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ABSTRACT
Introduction  There is currently only one approved 
medication effective at improving walking distance 
in people with intermittent claudication. Preclinical 
data suggest that the β

3-adrenergic receptor agonist 
(mirabegron) could be repurposed to treat intermittent 
claudication associated with peripheral artery disease. 
The aim of the Stimulating β

3-Adrenergic Receptors 
for Peripheral Artery Disease (STAR-PAD) trial is to test 
whether mirabegron improves walking distance in people 
with intermittent claudication.
Methods and analysis  The STAR-PAD trial is a Phase II, 
multicentre, double-blind, randomised, placebo-controlled 
trial of mirabegron versus placebo on walking distance 
in patients with PAD. A total of 120 patients aged ≥40 
years with stable PAD and intermittent claudication 
will be randomly assigned (1:1 ratio) to receive either 
mirabegron (50 mg orally once a day) or matched placebo, 
for 12 weeks. The primary endpoint is change in peak 
walking distance as assessed by a graded treadmill test. 
Secondary endpoints will include: (i) initial claudication 
distance; (ii) average daily step count and total step count 
and (iii) functional status and quality of life assessment. 
Mechanistic substudies will examine potential effects 
of mirabegron on vascular function, including brachial 
artery flow-mediate dilatation; MRI assessment of lower 
limb blood flow, tissue perfusion and arterial stiffness 
and numbers and angiogenesis potential of endothelial 
progenitor cells. Given that mirabegron is safe and 
clinically available for alternative purposes, a positive 
study is positioned to immediately impact patient care.
Ethics and dissemination  The STAR-PAD trial is 
approved by the Northern Sydney Local Health District 

Human Research Ethics Committee (HREC/18/HAWKE/50). 
The study results will be published in peer-reviewed 
medical or scientific journals and presented at scientific 
meetings, regardless of the study outcomes.

Strengths and limitations of this study

►► Stimulating β3-Adrenergic Receptors for Peripheral 
Artery Disease builds on strong cellular and preclin-
ical data that stimulating the β3-adrenergic receptor 
promotes angiogenesis and improved endothelial 
function and may be of benefit for patients with in-
termittent claudication secondary to PAD.

►► This is the first randomised, double-blinded, 
placebo-controlled study of repurposing the clinical-
ly approved β3-adrenergic receptor agonist mirabe-
gron for patients with PAD where there is a major 
unmet need for drugs effective at improving func-
tional walking distance.

►► The primary endpoint of the study, peak walking 
distance, is clinically meaningful and the standard 
for approval of new drugs for treatment of PAD by 
regulatory authorities.

►► The study includes secondary endpoints of average 
daily step count and quality of life as well as mech-
anistic endpoints of endothelial function and angio-
genesis potential.

►► While the study is powered for patient-focussed 
endpoints, a larger study size would be required to 
examine effects on revascularisation, hospitalisation 
and mortality.
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Trial registration number  ACTRN12619000423112; Results.

INTRODUCTION
Atherosclerotic peripheral arterial disease (PAD) is esti-
mated to affect more than 200 million people worldwide1 
(10% of men aged ≥65 years; 20% of men and women 
≥75 years2) and is a strong predictor of cardiovascular 
(CV) mortality.3 During exercise, peripheral limb arterial 
stenoses limit the ability to increase blood flow, leading 
to an oxygen supply/demand mismatch and claudica-
tion. Thus, the primary pathophysiology of PAD is related 
to the limitation in blood flow and abnormal haemody-
namics during exercise. Severe clinical disease is associ-
ated with leg pain at rest and ulceration and gangrene, 
driving hospitalisation, revascularisation procedures and 
eventual amputation. The costs of PAD are both direct 
(medical and surgical intervention and rehabilitation) 
as well as indirect (related to impaired ability of patients 
to partake in the workforce), with the total annual costs 
associated with hospitalisation of patients with PAD in 
the USA in excess of $21 billion.4 This is expected to 
continue to increase with the ageing of the population 
and increasing incidence of diabetes.

