influences the sample
size calculation. A larger A require a smaller sample size and vice versa (141).

The intention-to-treat principle (ITT) includes all participants and means that
data are compared on the basis of random treatment allocation, regardless of
drop-out or adherence to the interventions. The ITT protects from potential
bias if drop-outs are related to group assignment and maintains the baseline
between-group balance achieved by randomisation (128). In a per-protocol
analysis, only participants who are sufficiently adherent to the study protocol
are included (128), i.e., in our case, the patients who were fully adherent to the
SEP and HSEP respectively. The recommended approach for non-inferiority
trials is to perform both ITT and per-protocol analyses and to conclude non-
inferiority if both analyses produce the same result (141). The results in Paper I
indicate that non-inferiority was reached by both the ITT and the per-protocol
analysis as none of the upper 95% CI exceeded the 50 m non-inferiority A.

In 2014, when designing the SUNFIT trial, the A of 50 m was a rounding down
from the 54 m that was considered to be the minimal important change in the
6MWT for patients with chronic obstructive pulmonary disease (118), as
studies of IC were not available. Since then, studies of minimal clinically
important differences (MCID) or a meaningful change in the 6SMWT maximum
walking distance in patients with PAD have been published (130, 142). A
moderate MCID was reported to be 33 m, following supervised and home-
based exercise programmes (130), while, in another study approximately 8 m
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and 20 m respectively represented a small and large meaningful change in the
6MWT maximum walking distance, (no intervention) (142). All these
aforementioned distances are smaller than the 50 m that we have chosen for A.
If we should have decided to use a smaller A, it would have required a larger
sample size. However, from a clinical perspective, it can be discussed whether
an estimated change in the 6MWT of 8 to 33 m is really significant for the
patient with IC. Furthermore, these estimated values can be compared with the
results from a meta-analysis, in patients with coronary artery disease
undergoing cardiac rehabilitation, that reported the estimated changes in the
6MWT after cardiac rehabilitation was 60.4 m (95% CI: 54.57 to 66.30 m)
(143).
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5.6 How to design the optimal exercise programme in intermittent
claudication

The goal of exercise in patients with IC is to improve walking ability, HRQoL
and physical activity and there are several parameters of interest when
designing an exercise programme.

Firstly, the setting, where do the patients prefer to exercise? At home or at a
hospital/outpatient clinic? One future approach may be to test a combination
of exercise at an outpatient clinic and at home. It may be to intensify the
supervision in the beginning of the exercise period and thereafter move over to
more home-based structured exercise or a combination of both settings over
the week.

Secondly, what about a more person-centred exercise approach? Person-
centred care is based on the individual’s experiences related to their life
situation, including experiences of health and disease or injury (144). The
focus in person-centred care is to build relationships between the patient and
the healthcare provider in order to encourage the patient to play an active role
in healthcare and treatment (144). Patients with IC have different barriers and
enablers to exercise and, further, different preferences and expectations of their
IC treatment (73). A person-centred approach with individualised exercise may
increase patients’ engagement in and adherence to exercise (145). An
additional area of research is the recent study by Sinninge et al. (146) that
evaluated how “personalised outcomes forecasts” (i.e. individual estimates of
patients’ maximum walking distance, shown to the patients by the
physiotherapist) were used by physiotherapists in IC exercise. The results
showed that personalised outcomes forecasts could be used to motivate
patients, to set realistic exercise goals and to achieve goals, as well as
explaining the exercise plans to patients. The authors suggest that the use of
personalised outcomes forecasts by physiotherapists might contribute to a
more person-centred care approach (146).

Thirdly, what about IC-related leg pain during exercise? Guidelines
recommend that exercise should be performed at moderate-to-maximum IC-
pain (5). Additionally, it is suggested that leg pain is one of the main reasons
or possibly fears for patients with IC when it comes to attending an exercise
programme (145). A better understanding of the patients’ beliefs in relation to
IC pain is recommended to improve the outcomes of exercise (147). In
addition, only a few studies have evaluated exercise at different levels of
perceived leg pain during exercise in patients with IC (148). For example, in
an RCT, Novakovi¢ et al. (149) evaluated exercise at moderate pain, pain-free
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exercise (both in treadmill walking) and control. The result showed an
equivalent improvement in walking ability after both exercise programmes.
Further, the authors imply that the exercise at moderate pain may improve the
vascular function to a greater extent, but this study is limited by the small
sample size (149). To summarise, it is unclear which level of IC pain is optimal
for improving walking ability (148).

Fourthly, there is a need to improve exercise adherence. Within an SEP and
HSEP, personal, behavioural and environmental barriers to exercise may need
to be addressed in order to promote and maintain exercise (73). In patients with
chronic disease and older adults, several different components are suggested
for increasing exercise adherence (69). These components include patient
education, related to the diagnosis and the risks and benefits of the exercise
programme, and goal-setting so that patients can have realistic expectations.
Support from and communication with a multidisciplinary team and giving the
patient an active role in self-management and empowerment in relation to the
exercise set-up were other components of importance (69). Moreover, one of
the latest focal points in HSEP are studies that also include mobile health
interventions using wearable activity trackers that provide feedback, guidance
and reminders of physical activity, for example (150).
A recent systematic review and meta-analysis from Kim et al. (150) included
six RCTs that applied Mobile Health-Based Exercise Interventions (mHealth)
in HSEP in patients with PAD. The mHealth interventions included wearable
activity trackers (some of them were interactive), daily activity goal-setting
and regular feedback from health-care professionals. The controls received
walk advice, light resistance training or no intervention, for example. After
twelve weeks of intervention, the mHealth group showed significant
improvements in both treadmill-assessed pain-free and maximum walking and
6MWT distance as compared with control. No significant improvement in
quality of life was reported in the mHealth group. The authors conclude that
an HSEP with mHealth appears to maintain high exercise adherence in patients
with PAD during the study period. However, the exercise adherence was only
reported by two of the included RCTs (> 80% in both studies) (150).

Fifthly, maintaining exercise after ending a study is important. Patients with
IC are recommended lifelong maintenance at least twice a week (4) and
healthcare providers should further help the patients in the transition to the
long-term maintenance of exercise, in the home or in a community-based
setting (39). Moreover, in a recent multicentre RCT, patients with PAD
(n = 190) were randomised to three months of a home-based walking exercise
behavioural change intervention or usual care (151). The intervention was
provided by physiotherapists and aimed to enable patients to continue their
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walking exercise independently after the final follow-up. The patients received
two 60-min in-person visits and two 20-min telephone sessions, a pedometer
and a handbook (included an exercise diary, with individualised goal setting,
progress monitoring, problem-solving, and action planning worksheets). At
three months, a significant between-group result of 16.7 m was found in the
6MWT in favour of the exercise group as compared with control. In addition,
adherence to the four intervention sessions was assessed but not for the actual
performed walking. The study also presented results in the 6MWT up to six
months, but these results were only presented in a per-protocol analysis, due to
a large loss to follow-up (151). This indicates that maintaining exercise after
an intervention may be difficult in this patient population.