Current guidelines focus on risk factor management to 
minimise atherosclerosis progression, including lifestyle 
modifications (weight loss, smoking cessation), lipid-
lowering therapy, antihypertensive therapy5 and the use 
of antiplatelet agents and exercise programmes based on 
excellent randomised controlled trials.6 7 However, the 
uptake and availability of exercise programmes is low.8 9 
As a result, in some developing countries, the only avail-
able treatments for intermittent claudication are endovas-
cular revascularisation but these are costly and associated 
with complications and poor durability.10 Only one medi-
cation is recommended for treating intermittent claudi-
cation by guideline bodies based on some modest benefit 
in randomised trials: cilostazol.11 12 This, however, has 
not been shown to reduce cardiovascular events,13 has a 
limited effect on walking ability and is contraindicated 
or not tolerated by up to 50% of patients.14 15 It is also 
not available on publicly funded benefit schemes in many 
countries, such as Australia, and therefore not accessible 
to many patients. There is therefore an unmet need for 
alternative medical treatment options for patients with 
PAD.

Given the high attrition rates, substantial costs and slow 
pace of new drug discovery and development, repurposing 
of currently approved drugs is an increasingly attractive 
proposition using derisked compounds, with potentially 
lower overall development costs and shorter development 
timelines.16 Our study is an excellent example of such 
drug repurposing which is also featured in the Australian 
Medical Research and Innovation Priorities (2018–2020), 
‘decreasing development costs and decreasing the time 
needed to deliver new therapies to the patient’. We have 
made the initial molecular and cellular discoveries and 
performed the essential cellular and preclinical animal 

studies required to support this clinical study as the 
logical next step. Thus, this short and cost-effective study, 
powered to the major functional endpoint, endorsed by 
international guideline and approving committees, may 
have immediate impact for a patient population in grave 
need.

The generation of nitric oxide (NO) by endothelial 
nitric oxide synthase (eNOS), in a healthy endothe-
lium, is essential for normal physiological regulation of 
blood flow and nutrient delivery to tissues17 and protects 
against the longer-term development of atheroscle-
rosis. Endothelium-derived NO production is reduced 
in patients with PAD18 and this is independently asso-
ciated with adverse long-term outcomes.19 β3ARs are 
expressed in endothelial cells20 where they are coupled 
to eNOS activation.21 22 We have recently demonstrated 
that selective β3AR agonist CL-316,243 strongly protects 
against endothelial dysfunction and redox/NO imbal-
ance.23 We also showed a novel role of β3AR stimulation 
in promoting angiogenesis in endothelial cells in vitro. 
Delivery of CL-316,243 in a mouse model of diabetic PAD 
improved reperfusion following hind limb ischaemia.24

The recent approval of an orally available β3AR agonist, 
mirabegron, for clinical use in overactive bladder 
syndrome, and the demonstrated safety and tolerability of 
this agent in humans makes a phase II clinical trial repur-
posing a β3AR agonist to target PAD immediately feasible. 
Thus, we now present the protocol for STimulating β3 
Adrenergic Receptor in PAD, a novel and low budget, 
double-blind, randomised clinical trial examining the 
hypothesis that the oral β3AR agonist, mirabegron is safe 
and effective in improving lower limb perfusion and func-
tion on a treadmill in patients with PAD.

Objectives
The primary objective of the trial will be to investigate in a 
double-blinded, randomised controlled method whether 
β3AR agonism with mirabegron (50 mg/day) for 12 weeks 
will improve lower-limb perfusion and intermittent clau-
dication in participants with PAD.

The secondary objectives of the study include: (i) to 
examine the mechanisms of action of β3AR agonism on 
human arterial function, including its effect on lower-limb 
blood flow, endothelial function, circulating markers of 
arterial oxidative stress and NO bioavailability and circu-
lating endothelial progenitor cells (EPCs) and (ii) to 
validate novel, cutting-edge MRI-derived measurements 
of tissue perfusion and lower-limb arterial flow dynamics 
as quantitative physiological indices of outcome and as 
predictors of risk in patients with PAD.

METHODS AND ANALYSIS
Study design
The Stimulating β3-Adrenergic Receptors for Peripheral 
Artery Disease (STAR-PAD) trial is a phase II, double-
blind, randomised, placebo-controlled trial investi-
gating whether β3-adrenergic receptor stimulation 
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with mirabegron for 12 weeks is safe and effective in 
improving lower limb perfusion and intermittent 
claudication in patients with stable atherosclerotic 
PAD. After initial screening and assessment for eligi-
bility, including the ability to walk on a treadmill with 
<25% variability in peak walk time (PWT) between two 
consecutive screening treadmill tests, participants will 

be randomised to receive mirabegron (50 mg/day) 
or matching-placebo for 12 weeks (table  1). Partic-
ipants will receive a follow-up phone evaluation 4 
weeks after they have completed the intervention. 
The trial is being conducted under the TGA CTN 
scheme (approved in February 2019) and was regis-
tered with the Australian New Zealand Clinical Trials 

Table 1  Schedule of evaluations for participants who will NOT be undertaking advanced arterial studies

Study periods Screening
Baseline and 
randomisation Treatment

Study week Week −1 Week 0 Week 4 Week 12
(end of treatment)

Week 16
follow-up phone 
call

Study visit window from randomisation ±7 days N/A ±7 days ±7 days ±7 days

Study visit number
(as per patient consent form)

1 2 5 6

Evaluation

 � Informed consent X  �   �   �   �

 � Inclusion/exclusion criteria X X  �   �   �

 � Demographics (DOB, sex, ethnicity) X  �   �   �   �

 � Physical examination (abdomen, 
cardiovascular, mental status, respiratory, 
peripheral oedema)

X  �  X X  �

 � Medical history X  �   �   �   �

 � Vital signs (height, weight, BMI, heart 
rate, BP*3)

X  �  X X  �

 � 12-lead ECG X  �  X X  �

 � Concomitant medications  �  X X X X

 � Randomisation  �  X  �   �   �

 � Prescription  �  X X  �   �

 � Study drug or placebo dispensed  �  X X  �   �

 � Study drug returns and pill counts  �   �  X X  �

 � Patient diary  �  X X X  �

 � Quality of life questionnaires (SF-36, 
EQ-5D-5L, Intermittent Claudication 
Questionnaire)

 �  X  �  X  �

 � Wearable technology (measure of daily 
activities for 4 days)

X  �   �  X  �

 � Cardiovascular-related adverse events 
reporting

 �   �  X X X

 � Other AE/AESI/SAEs  �   �  X X X

 � Pathology blood tests (FBC, EUC, LFT, 
HbA1c, fasting lipids-TC, LDL, HDL,TG)

X  �  X1 X  �

 � Research blood sample collection 
(Laboratory assessments)

 �  X  �  X  �

 � ABI X  �   �  X  �

 � PWT X X  �  X  �

 � Phone follow-up (general health 
condition)

 �   �   �   �  X

ABI, ankle-brachial index; AE, adverse event; AESI, adverse events of special interest; BMI, body mass index; DOB, date of birth; ECG, 
electrocardiogram; EQ-5D-5L, EuroQol-5 Dimension-5 Level; EUC, electrolytes urea creatinine (renal function tests); FBC, full blood 
count; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LFT, liver function tests; PWT, peak walk 
time; SAE, serious adverse event; SF-36, 36-Item Short Form Survey; TC, total cholesterol; TG, triglycerides.
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Registry prior to the commencement of recruitment 
(ACTRN12619000423112).

Endpoints
The primary endpoint of this study will be the change in 
exercise performance reflecting the peak exercise capacity 
of the patient and quantified by PWT at t=12 week vs t=0) 
on a graded treadmill test performed according to the 
Skinner-Gardner protocol.25 Change in exercise perfor-
mance is reproducible and sensitive to treatment effect 
and is the standard for approval of new drugs by the FDA 
and European regulatory authorities for management of 
PAD.

The secondary study endpoints are: (i) change in initial 
claudication distance; (ii) change in average daily step 
count and total step count measured over four consec-
utive days using a wearable device (Misfit Ray) and (iii) 
patient-based assessments of daily function and health-
related quality of life (QoL) using the validated Intermit-
tent Claudication Questionnaire (ICQ)26 and the Health 
Status Survey SF-36 questionnaire (SF-36)27 at Weeks 0 
and 12.

Secondary safety endpoints include (i) severe adverse 
event (SAE); (ii) cardiovascular-related events including 
need for revascularisation or hospitalisation for cardio-
vascular condition; (iii) potentially relevant side effects 
given the known physiological effects of the signalling 
pathway and (iv) biochemistry and renal function.

Mechanistic substudies: To examine the mechanisms 
of action of β3AR stimulation on human arterial func-
tion, including its effect on blood flow, we will conduct 
a number of subgroup analyses. Endothelial function 
will be assessed by measuring brachial artery reactivity by 
flow-mediated brachial artery vasodilation. Circulating 
markers of arterial oxidative stress will be measured 
including plasma glutathione peroxidase, catalase, super-
oxide dismutase, F2-isoprostane 8-iso-prostaglandin F2α 
and thiobarbituric acid reactive substances. NO bioavail-
ability will be assessed by measuring cyclic GMP, nitrate 
to nitrite conversion and eNOS activity. Circulating endo-
thelial colony forming cells will be selectively cultured.