Sixthly, what about high-intensity exercise? In 2019, Pymer et al. (152)
conducted a systematic review of high-intensity interval training (HIIT) in
patients with IC. The HIIT was defined as an interval approach conducted at
85% or greater peak heart rate (i.e. >80% maximum exercise capacity or peak
oxygen uptake or a rating of perceived exertion of >15) and the HIIT was
compared with control groups. The interventions lasted from six weeks to six
months. All the included studies showed significant improvements in walking
distance in HIIT as compared with control. Based on limited evidence (owing
to the heterogeneity of the interventions and the small sample sizes in the
included studies), the review provides initial evidence and suggests that an
HIIT is able to improve walking distances and exercise capacity and also
potentially improve quality of life in patients with IC. In addition, the HIIT
was shown to be tolerable and acceptable in patients with IC, as the reported
exercise adherence was generally > 90% and this was reported in the majority
of studies (152).
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5.7 National and international perspectives of exercise and the
role of physiotherapists

As importantly highlighted by international guidelines, patients with PAD are
less likely to receive the best medical treatment (including exercise) as
compared with patients with other forms of cardiovascular disease, including
coronary artery disease (5). In Europe, evidence indicates that SEPs are not
always available or accessible to patients with IC (153). There are several
suggested reasons why SEP is not offered to all patients with IC (154). Firstly,
there is the economic aspect; is SEP covered by healthcare systems? Both the
healthcare settings and the degree of financial coverage for SEP in IC are
different in different countries.

In the United Kingdom, for example, only one third of the total vascular centres
(n="78) were able to offer SEP in 2022 to patients with IC and, of those, only
four offered SEP that was fully compliant with current guidelines. Lack of
resources and low patient adherence were, for example, reported reasons for
not offering SEP (155). Another example is Denmark and in 2019, SEP was
still a largely underutilised tool in the management of patients with IC. Only
10% of vascular surgeons referred patients with IC to SEP to improve walking
distance and only a few of the public rehabilitation departments and none of
the hospitals had a specific rehabilitation programme designed for this patient
population (156). To the best of my knowledge, studies examining in which
extent patients with IC receive SEP in Sweden, are not conducted.

Outside Europe, in the United States for example, it was decided in 2017 that
SEP should be included and covered by the Centres for Medicare & Medicaid
Services for patients with IC (157). However, during the first 19 months after
approval of medical coverage, only 1.3% of the patients that were diagnosed
with IC were enrolled in SEP (158). Additionally, only 5% of the patients that
enrolled in SEP completed all 36 exercise sessions (158). Moreover, in a
survey conducted in 2020 in the United States, approximately half the
respondents, including vascular surgeons, vascular medicine physicians and
cardiologists, reported that no SEP were available at their clinic (159).

Moreover, another question is to whom the vascular surgeons should refer
patients for exercise? The role of physiotherapists within IC treatment differs
around the world. In the United States, for example, physiotherapists are not
included in the list of non-physician practitioners (physician assistants and
nurse practitioners/clinical nurse specialists) and they may therefore
“participate as qualified auxiliary personnel who may be able to deliver the
SEP” (i.e. SEP covered by the Centres for Medicare & Medicaid Services)
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(157). In Europe, vascular surgeons imply that the majority of SEPs in their
countries were managed by physiotherapists (160). In the Netherlands and
Sweden, for example, physiotherapists are the profession who prescribe
exercise. In the Netherlands, through the nationwide network “the
ClaudicatioNet”, physiotherapists have come a long way on developing and
implementing SEP for patients with IC (154). Up to 90% of the patients with
IC in the Netherlands were prescribed SEP in 2011-2015 (161).
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5.8 Clinical implications

The finding in this thesis that the HSEP was shown to be non-inferior to the
SEP increases the knowledge of the effectiveness of exercise in different
settings in patients with IC.

Patients with IC did not increase their daily physical activity when they were
enrolled in an exercise study.

The estimated values of the standard error of measurement or the minimal
detectable change for the 6MWT presented in Paper IV can be used by
physiotherapists as significant thresholds for identifying changes from the
6MWT distance beyond those expected from measurement error and
individual variability in patients with IC.

It is sufficient for a patient with IC to perform one 6MWT, on each test
occasion.
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6 CONCLUSION

= A home-based structured exercise programme was shown to
be non-inferior to a hospital-based supervised exercise
programme in patients with intermittent claudication.

= No significant differences were observed at one year between
the home-based structured exercise programme, hospital-
based supervised exercise programme and walk advice
groups, in any of the study outcomes, including walking
ability, muscle endurance, daily physical activity or patient-
reported outcome measurements of physical function and
health-related quality of life, except in the VascuQoL, where
a few of the domains and the Summary score reached
significant between-group differences over time. A
significantly higher proportion of the patients in the hospital-
based supervised exercise group reached threshold for the
minimally important difference for improvement in the
VascuQoL Summary score at one year.

= The concept of the home-based structured exercise
programme and the hospital-based supervised exercise
programme in this study only attracted a few patients to be
fully adherent to the prescribed exercise. In fact, the observed
low exercise adherence to home-based structured exercise
programme and hospital-based supervised exercise
programme limits the conclusions that can be drawn when
evaluating the effectiveness of the two exercise programmes.

= The six-minute walk test has excellent test-retest reliability in
patients with intermittent claudication and can be
recommended for use in patient evaluation and clinical trials.
For the individual, a change in maximum walking distance of
> 46 m after an intervention would be required to be 95%
confident that the change is significant.
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7 FUTURE PERSPECTIVES

It remains to be seen in future studies whether an individualised exercise
intervention with documented higher exercise adherence may further improve
outcomes in this patient population.

Future research should continue to further develop and evaluate different
modes and settings of exercise in patients with IC and in the extent work with
implementation of exercise programmes in IC in the healthcare system.

An important focus of research should be on elaborating on factors that
increase daily physical activity in exercise-intervention studies in patients with
IC.

Future studies should aim to identify methods for increasing exercise
adherence in this patient population. Future exercise studies should
systematically log, continuously monitor and carefully report patients’
adherence to exercise interventions.

Research is needed about strategies to maintaining exercise after having
finished supervised or structured exercise programme.

72



ACKNOWLEDGEMENT

I would like to express my gratitude to everyone that has supported my work
and supported me during my time as a PhD student. I would like to thank all
the patients in the SUNFIT trial; this thesis would not have been written
without your contribution to science.

Maria Bick, my main supervisor, thank you for believing in me and for your
excellent knowledge, engagement and generosity. | am grateful for your skilful
guidance and great support during my work on this thesis. Thank you for
introducing me in an international context and for your inspiring expertise and
perspectives on research. You are my role model in research.

Joakim Nordanstig, my co-supervisor, thank you for sharing your excellent
knowledge and for believing in me as a PhD-student. I am grateful for your
positive and never ending support, it has been energising. [ am very impressed
by and happy to share your professional writing skills and grateful for your
quick replies.

Lennart Jivegard, my co-author on all four papers. Thank you for sharing
your knowledge and for your invaluable comments throughout the work on the
manuscripts.