Patient and public involvement
Patient input into the study design was made through 
ongoing consumer engagement sessions. The research 
question and outcome measures have been developed 
to address patient priorities, experience and prefer-
ences. Patient involvement extends to recruitment to 
this study. At the completion of the study, patients will be 
allowed access to the summary results at their request. If 
incidental findings are uncovered during this research, 
participants will have a choice as to whether or not they 
wish to be informed of results that might be of signifi-
cance to their health. The burden of the intervention is 
assessed by patient-based assessments of daily function 
and health-related quality-of-life questionnaires including 
the Intermittent Claudication Questionnaire (ICQ) and 
the Health Status Survey SF-36 questionnaire (SF-36).

Study participants and recruitment
The STAR-PAD trial is recruiting participants from clinics 
within four hospitals in Sydney, Australia, in which they 
receive care for PAD. A total of 120 participants will be 
included in this trial. Participants meeting the initial 
selection criteria will be referred by a clinician at their 
hospital to a single testing site, which is based at Royal 
North Shore Hospital, Sydney. Potential participants 
will be reviewed by trained research staff and provided 
with a written study information sheet and a copy of the 
consent form. Those willing to participate in the study 
will be invited to attend a screening visit in which a phys-
ical examination will be performed, and the participant’s 
relevant anthropometric, physical activity, demographic 
and medical information will be recorded. Additional 
assessment of eligibility will be determined via a series of 
tests, including blood biochemistry, ankle-brachial index 
(ABI) measurement, PWT and ECG (figure  1). Partici-
pant eligibility will be assessed according to the inclusion 
and exclusion criteria as follows (and in online supple-
mental file):

Inclusion criteria
1.	 Aged ≥40 years.
2.	 Atherosclerotic PAD (unilateral or bilateral) with a 

resting ABI <0.95

Figure 1  Study design and flow. ABI, ankle-brachial index; 
PAD, Peripheral Artery Disease; PWT, peak walk time; QOL, 
quality of life.

https://dx.doi.org/10.1136/bmjopen-2021-049858
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5Bubb KJ, et al. BMJ Open 2021;11:e049858. doi:10.1136/bmjopen-2021-049858

Open access

3.	 Stable intermittent claudication for the previous 3 
months not requiring revascularisation.

4.	 Ability to walk on a treadmill with a variability in PWT 
<25% between two consecutive treadmill tests 1 week 
apart.

5.	 Adherence to a stable medical regimen for 3 months.

Exclusion criteria
1.	 Ischaemic leg pain at rest, ulceration or gangrene or 

previous major amputation
2.	 Acute coronary syndrome or revascularisation of coro-

nary/peripheral arteries in last 3 months
3.	 Uncontrolled hypertension (SBP >180 or DBP>100 

mm Hg).
4.	 Active inflammatory, infectious or autoimmune diseas-

es.
5.	 Significant renal impairment (GFR <45 mL/min/1.73 

m2).
6.	 Concomitant illness, physical impairment or mental 

condition that could interfere with effective conduct 
of the study for its duration, including life expectancy 
<3 months.

7.	 Contraindication to mirabegron—including severe 
hepatic impairment (Child-Pugh Class C), moderate 
hepatic impairment (Child-Pugh Class B) concurrent-
ly receiving strong CYP3A inhibitors and pregnant, 
breastfeeding or fertile female patients without appro-
priate contraception.

Consent
Written informed consent will be obtained at the start of 
the screening visit for all participants willing to proceed 
with the study. Screening visits will be conducted by 
trained research staff and written informed consent will 
be obtained by a study subinvestigator who is a clinician. 
As a part of the discussion for obtaining consent, potential 
participants will be informed that the screening process 
will determine eligibility for the study and that signing 
the consent form does not guarantee enrolment into the 
study. A signed copy of the participant information sheet 
and the consent form will be given to the patient along 
with a copy of the withdrawal of consent form.

Randomisation and allocation concealment
After screening and confirmation of eligibility, partic-
ipants will be randomised (1:1) to receive either mira-
begron (50 mg) or matching placebo once daily in 
oral tablet form, for 12 weeks. Randomisation will be 
performed using randomly permuted blocks produced 
by the NHMRC Clinical Trials Centre, Camperdown, 
Australia and supplied directly to the distributing clinical 
trials pharmacist. All study medications will be re-encap-
sulated and concealed by identical packaging.

Blinding
The study participants and the study investigators will be 
blinded to treatment allocation, with the exception of 
the clinical trials pharmacist at the study test site and the 
unblinded statistician reporting to the Independent Data 

& Safety Monitoring Committee (IDSMC). Statistical 
analyses will be performed and validated by statisticians 
and programmers blinded to group allocation.

Interventions
Participants will be randomised to receive mirabegron (50 
mg) or matching placebo once a day in oral form for 12 
weeks. Mirabegron will be purchased from Astellas Phar-
maceuticals and blinded via re-encapsulation by a cGMP 
licenced manufacturing facility (PCI Pharma Services). 
The comparator placebo formulation is a gelatin capsule 
packed with microcrystalline cellulose and appears iden-
tical to the interventional product on the exterior due to 
overencapsulation. The active study drug (mirabegron) 
and matching placebo will be shipped with pull-off identi-
fication tags and clinical trial pharmacy at the testing site 
will manage the dispensary of study drugs to participants 
after randomisation.

Study outcomes
Participant characteristics, anthropometry and hemodynamic 
parameters
Baseline participant characteristics, such as age, sex, 
ethnicity, clinical history (including comorbidities, 
tobacco smoking history, alcohol use or other substance 
use) and current medication history, will be collected. A 
study subinvestigator who is a clinician will also perform a 
physical examination (to assess the cardiovascular, respi-
ratory and gastrointestinal systems and to assess mental 
status and for peripheral oedema) and a 12-lead ECG at 
baseline, 4 and 12 weeks. Basic anthropometry (height, 
weight and body mass index) and haemodynamic param-
eters (heart rate and blood pressure, after 10 min of rest) 
will be measured at baseline, 4 and 12 weeks.

Blood biochemistry
Venous blood samples (20 mL) will be taken at baseline, 
4 and 12 weeks. At baseline and 12 weeks, blood will be 
taken after fasting for >8 hours to assess fasting lipids and 
lipoproteins (total cholesterol, LDL-cholesterol, HDL-
cholesterol and triglycerides), fasting glucose, HbA1c, 
a full blood count and renal and liver biochemistry. In 
addition, a full blood count and renal and liver function 
will be assessed at 4 weeks (non-fasting). Additional blood 
samples will be obtained for exploratory and mechanistic 
studies (described in detail below).

Primary study outcome
The primary study outcome is change in exercise perfor-
mance assessed by a graded treadmill test, reflecting the 
peak exercise capacity of the patient. It will be quanti-
fied as the PWT in minutes, at 12 weeks compared with 
baseline, using the Skinner-Gardner protocol.25 Change in 
exercise performance is reproducible and sensitive to 
treatment effect and is the standard for approval of new 
drugs by the FDA and European regulatory authorities 
for management of PAD.
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Secondary study outcomes
Additional treadmill endpoints.
Initial claudication distance will be measured as the 
distance walked before the onset of ischaemic leg pain.

Average daily step count and total count measured over 
four consecutive days using the Misfit Ray wearable device 
or equivalent.

Functional status and QoL) assessment.
Functional status will also be assessed by the validated 
Intermittent Claudication Questionnaire (ICQ)26 and 
the Health Status Survey SF-36 questionnaire (SF-36)27 
at both time points. The ICQ is a self-administered, 
condition-specific, validated measure of QoL in inter-
mittent claudication. A 5-point scale is used to rate the 
limitation or frequency of claudication on 16 items, 
resulting in a score ranging from 0 (best) to 100 (worst). 
International consensus statements have stressed that 
QoL instruments should be used in all claudication trials 
and, ultimately, that QoL measurements may become the 
primary endpoints.28

Ankle-brachial index (ABI)
ABI, a validated and clinically used tool, will be measured 
after 10 min of supine rest with a hand-held Doppler. 
Systolic pressures are measured at the dorsalis pedis, 
posterior tibial and brachial arteries bilaterally.29 The 
right and left ABI values will be calculated by taking the 
higher pressure of the two arteries at each ankle, divided 
by the higher of the two brachial pressures. The index 
ABI is defined as the ABI of the extremity with the lowest 
value.