Asa Cider, my co-author on all four papers. It has been inspiring to share your
extensive scientific expertise during the work on the manuscripts.

Susanna Wittboldt, my co-author on Papers I and IV, thank you for believing
in me, for your positive support and encouragement.

Birgitta Sigvant, my co-author on Papers I and II, thank you for constructive
criticism during the work on the manuscripts and for your friendly support.

Maria Hagstromer, my co-author on Paper III, I am grateful for your
professional and skilful guidance through the activPAL jungle and for
generously sharing your knowledge of physical activity during the preparation
of the manuscript.

The research nurses at the vascular departments, thank you for all your
invaluable years of work on the patients during the SUNFIT trial.

73



To all the physiotherapists in the SUNFIT trial, thank you for your invaluable
and professional years of work on assessing or exercising the patients.

My fellow doctoral students in physiotherapy at the University of
Gothenburg, for your help, support and inspiring discussions during my time
as a PhD student.

My MedOnk crew with SU’s best team leader, Jenny Larsson, for your
loving support, solutions and friendly attitude to a sometimes confused clinical
colleague.

Linnea Bogren, my physiotherapist colleague, for your tireless work of
controlling the data output from SPSS.

Johanna Lilliecrona, Ulrika Nilsson and Madeleine Brosved my
physiotherapist colleagues, thank you for your never-ending friendly support
and encouragement.

Julia Philip Wigh and Maria Straubel, Heads of the Department of
Physiotherapy at Sahlgrenska University Hospital/Sahlgrenska, thank you for
believing in me and for all the support during my time as a PhD student.

Gunilla Kjellby-Wendt, Head of the Department of Physio- and Occupational
Therapy at Sahlgrenska University Hospital, thank you for providing a creative

and professional environment.

Thanks to all my friends and family, for believing in me and for your loving
support

My parents Annika and Dennis Johansson, for your curiosity and support

My siblings, Anders, Fredrik and Frida and your families, thank you for
loving support

My parents in law, Pia and Sven Tillman, for all your invaluable help with
our daughters, when we unable to manage our daily life puzzle

My husband, Jakob Sandberg, thank you for believing in me and supporting
me during the ups and down on my PhD path

My daughters, Moa and Clara, my love for you is endless

74



This thesis was supported by the following grants:

Research and Development Council for Southern Gothenburg and Bohuslidn
and the Healthcare Board, Region Vistra Goétaland, the Swedish state under
the agreement between the Swedish government and the county councils; the
ALF agreement, the Swedish Heart-Lung Foundation, the Sahlgrenska
University Hospital research fund, Renée Eanders foundation, Svenska
Léakaresillskapet, MEDISAM, the Foundation Handlanden Hjalmar Svenssons
research fund and Doktor Felix Neubergh’s Foundation.

75



REFERENCES

10.

11.

12.

13.

14.

Kottner J, Audige L, Brorson S, Donner A, Gajewski BJ, Hrobjartsson A, et al. Guidelines
for Reporting Reliability and Agreement Studies (GRRAS) were proposed. Int J Nurs
Stud. 2011;48(6):661-71.

Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical
fitness: definitions and distinctions for health-related research. Public health reports
(Washington, DC : 1974). 1985;100(2):126-31.

Conraads VM, Deaton C, Piotrowicz E, Santaularia N, Tierney S, Piepoli MF, et al.
Adherence of heart failure patients to exercise: barriers and possible solutions: a
position statement of the Study Group on Exercise Training in Heart Failure of the Heart
Failure Association of the European Society of Cardiology. Eur J Heart Fail.
2012;14(5):451-8.

Treat-Jacobson D, McDermott MM, Bronas UG, Campia U, Collins TC, Criqui MH, et al.
Optimal Exercise Programs for Patients With Peripheral Artery Disease: A Scientific
Statement From the American Heart Association. Circulation. 2019;139(4):e10-e33.
Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA, Drachman DE, et
al. 2016 AHA/ACC guideline on the management of patients with lower extremity
peripheral artery disease: A report of the American college of cardiology/American
Heart Association Task Force on Clinical Practice Guidelines. Circulation.
2017;135(12):e726-e79.

Rose GA. The diagnosis of ischaemic heart pain and intermittent claudication in field
surveys. Bull World Health Organ. 1962;27(6):645-58.

Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients
for Reliability Research. J Chiropr Med. 2016;15(2):155-63.

Portney LG. Foundations of clinical research : Applications to practice. 3 ed. Edinburg
Gate: Harlow: Pearson Education; 2014.

Kaji AH, Lewis RJ. Noninferiority Trials: Is a New Treatment Almost as Effective as
Another? Jama. 2015;313(23):2371-2.

Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, 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(7):1334-59.

Weir JP. Quantifying test-retest reliability using the intraclass correlation coefficient
and the SEM. J Strength Cond Res. 2005;19(1):231-40.

Bouley JF. Claudication intermittente des membres postérieurs, déterminée par
I'oblitération des arteres fémorales. Rec Méd Vét. 1831;8:517-27.

Brodie BC. Lectures illustrative of various aspects of pathology and surgery. London:
Longman & Co; 1846.

Charcot JM. Sur la claudication intermittente observée dans un cas d’oblitération
compléte de l'une des artéres iliaques primitives. Compt rend Soc Biol
1858/1859;2:225-38.

76



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Dumville JC, Lee AJ, Smith FB, Fowkes FG. The health-related quality of life of people
with peripheral arterial disease in the community: the Edinburgh Artery Study. BrJ Gen
Pract. 2004;54(508):826-31.

Bronas UG, Regensteiner JG. Connecting the past to the present: A historical review of
exercise training for peripheral artery disease. Vasc Med. 2022:1358863x211073620.
Larsen OA, Lassen NA. Effect of daily muscular exercise in patients with intermittent
claudication. Lancet. 1966;2(7473):1093-6.

Dahllof AG, Bjorntorp P, Holm J, Schersten T. Metabolic activity of skeletal muscle in
patients with peripheral arterial insufficiency. Eur J Clin Invest. 1974;4(1):9-15.
Aboyans V, Ricco JB, Bartelink MEL, Bjorck M, Brodmann M, Cohnert T, et al. 2017 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. 2018;39:763-816.

Hiatt WR, Armstrong EJ, Larson CJ, Brass EP. Pathogenesis of the limb manifestations
and exercise limitations in peripheral artery disease. Circ Res. 2015;116(9):1527-39.
Jebari-Benslaiman S, Galicia-Garcia U, Larrea-Sebal A, Olaetxea JR, Alloza |,
Vandenbroeck K, et al. Pathophysiology of Atherosclerosis. Int J Mol Sci. 2022;23(6).
Libby P, Buring JE, Badimon L, Hansson GK, Deanfield J, Bittencourt MS, et al.
Atherosclerosis. Nat Rev Dis Primers. 2019;5(1):56.

Bentzon JF, Otsuka F, Virmani R, Falk E. Mechanisms of plaque formation and rupture.
Circ Res. 2014;114(12):1852-66.

Conte MS, Pomposelli FB, Clair DG, Geraghty PJ, McKinsey JF, Mills JL, et al. Society for
Vascular Surgery practice guidelines for atherosclerotic occlusive disease of the lower
extremities: management of asymptomatic disease and claudication. J Vasc Surg.
2015;61(3 Suppl):2s-41s.

Fowkes FG, Aboyans V, Fowkes FJ, McDermott MM, Sampson UK, Criqui MH. Peripheral
artery disease: epidemiology and global perspectives. Nat Rev Cardiol. 2017;14(3):156-
70.

Rutherford RB, Baker JD, Ernst C, Johnston KW, Porter JM, Ahn S, et al. Recommended
standards for reports dealing with lower extremity ischemia: revised version. J Vasc
Surg. 1997;26(3):517-38.

Song P, Rudan D, Zhu Y, Fowkes FJI, Rahimi K, Fowkes FGR, et al. Global, regional, and
national prevalence and risk factors for peripheral artery disease in 2015: an updated
systematic review and analysis. Lancet Glob Health. 2019;7(8):e1020-e30.

Sigvant B, Wiberg-Hedman K, Bergqvist D, Rolandsson O, Andersson B, Persson E, et al.
A population-based study of peripheral arterial disease prevalence with special focus
on critical limb ischemia and sex differences. J Vasc Surg. 2007;45(6):1185-91.
Hamburg NM, Creager MA. Pathophysiology of Intermittent Claudication in Peripheral
Artery Disease. CircJ. 2017;81(3):281-9.

Golledge J. Update on the pathophysiology and medical treatment of peripheral artery
disease. Nat Rev Cardiol. 2022.

77



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Criqui MH, Aboyans V. Epidemiology of peripheral artery disease. Circ Res.
2015;116(9):1509-26.

Joosten MM, Pai JK, Bertoia ML, Rimm EB, Spiegelman D, Mittleman MA, et al.
Associations between conventional cardiovascular risk factors and risk of peripheral
artery disease in men. Jama. 2012;308(16):1660-7.

Quick CR, Cotton LT. The measured effect of stopping smoking on intermittent
claudication. Br J Surg. 1982;69 Suppl:S24-6.

Broberg C, Lenné R. Fysioterapi profession och vetenskap. Stockholm.
Fysioterapeuterna; 2019.

World Confederation for Physical Therapy. WCPT Polecy statement: Description of
physical therapy [internet]. London: WCPT; 2019. [cited 2022-07-09]. Available from:
https://world.physio/resources/what-is-physiotherapy

World Health Organization. WHO guidelines on physical activity and sedentary
behaviour. Geneva: WHO; 2020.

Kenney WL. Physiology of sport and exercise. 7 ed. Wilmore JH, Costill DL, editors:
Champaign, IL : Human Kinetics; 2020.

Pelliccia A, Sharma S, Gati S, Back M, Borjesson M, Caselli S, et al. 2020 ESC Guidelines
on sports cardiology and exercise in patients with cardiovascular disease. Eur heart J.
2021;42(1):17-96.

Treat-Jacobson D, McDermott MM, Beckman JA, Burt MA, Creager MA, Ehrman JK, 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(13):e700-e10.

Jansen SC, Abaraogu UO, Lauret GJ, Fakhry F, Fokkenrood HJ, Teijink JA. Modes of
exercise training for intermittent claudication. Cochrane Database Syst
Rev.2020;8:Cd009638.

Oakley C, Zwierska I, Tew G, Beard JD, Saxton JM. Nordic poles immediately improve
walking distance in patients with intermittent claudication. Eur J Vasc Endovasc Surg.
2008;36(6):689-94.

Golledge J, Maarij K, Moxon JV, Beard JD, Girold S, Wrang H, et al. Systematic Review
and Meta-analysis of Clinical Trials Examining the Benefit of Exercise Programmes
Using Nordic Walking in Patients With Peripheral Artery Disease. Eur J Vasc Endovasc
Surg 2018;56(4):534-43.

Gommans LN, Fokkenrood HJ, van Dalen HC, Scheltinga MR, Teijink JA, Peters RJ. Safety
of supervised exercise therapy in patients with intermittent claudication. J Vasc Surg.
2015;61(2):512-8.e2.

Waddell A, Seed S, Broom DR, McGregor G, Birkett ST, Harwood AE. Safety of home-
based exercise for people with intermittent claudication: A systematic review. Vasc
Med. 2021:1358863x211060388.

Hiatt WR, Wolfel EE, Meier RH, Regensteiner JG. Superiority of treadmill walking
exercise versus strength training for patients with peripheral arterial disease.
Implications for the mechanism of the training response. Circulation. 1994;90(4):1866-
74.

Lane R, Harwood A, Watson L, Leng GC. Exercise for intermittent claudication.
Cochrane Database Syst Rev. 2017;12:Cd000990.

78



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Hageman D, Fokkenrood HJ, Gommans LN, van den Houten MM, Teijink JA. Supervised
exercise therapy versus home-based exercise therapy versus walking advice for
intermittent claudication. Cochrane Database Syst Rev. 2018;4:Cd005263.

Back M, Jivegard L, Johansson A, Nordanstig J, Svanberg T, Adania UW, et al. Home-
based supervised exercise versus hospital-based supervised exercise or unsupervised
walk advice as treatment for intermittent claudication: a systematic review. J Rehabil
Med. 2015;47(9):801-8.

Parmenter BJ, Mavros Y, Ritti Dias R, King S, Fiatarone Singh M. Resistance training as
a treatment for older persons with peripheral artery disease: a systematic review and
meta-analysis. Br J Sports Med. 2020;54(8):452-61.

Vemulapalli S, Dolor RJ, Hasselblad V, Schmit K, Banks A, Heidenfelder B, et al.
Supervised vs unsupervised exercise for intermittent claudication: A systematic review
and meta-analysis. Am Heart J. 2015;169(6):924-37.e3.

Pymer SA, Ibeggazene S, Palmer J, Tew GA, Ingle L, Smith GE, et al. An Updated
Systematic Review and Meta-Analysis of Home-based Exercise Programmes for
Individuals with Intermittent Claudication. J Vasc Surg. 2021.

Regensteiner JG, Meyer TJ, Krupski WC, Cranford LS, Hiatt WR. Hospital vs home-based
exercise rehabilitation for patients with peripheral arterial occlusive disease.
Angiology. 1997;48(4):291-300.

McDermott MM, Liu K, Guralnik JM, Criqui MH, Spring B, Tian L, et al. Home-based
walking exercise intervention in peripheral artery disease: a randomized clinical trial.
Jama. 2013;310(1):57-65.

McDermott MM, Dayanidhi S, Kosmac K, Saini S, Slysz J, Leeuwenburgh C, et al. Walking
Exercise Therapy Effects on Lower Extremity Skeletal Muscle in Peripheral Artery
Disease. Circ Res. 2021;128(12):1851-67.

Sallis JF, Saelens BE. Assessment of physical activity by self-report: status, limitations,
and future directions. Res Q Exerc Sport. 2000;71 Suppl 2:1-14.

Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A comparison
of direct versus self-report measures for assessing physical activity in adults: a
systematic review. Int J Behav Nutr Phys Act. 2008;5:56.

Reichert M, Giurgiu M, Koch E, Wieland LM, Lautenbach S, Neubauer AB, et al.
Ambulatory Assessment for Physical Activity Research: State of the Science, Best
Practices and Future Directions. Psychol Sport Exerc. 2020;50.

Trost SG, O'Neil M. Clinical use of objective measures of physical activity. Br J Sports
Med. 2014;48(3):178-81.

Tudor-Locke C, Craig CL, Aoyagi Y, Bell RC, Croteau KA, De Bourdeaudhuij I, et al. How
many steps/day are enough? For older adults and special populations. Int J Behav Nutr
Phys Act. 2011;8:80.

Tudor-Locke C, Mora-Gonzalez J, Ducharme SW, Aguiar EJ, Schuna JM, Jr., Barreira TV,
et al. Walking cadence (steps/min) and intensity in 61-85-year-old adults: the
CADENCE-Adults study. Int J Behav Nutr Phys Act. 2021;18(1):129.

Clarke CL, Holdsworth RJ, Ryan CG, Granat MH. Free-living physical activity as a novel
outcome measure in patients with intermittent claudication. Eur J Vasc Endovasc Surg.
2013;45(2):162-7.

79



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

75.

McDermott MM, Spring B, Berger JS, Treat-Jacobson D, Conte MS, Creager MA, et al.
Effect of a Home-Based Exercise Intervention of Wearable Technology and Telephone
Coaching on Walking Performance in Peripheral Artery Disease: The HONOR
Randomized Clinical Trial. Jama. 2018;319(16):1665-76.

Gardner AW, Parker DE, Montgomery PS, Scott KJ, Blevins SM. Efficacy of quantified
home-based exercise and supervised exercise in patients with intermittent
claudication: a randomized controlled trial. Circulation. 2011;123(5):491-8.

Gardner AW, Parker DE, Montgomery PS, Blevins SM. Step-monitored home exercise
improves ambulation, vascular function, and inflammation in symptomatic patients
with peripheral artery disease: a randomized controlled trial. J Am Heart Assoc.
2014;3(5):e001107.

Fokkenrood HJ, Lauret GJ, Verhofstad N, Bendermacher BL, Scheltinga MR, Teijink JA.
The effect of supervised exercise therapy on physical activity and ambulatory activities
in patients with intermittent claudication. Eur J Vasc Endovasc Surg. 2015;49(2):184-
91.

van den Houten MML, Hageman D, Gommans LNM, Kleijnen J, Scheltinga MRM, Teijink
JAW. The Effect of Supervised Exercise, Home Based Exercise and Endovascular
Revascularisation on Physical Activity in Patients With Intermittent Claudication: A
Network Meta-analysis. Eur J Vasc Endovasc Surg. 2019;58(3):383-92.

World Health Organization. Adherence to long-term therapies: evidence for action
[internet]. Geneva: WHO; 2003. [cited 2022-06-10] Available from:
https://apps.who.int/iris/bitstream/handle/10665/42682/9241545992.pdf?sequence
=1&isAllowed=y

Cramer JA, Roy A, Burrell A, Fairchild CJ, Fuldeore MJ, Ollendorf DA, et al. Medication
compliance and persistence: terminology and definitions. Value Health. 2008;11(1):44-
7.

Collado-Mateo D, Lavin-Pérez AM, Pefiacoba C, Del Coso J, Leyton-Roman M, Luque-
Casado A, et al. Key Factors Associated with Adherence to Physical Exercise in Patients
with Chronic Diseases and Older Adults: An Umbrella Review. Int J Environ Res Public
Health. 2021;18(4).

Hawley-Hague H, Horne M, Skelton DA, Todd C. Review of how we should define (and
measure) adherence in studies examining older adults' participation in exercise classes.
BMJ Open. 2016;6(6):e011560.

Evangelista LS. Compliance: a concept analysis. Nursing forum. 1999;34(1):5-11.

Lin E, Nguyen CH, Thomas SG. Completion and adherence rates to exercise
interventions in intermittent claudication: Traditional exercise versus alternative
exercise — a systematic review. Eur J Prev Cardiol. 2019.

Abaraogu U, Ezenwankwo E, Dall P, Tew G, Stuart W, Brittenden J, et al. Barriers and
enablers to walking in individuals with intermittent claudication: A systematic review
to conceptualize a relevant and patient-centered program. PLoS One.
2018;13(7):e0201095.

Kornowski R. Patient Reported Outcomes Measures (PROMS) in Cardiovascular
Disease. Eur Heart J Qual Care Clin Outcomes. 2021.

Black N. Patient reported outcome measures could help transform healthcare. BMJ.
2013;346:f167.

80



76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Brédart A, Marrel A, Abetz-Webb L, Lasch K, Acquadro C. Interviewing to develop
Patient-Reported Outcome (PRO) measures for clinical research: eliciting patients’
experience. Health Qual Life Outcomes. 2014;12:15.

World Health Organization. Constitution of the World Health Organization. 48th ed.
Geneva: Basic documents of the World Health Organization. 2014.

Bergner M. Measurement of health status. Med care. 1985;23(5):696-704.

World Health Organization. Programme on mental health, WHOQOL User Manual.
Measuring Quality of Life. Geneva: WHO; 2012.

Karimi M, Brazier J. Health, Health-Related Quality of Life, and Quality of Life: What is
the Difference? Pharmacoeconomics. 2016;34(7):645-9.

Chong PF, Garratt AM, Golledge J, Greenhalgh RM, Davies AH. The intermittent
claudication questionnaire: a patient-assessed condition-specific health outcome
measure. J Vasc Surg. 2002;36(4):764-IN5.

Spertus J, Jones P, Poler S, Rocha-Singh K. The peripheral artery questionnaire: a new
disease-specific health status measure for patients with peripheral arterial disease. Am
Heart J. 2004;147(2):301-8.

Morgan MB, Crayford T, Murrin B, Fraser SC. Developing the Vascular Quality of Life
Questionnaire: a new disease-specific quality of life measure for use in lower limb
ischemia. J Vasc Surg. 2001;33(4):679-87.

Ouedraogo N, Mahe G, Marchand J, Saidi K, Leftheriotis G, Abraham P. Validation of a
new simple questionnaire to “estimate ambulation capacity by history”(EACH) in
patients with claudication. J Vasc Surg. 2011;54(1):133-8.

Regensteiner JG, Steiner JF, Panzer RJ. Evaluation of walking impairment by
questionnaire in patients with peripheral arterial disease. Vasc Med. 1990;2:142-9.
Sullivan M, Karlsson J. The Swedish SF-36 Health Survey lll. Evaluation of criterion-
based validity: results from normative population. J Clin Epidemiol. 1998;51(11):1105-
13.

Sullivan M, Karlsson J, Ware JE, Jr. The Swedish SF-36 Health Survey--I. Evaluation of
data quality, scaling assumptions, reliability and construct validity across general
populations in Sweden. Soc Sci Med. 1995;41(10):1349-58.