Mechanistic endpoints
Brachial artery flow-mediated dilatation and glyceryl trinitrate 
responsiveness
Flow-mediated brachial artery vasodilatation will be 
used to assess endothelial function with the use of an 
Acuson Sequoia C256 high-resolution ultrasound unit 
with a 14-mHz probe (Siemens).30 Vascular studies will be 
performed in a quiet, darkened room with the patient 
fasting. After measurement of the brachial artery diam-
eter, a blood pressure cuff on the forearm will be inflated 
to a pressure of 50 mm Hg above systolic pressure for 5 
min. After deflation, measurements of the brachial artery 
diameter are performed at 30, 45 and 60 s during reac-
tive hyperaemia. Electronic callipers will be used for the 
measurement of artery diameter. Flow-mediated vasodila-
tion will be expressed as the maximal per cent change in 
diameter from the resting condition during the period of 
reactive hyperaemia (table 2).

(i) Measurement of levels of nitric oxide, markers of oxidative stress 
and NO signalling
Arterial NO/redox balance will be measured using blood 
markers of oxidative stress and NO signalling estab-
lished in our laboratories. Well-characterised markers 
of redox status will be measured. These include plasma 
glutathione peroxidase, catalase, superoxide dismutase, 

F2-isoprostane 8-iso-prostaglandin F2α and thiobarbi-
turic acid reactive substances. NO bioavailability will 
be assessed by measuring plasma and urinary nitrogen 
oxides and cyclic GMP. Peripheral blood mononuclear 
cells will be extracted and used for selective cell culturing 
as outlined below (ii and iii). From this, we will measure 
cellular eNOS activity and NADPH oxidase 2 activity as 
well as macrophage myeloperoxidase activity. Expression 
levels of protective enzymes glutaredoxin, thioredoxin 1 
and superoxide dismutase will also be measured in eryth-
rocytes and microparticles.

(ii) Circulating endothelial colony forming cells (ECFCs) by flow 
cytometry
Circulating ECFCs have the ability to repair endothelial 
damage and are involved in angiogenesis in ischaemic 
limbs. We will use flow cytometry to quantify the number 
of ECFCs circulating in patients receiving mirabegron 
vs placebo. Briefly, fresh, whole blood will be assessed 
and circulating EPCs will be detected as CD45-/CD31+/
CD133+ as described previously.31

(iii) ECFC growth kinetics in vitro
The rates of spontaneous growth of ECFCs will be assessed 
from the peripheral blood mononuclear cell fractions 
of whole blood, obtained by Ficoll gradient separation 
and plated in 0.1% gelatin-coated wells of 24-well plates 
in endothelial cell conditioned culture media.24 32 Cell 
morphology, eNOS expression, number and rate of devel-
opment and CD31/CD133 expression will be correlated 
to patient profile and treatment group. Measures of 
oxidative stress and NO bioavailability will be performed 
as outlined above (i).

(iv) ECFC-derived angiogenesis in ex vivo models
Well-characterised in vitro assays of angiogenesis that 
are standard in our laboratory will be used to compare 
behaviour of cells from mirabegron vs placebo subjects 
including (a) tubule formation assay33 where 5×104 
cells are plated onto reduced-growth factor basement 
membrane extract (Cultrex) in wells of 96-well plates 
using endothelial cell growth medium with reduced 
serum content (Lonza) and tubule formation is moni-
tored by time lapse video microscopy over 16 hours; (b) 
cell migration assays assessing re-endothelialisation of 
‘wounds’ on confluent endothelial cell monolayers and 
migration/invasion assays using 5 µm Boyden cham-
bers (Merck Millipore); (c) cell proliferation rate using 
manual trypan blue exclusion counting and/or BrDu 
incorporation in serum-starved cells plated at low density 
with serum-stimulation of proliferation.

Adverse events
An Independent Data and Safety Monitoring Committee 
(IDSMC) will be established and provide final recom-
mendations to the regarding interim analysis and stop-
ping rules for safety, efficacy and futility. All SAEs and 
cardiovascular-related adverse events experienced after 
randomisation and until 16 weeks (ie, 4 weeks after 
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completion of the intervention phase of the trial) will be 
collected and reported to the Trial Steering Committee 
and IDSMC. A study clinician will assess the causality 
and expectedness of any events thought to be related to 
the study drug. An adverse event is deemed serious if it 
results in death, is life threatening, requires hospitalisa-
tion or prolongation of existing hospitalisation, results 
in persistent or significant disability/incapacity, a medi-
cally important event or drug reaction or any event that 
requires medical or surgical intervention to prevent a 

serious outcome. Serious and cardiovascular-related 
adverse events will be reported without delay and will be 
followed up until resolved or resulting in the patients’ 
death. Adverse events that do not fall into these catego-
ries are defined as non-serious. A process has been devel-
oped to facilitate emergency unblinding when essential 
to protect and individual participant’s safety. If an adverse 
event occurs that is suspected by treating physician to be 
related to the investigational product, the study treatment 
will be discontinued and the participant referred back to 