Persson LO, Karlsson J, Bengtsson C, Steen B, Sullivan M. The Swedish SF-36 Health
Survey Il. Evaluation of clinical validity: results from population studies of elderly and
women in Gothenborg. J Clin Epidemiol. 1998;51(11):1095-103.

EuroQol - a new facility for the measurement of health-related quality of life. Health
Policy. 1990;16(3):199-208.

Poku E, Duncan R, Keetharuth A, Essat M, Phillips P, Woods HB, et al. Patient-reported
outcome measures in patients with peripheral arterial disease: a systematic review of
psychometric properties. Health Qual Life Outcomes. 2016;14(1):161.

Frans FA, Zagers MB, Jens S, Bipat S, Reekers JA, Koelemay MJ. The relationship of
walking distances estimated by the patient, on the corridor and on a treadmill, and the
Walking Impairment Questionnaire in intermittent claudication. J Vasc Surg.
2013;57(3):720-7.e1.

Nordanstig J, Broeren M, Hensater M, Perlander A, Osterberg K, Jivegard L. Six-minute
walk test closely correlates to "real-life" outdoor walking capacity and quality of life in
patients with intermittent claudication. J Vasc Surg. 2014;60(2):404-9.

81



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

McDermott MM, Ades PA, Dyer A, Guralnik JM, Kibbe M, Criqui MH. Corridor-based
functional performance measures correlate better with physical activity during daily
life than treadmill measures in persons with peripheral arterial disease. J Vasc Surg.
2008;48(5):1231-7, 7.el.

Pocock SJ, Simon R. Sequential treatment assignment with balancing for prognostic
factors in the controlled clinical trial. Biometrics. 1975;31(1):103-15.

ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care Med. Am
J Respir Crit Care Med. 2002;166(1):111-7.

Borg G. Borg's Perceived exertion and pain scales. Champaign, Ill.: Human Kinetics;
1998.

Hebert-Losier K, Wessman C, Alricsson M, Svantesson U. Updated reliability and
normative values for the standing heel-rise test in healthy adults. Physiotherapy.
2017;103(4):446-52.

Cider A, Carlsson S, Arvidsson C, Andersson B, Sunnerhagen KS. Reliability of clinical
muscular endurance tests in patients with chronic heart failure. Eur J Cardiovasc Nurs.
2006;5(2):122-6.

Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength
in community-residing older adults. Res Q Exerc Sport. 1999refreg;70(2):113-9.
Regensteiner JG, Hiatt WR, Coll JR, Criqui MH, Treat-Jacobson D, McDermott MM, et
al. The impact of peripheral arterial disease on health-related quality of life in the
Peripheral Arterial Disease Awareness, Risk, and Treatment: New Resources for
Survival (PARTNERS) Program. Vasc Med. 2008;13(1):15-24.

Sagar SP, Brown PM, Zelt DT, Pickett WL, Tranmer JE. Further clinical validation of the
walking impairment questionnaire for classification of walking performance in patients
with peripheral artery disease. . Int J Vasc Me. 2012;2012:190641.

Nicolai SP, Kruidenier LM, Rouwet EV, Graffius K, Prins MH, Teijink JA. The walking
impairment questionnaire: an effective tool to assess the effect of treatment in
patients with intermittent claudication. J Vasc Surg. 2009;50(1):89-94.

Barten JA, Pisters MF, Huisman PA, Takken T, Veenhof C. Measurement properties of
patient-specific instruments measuring physical function. J Clin Epidemiol.
2012;65(6):590-601.

Stratford P, Gill C, Westaway M, Binkley J. Assessing disability and change on individual
patients: A report of a patient specific measure. Physiother Can. 1995;47(4):258-63.
Westaway MD, Stratford PW, Binkley JM. The patient-specific functional scale:
validation of its use in persons with neck dysfunction. J Orthop Sports Phys Ther.
1998;27(5):331-8.

Chatman AB, Hyams SP, Neel JM, Binkley JM, Stratford PW, Schomberg A, et al. The
Patient-Specific Functional Scale: measurement properties in patients with knee
dysfunction. Phys Ther. 1997,77(8):820-9.

Cleland JA, Fritz JM, Whitman JM, Palmer JA. The reliability and construct validity of
the Neck Disability Index and patient specific functional scale in patients with cervical
radiculopathy. Spine. 2006;31(5):598-602.

Mathis RA, Taylor JD, Odom BH, Lairamore C. Reliability and Validity of the Patient-
Specific Functional Scale in Community-Dwelling Older Adults. J Geriatr Phys Ther.
2018.

82



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Abbott JH, Schmitt JS. The Patient-Specific Functional Scale was valid for group-level
change comparisons and between-group discrimination. J Clin Epidemiol.
2014;67(6):681-8.

Pettee Gabriel KK, Morrow JR, Jr., Woolsey AL. Framework for physical activity as a
complex and multidimensional behavior. J Phys Act Health. 2012;9 Suppl 1:511-8.
Ware J, Snoww K, Ma K, Bg G. SF36 Health Survey: Manual and Interpretation Guide.
Lincoln, RI: Quality Metric, Inc, 1993. 1993;30.

Nordanstig J, Karlsson J, Pettersson M, Wann-Hansson C. Psychometric properties of
the disease-specific health-related quality of life instrument VascuQol in a Swedish
setting. Health Qual Life Outcomes. 2012;10.

Conijn AP, Jonkers W, Rouwet EV, Vahl AC, Reekers JA, Koelemay MJ. Introducing the
Concept of the Minimally Important Difference to Determine a Clinically Relevant
Change on Patient-Reported Outcome Measures in Patients with Intermittent
Claudication. Cardiovasc Intervent Radiol. 2015;38(5):1112-8.

Sellers C, Dall P, Grant M, Stansfield B. Validity and reliability of the activPAL3 for
measuring posture and stepping in adults and young people. Gait Posture. 2016;43:42-
7.

Cohen J. Statistical power analysis for the behavioural sciences. London/New York:
Academic Press; 1977.

Berchtold A. Test-retest: Agreement or reliability? Method Innov.
2016;9:2059799116672875.

Bland JM, Altman DG. Statistical methods for assessing agreement between two
methods of clinical measurement. Lancet. 1986;1(8476):307-10.

Redelmeier DA, Bayoumi AM, Goldstein RS, Guyatt GH. Interpreting small differences
in functional status: the Six Minute Walk test in chronic lung disease patients. Am J
Respir Crit Care Med. 1997;155(4):1278-82.

Sandberg A, Back M, Cider A, Jivegard L, Sigvant B, Wittboldt S, et al. Effectiveness of
supervised exercise, home-based exercise or walk advice strategies on walking
performance and muscle endurance in patients with intermittent claudication (SUNFIT
trial)-a randomized clinical trial. Eur J Cardiovasc Nurs. 2022.

McDermott MM. Home-Based Walking Exercise for Peripheral Artery Disease. Jama.
2022;327(14):1339-40.

McDermott MM, Guralnik JM, Tian L, Zhao L, Polonsky TS, Kibbe MR, et al. Comparing
6-minute walk versus treadmill walking distance as outcomes in randomized trials of
peripheral artery disease. J Vasc Surg. 2020;71(3):988-1001.

McDermott MM, Guralnik JM, Criqui MH, Liu K, Kibbe MR, Ferrucci L. Six-minute walk
is a better outcome measure than treadmill walking tests in therapeutic trials of
patients with peripheral artery disease. Circulation. 2014;130(1):61-8.

Spafford C, Oakley C, Beard JD. Randomized clinical trial comparing Nordic pole walking
and a standard home exercise programme in patients with intermittent claudication.
BrJ Surg. 2014;101(7):760-7.

Oakley C, Spafford C, Beard JD. A Three Month Home Exercise Programme Augmented
with Nordic Poles for Patients with Intermittent Claudication Enhances Quality of Life
and Continues to Improve Walking Distance and Compliance After One Year. Eur J Vasc
Endovasc Surg. 2017;53(5):704-9.

83



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.
142.

Montgomery PS, Gardner AW. The clinical utility of a six-minute walk test in peripheral
arterial occlusive disease patients. ] Am Geriatr Soc. 1998;46(6):706-11.

Sandberg A, Cider A, Jivegard L, Nordanstig J, Wittboldt S, Back M. Test-retest
reliability, agreement, and minimal detectable change in the 6-minute walk test in
patients with intermittent claudication. J Vasc Surg. 2020;71(1):197-203.

da Cunha-Filho IT, Pereira DA, de Carvalho AM, Campedeli L, Soares M, de Sousa Freitas
J. The reliability of walking tests in people with claudication. Am J Phys Med Rehabil.
2007;86(7):574-82.

Portney LG. Foundations of clinical research : applications to evidence-based practice.
Philadelphia: F.A. Davis; 2020.

Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the
minimal clinically important difference. Controlled Clin trials. 1989;10(4):407-15.
Gardner AW, Montgomery PS, Wang M. Minimal clinically important differences in
treadmill, 6-minute walk, and patient-based outcomes following supervised and home-
based exercise in peripheral artery disease. Vasc Med. 2018;23(4):349-57.

de Vet HC, Terwee CB. The minimal detectable change should not replace the minimal
important difference. J Clin Epidemiol. 2010;63(7):804-5; author reply 6.

Deka P, Pozehl B, Williams MA, Yates B. Adherence to recommended exercise
guidelines in patients with heart failure. Heart Fail Rev. 2017;22(1):41-53.

Moseley GL. Do training diaries affect and reflect adherence to home programs?
Arthritis Rheum. 2006;55(4):662-4.

Harwood AE, Smith GE, Cayton T, Broadbent E, Chetter IC. A Systematic Review of the
Uptake and Adherence Rates to Supervised Exercise Programs in Patients with
Intermittent Claudication. Ann Vasc Surg. 2016;34:280-9.

Conijn AP, Jens S, Terwee CB, Breek JC, Koelemay MJ. Assessing the quality of available
patient reported outcome measures for intermittent claudication: a systematic review
using the COSMIN checklist. Eur J Vasc Endovasc Surg. 2015;49(3):316-34.

Harwood AE, Totty JP, Broadbent E, Smith GE, Chetter IC. Quality of life in patients with
intermittent claudication. Gefasschirurgie. 2017;22(3):159-64.

Arndt H, Nordanstig J, Bertges DJ, Budtz-Lilly J, Venermo M, Espada CL, et al. A Delphi
Consensus on Patient-reported Outcomes for Registries and Trials including Patients
with Intermittent Claudication: Recommendations and Reporting Standard. Eur J Vasc
Endovasc Surg. 2022.

Dyrstad SM, Hansen BH, Holme IM, Anderssen SA. Comparison of self-reported versus
accelerometer-measured physical activity. Med Sci Sports Exerc. 2014;46(1):99-106.
Letter to the editor: standardized use of the terms "sedentary" and "sedentary
behaviours". Appl Physiol Nutr Metab. 2012;37(3):540-2.

Kuster RP, Grooten WIJA, Blom V, Baumgartner D, Hagstrémer M, Ekblom O. How
Accurate and Precise Can We Measure the Posture and the Energy Expenditure
Component of Sedentary Behaviour with One Sensor? Int J Environ Res Public Health.
2021;18(11):5782.

Hahn S. Understanding noninferiority trials. Korean J Pediatr. 2012;55(11):403-7.
McDermott MM, Tian L, Criqui MH, Ferrucci L, Conte MS, Zhao L, et al. Meaningful
change in 6-minute walk in people with peripheral artery disease. J Vasc Surg.
2021;73(1):267-76.el.

84



143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Bellet RN, Adams L, Morris NR. The 6-minute walk test in outpatient cardiac
rehabilitation: validity, reliability and responsiveness--a systematic review.
Physiotherapy. 2012;98(4):277-86.

Ekman |, Swedberg K, Taft C, Lindseth A, Norberg A, Brink E, et al. Person-centered care-
-ready for prime time. Eur J Cardiovasc Nurs. 2011;10(4):248-51.

Harwood AE, Hitchman LH, Ingle L, Doherty P, Chetter IC. Preferred exercise modalities
in patients with intermittent claudication. J Vasc nurs. 2018;36(2):81-4.

Sinnige A, Teijink JAW, Spruijt S, Kittelson AJ, Oude Bos A, Van der Wees PJ, et al. Impact
of Personalized Outcomes Forecasts on Clinical Reasoning of Physical Therapists in
Intermittent Claudication: A Vignette Study. Physical therapy. 2022;102(7):pzac051.
Sharath SE, Kougias P, Barshes NR. The influence of pain-related beliefs on physical
activity and health attitudes in patients with claudication: A pilot study. Vasc Med.
2017;22(5):378-84.

Seed SA, Harwood AE, Sinclair J, Pymer S, Caldow E, Ingle L, et al. A Systematic Review
of Exercise Prescription in Patients with Intermittent Claudication: Does Pain Matter?
Ann Vasc Surg. 2021;77:315-23.

Novakovi¢ M, Krevel B, Rajkovi¢ U, Vizintin Cuderman T, Jansa Trontelj K, Fras Z, et al.
Moderate-pain versus pain-free exercise, walking capacity, and cardiovascular health
in patients with peripheral artery disease. J Vasc Surg. 2019;70(1):148-56.

Kim M, Kim C, Kim E, Choi M. Effectiveness of Mobile Health-Based Exercise
Interventions for Patients with Peripheral Artery Disease: Systematic Review and Meta-
Analysis. JMIR Mhealth Uhealth. 2021;9(2):e24080.

Bearne LM, Volkmer B, Peacock J, Sekhon M, Fisher G, Galea Holmes MN, et al. Effect
of a Home-Based, Walking Exercise Behavior Change Intervention vs Usual Care on
Walking in Adults With Peripheral Artery Disease: The MOSAIC Randomized Clinical
Trial. Jama. 2022;327(14):1344-55.