Table 2  Schedule of evaluations for participants who will be undertaking advanced arterial studies

Study periods Screening Baseline Randomisation Treatment

Study week Week −3 Week −2 Week 0 Week 4 Week 12
(end of 
treatment)

Week 16
(end of 
study)

Study visit window from randomisation ±21 days ±14 days N/A ±7 
days

±7 days ±7 days

Study visit number
(as per patient consent form)

1 2 3 and 4 5 6, 7 and 8

Evaluation

 � Informed consent X  �   �   �   �   �

 � Inclusion/exclusion criteria X X X  �   �   �

 � Demographics (DOB, sex, ethnicity) X  �   �   �   �   �

 � Physical examination (abdomen, cardiovascular, mental 
status, respiratory, peripheral oedema)

X  �   �  X X  �

 � Medical History X  �   �   �   �   �

 � Vital signs (height, weight, BMI, heart rate, BP*3) X  �   �  X X  �

 � 12-lead ECG X  �   �  X X  �

 � Concomitant medications  �  X  �  X X X

 � Randomisation  �   �  X  �   �   �

 � Prescription  �   �  X X  �   �

 � Study drug or placebo dispensed  �   �  X X  �   �

 � Study drug returns and pill counts  �   �   �  X X  �

 � Patient diary  �   �  X X X  �

 � Quality of life questionnaires (SF-36, EQ-5D-5L, 
Intermittent Claudication Questionnaire)

 �  X  �   �  X  �

 � Wearable technology (measure of daily activities for 4 days) X  �   �   �  X  �

 � Cardiovascular-related adverse events reporting  �   �   �  X X X

 � Other AE/AESI/SAEs  �   �   �  X X X

 � Pathology blood tests (FBC, EUC, LFT, HbA1c, fasting 
lipids-TC, LDL, HDL,TG)*

X  �   �  X1 X  �

 � Research blood sample collection (Laboratory 
assessments)

 �  X  �   �  X  �

 � ABI X  �   �   �  X  �

 � PWT X X  �   �  X  �

 � Advanced arterial studies (MRI flow and perfusion; brachial 
arterial reactivity)†

 �   �  X  �  X  �

 � Phone follow-up (general health condition)  �   �   �   �   �  X

*Only FBC, EUC, LFT will be tested at the week 4 visit.
†Advanced arterial studies will be conducted in a subset of patients enrolled at participating sites.
ABI, ankle-brachial index; AE, adverse event; AESI, adverse events of special interest; BMI, body mass index; DOB, date of birth; ECG, 
electrocardiogram; EQ-5D-5L, EuroQol-5 Dimension-5 Level; EUC, electrolytes urea creatinine (renal function tests); FBC, full blood count; HbA1c, 
haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LFT, liver function tests; MRI, magnetic resonance imaging; PWT, peak 
walk time; SAE, serious adverse event; SF-36, 36-Item Short Form Survey; TC, total cholesterol; TG, triglycerides.
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primary care physician. Compensation may be available 
for participants if injury or complication is caused by the 
study drug or procedures.

All adverse events will be reviewed by the IDSMC on 
a 3-monthly basis and serious adverse events (SAE) will 
be immediately referred to the chair. The study will be 
stopped in the event of a serious adverse effect that is 
deemed to be caused by the investigational product. The 
IDSMC and Trial Management Committee will finalise 
the interim analysis and study stopping rules prior to 
data unblinding. This will include an interim analysis 
when 50% of the study has been completed. Stopping will 
occur if efficacy has been demonstrated in the primary 
endpoint and biological mechanism, brachial artery reac-
tivity. Futility will not be assessed due to modest study size.

Statistical analysis
All analyses of study outcomes will be conducted according 
to the principle of intention-to-treat. The primary analysis 
of change in PWT at 12 weeks will be performed using 
an analysis of covariance (ANCOVA) with adjustment 
for baseline PWT. Continuous secondary outcomes will 
be analysed similarly. Because of skewed distributions for 
QoL measures and brachial artery flow-mediated dilation, 
differences for these outcomes will be compared using 
Kruskal-Wallis analysis of variance and Wilcoxon rank 
sum tests. In the case of binary endpoints, log-binomial 
or logistic regression will be used. There will also be 
predefined subgroup analyses (eg, by age and sex). A 
detailed statistical analysis plan will be finalised prior to 
database lock and unblinding.