Pymer S, Palmer J, Harwood AE, Ingle L, Smith GE, Chetter IC. A systematic review of
high-intensity interval training as an exercise intervention for intermittent claudication.
J Vasc Surg. 2019.

Abaraogu UO, Abaraogu OD, Dall PM, Tew G, Stuart W, Brittenden J, et al. Exercise
therapy in routine management of peripheral arterial disease and intermittent
claudication: a scoping review. Ther Adv Cardiovasc Dis. 2020;14:1753944720924270.
Lauret GJ, Gijsbers HJ, Hendriks EJ, Bartelink ML, de Bie RA, Teijink JA. The
ClaudicatioNet concept: design of a national integrated care network providing active
and healthy aging for patients with intermittent claudication. Vasc Health Risk Manag.
2012;8:495-503.

Haque A. Few UK vascular centres offer a fully NICE-compliant supervised exercise
programme: a national audit. Ann R Coll Surg Engl. 2022;104(2):130-7.

Jensen JD, Tang LH, Zwisler AO, Houlind KC, Skou ST. National survey of current practice
and opinions on rehabilitation for intermittent claudication in the Danish Public
Healthcare System. Scand Cardiovasc J. 2019;53(6):361-72.

Jensen TS CJ, Ashby L, Dolan D. Decision Memo for Supervised Exercise Therapy (SET)
for Symptomatic Peripheral Artery Disease (PAD) [internet] Baltimore: Centers for
Medicare & Medicaid Services; 2017. [cited 2022-09-29]. Available from:

85



158.

159.

160.

161.

https://www.cms.gov/medicare-coverage-database/details/nca-
decisionmemo.aspx?NCAId=287.

Divakaran S, Carroll BJ, Chen S, Shen C, Bonaca MP, Secemsky EA. Supervised Exercise
Therapy for Symptomatic Peripheral Artery Disease Among Medicare Beneficiaries
Between 2017 and 2018: Participation Rates and Outcomes. Circ Cardiovasc Qual
Outcomes. 2021;14(8):e007953.

Dua A, Gologorsky R, Savage D, Rens N, Gandhi N, Brooke B, et al. National assessment
of availability, awareness, and utilization of supervised exercise therapy for peripheral
artery disease patients with intermittent claudication. J Vasc Surg. 2020;71(5):1702-7.
Makris GC, Lattimer CR, Lavida A, Geroulakos G. Availability of supervised exercise
programs and the role of structured home-based exercise in peripheral arterial disease.
Eur J Vasc Endovasc Surg 2012;44(6):569-75; discussion 76.

Saxon JT, Safley DM, Mena-Hurtado C, Heyligers J, Fitridge R, Shishehbor M, et al.
Adherence to Guideline-Recommended Therapy-Including Supervised Exercise
Therapy Referral-Across Peripheral Artery Disease Specialty Clinics: Insights From the
International PORTRAIT Registry. ] Am Heart Assoc. 2020;9(3):e012541.

86



APPENDIX

This is a simplified version of the hospital-based supervised exercise
programme, with instructions to the physiotherapist.

Lat1 Gang pa stallet + rita cirklar med armbagarna
Louise Hoffsten: Hoga knduppdrag mét med hand motsatt kna
Only the dead fish follow the Ga pa stéllet och simma med armarna framat och
stream bakat....
Ga tva steg at sidan och sedan tillbaka igen.
Tid: 3.02 Mot armbage mot motsatt knd, 12 stycken at vardera
Latpuls: 60/120 bpm hall
Staende
Lat 2 Gang i ring pa ta, ta, hal, hal
Tomas Ledin: Gang i sidled, forst ena hallet sedan andra hallet (steg-
Genom ett regnigt Europa. ihop med hédnder pa hofter)
Ga och korsa med benen (variera pa linje eller med
Tid: 3.36 langa kliv)
Latpuls: 96 bpm Gang i ring t3, ta, hal, hal
Staende
Lat 3 Tahavningar bilateral med hoftflexion,
Justin Timberlake: cirka 18st
Not a bad thing Dutta med foten framat, vaxla mellan vanster och
hoger
Tid: 4.27 Twist (sida/sida), raka ben, fétter ihop
Latpuls: 81 bpm Kndboj med benstack, cirka 16st
Staende Twist (som ovan)

Utfallsteg, vaxla ben efter varje ca 16st
Dutta med foten (som ovan)

Lat4 Langsam jogging rulla foten framat, sma steg.

Den svenska bjornstammen: Gang i ring t3, ta, hal, hal

Svalkar vinden Hoppsasteg ena hallet .... andra hallet (mkt fotter i
golvet, nasta slapa foten)

Tid: 3.09 Ga och markera med hand ned mot golvet pa vart 4:e —

Latpuls: 92 bpm 8:e steg

Jogging- och gangvarianter

Lat5 8st + 8st: Tahavning- unilateral med rakt kna
Robert Broberg: 20st: Tahavning bilateral med raka knén
Vatten 8st + 8st: (1) BOj kna- (2) ga upp pa ta

Slutet: Unilateral kndbdj
Tid: 2.13

Latpuls: 84 bpm

Staende — handstdd mot t ex
vagg
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Lat6
Per Myrberg, Leppe Sundevall:
Alla snubbar vill ju vara katt

Tid: 5.55
Latpuls: 84 bpm
Gang och joggingvarianter

Jogga pa stillet.

Spring 8 steg fram och 8 steg bakat

Twist

Armkrok spring runt ett par varv och byt sedan hall
(ej vid yrsel).

Knalyft mot med motsatt hand

Lat 7

Melissa Horn och Lars Winnerback:

Som jag hade dig forut

Tid: 3.44
Latpuls: 60 bpm
Sittande

Tahavning, satt tryck pa knana

Hal och kna ihop vik fotbladet in och ut
Fotpromenad ta och hil...

Rakt ben lyft, lange + sma lyft (vinkla foten olika)

Lat 8
Bo Kaspers orkester:
Semester

Tid: 2.13
Latpuls: 84 bpm
Sittande

Res upp till stdende, variera tempo
Kombinationsévning = raka ben framat -> raka ben
isar -> in isar -> ihop (halla i sig)

Lat9
Bjgrn Eidsvag och Lisa Nilsson:
Mysteriet Deg

Tahavning, satt tryck pa knana

Hal och kna ihop vik fotbladet in och ut
Fotpromenad ta och hal...

Rakt ben lyft

Tid: 4.00
Latpuls: 84 bpm
Sittande
Lat 10 Kicka ben och arm fram- at sidor och bakat samt
Ricky Martin: mot med hand
She bangs Gang/Joggning fram- och baklanges
Gang i ring ta, ta, hal, hal
Tid: 4.42 Twist

Latpuls: 134 bpm
Gang och joggingvarianter

Lat 11

Bjorn J:son Lind:
Brusa hogre lilla a
Nedvarvning

Tid: 5.07

Nedvarvning, ga med armrérelser
Stretching av vader, quadriceps, héftadduktorer,
hamstrings och petoraler och triceps

BPM; beats per minute.
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