Sample size calculation
Power calculations were performed using results from 
the recently published CLEVER study (of similar patients 
with PAD) and our clinical experience regarding func-
tionally relevant difference in treadmill performance. We 
assumed treatment with mirabegron will result in a more 
conservative improvement in PWT of 2 min, compared 
with the ~4.6 min achieved by the supervised exercise 
intervention of CLEVER.34 We took into consideration 
the increase in SD seen at 6-month time point and ran 
calculations assuming that the SD for change from base-
line will be 2 in the placebo arm and 4 in the mirabe-
gron arm. A sample size of 54 participants per group will 
provide 90% power (type-I error rate=5%) to detect a 2.0 
min difference between intervention and control arms. 
Thus, to allow for ~10% out of patients lost to follow-up, 
120 patients will be randomised (n=60 per group).

ETHICS AND DISSEMINATION
Ethics, protocol amendments, dissemination and 
confidentiality
This study is approved by the Northern Sydney Local 
Health District Human Research Ethics Committee 
(HREC/18/HAWKE/50) and will be conducted in agree-
ment with the Declaration of Helsinki. Written informed 

consent will be obtain from all participants in the study 
prior to the collection of study data. Any significant 
protocol amendments will be reported to the local ethics 
committee and the Australian New Zealand Clinical Trials 
Registry and will be communicated in the primary RCT 
publication. The conduct of this trial will be overseen by 
the Trial Steering Committee (authors). The study results 
will be published in peer-reviewed medical or scientific 
journals and presented at scientific meetings by the study 
investigators, regardless of the study outcomes. Neither 
the sponsor nor any funders will be involved in the anal-
ysis and interpretation of data, nor any resulting publica-
tions or presentations. No identifiable information will be 
published.

All data arising from this study will be stored in a confi-
dential manner and within a secure location. Clinical 
site principal investigators will have direct access to their 
own site’s data set. All principal investigators will be given 
access to the de-identified, cleaned data set as requested.

Safety and adverse event reporting
An IDSMC will be established. Standard clinical trial 
protocol for adverse event reporting for Investigational 
Medicinal Products (safety monitoring and reporting 
in clinical trials involving therapeutic goods, NHMRC 
November 2016) will be followed. Professor Figtree 
will be responsible for reporting to regulatory bodies. 
Patients who have side effects from treatment sufficient 
to require a change of therapy will have study treatment 
stopped (without the need to un-blind or alter follow-up 
measurements) and will be referred back to the referring 
clinician to be managed according to standard clinical 
practice. Given the demonstrated tolerability in trials and 
clinical practice in cohorts of similar age being treated for 
bladder instability, and the relatively short time frame of 
the study, we do not expect significant patient loss due to 
side effects or tolerability, although for purposes of power 
calculations, we will allow for 20% dropout.

►► Severe adverse event (SAE): Percentage of interven-
tional or control group with any SAE including major 
adverse cardiac events.

►► Potentially relevant side effects: Percentage with poten-
tially relevant side effects (dizziness, blurred vision, 
syncope/collapse/fall, chest pain/angina, shortness 
of breath, cough, wheeze, ankle oedema, skin rash, 
itching, gout, other), in addition to bladder specific 
questions (exclude increased incidence of atonic 
bladder).

►► Biochemistry and renal function: change in mean potas-
sium, uric acid, blood glucose, cholesterol and subfrac-
tions, ALT, AST, UACR (urine albumin-to-creatinine 
ratio) and creatinine levels.

DISCUSSION
The STAR-PAD Study, derived from our own team’s 
biomedical discoveries, is the first clinical trial to examine 
the efficacy of β3AR agonists in PAD. Confirmation that 
a clinically safe and clinically available β3AR agonist 
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improves lower limb perfusion in patients with PAD has 
the potential for immediate benefit to a large patient 
group with limited medical options, many of whom are 
currently undergoing recurrent expensive surgical proce-
dures with poor long-term results. This bench to bedside 
programme is summarised in the schematic figure 2. The 
trial is powered to determine impact of mirabegron on 
one of the key primary endpoints (PWT) that has been 
endorsed by international guideline bodies as well as 
both the FDA and European regulatory authorities in 
approving new therapies for PAD. However, in addition to 
influencing these bodies and practice in itself, the study’s 
primary and secondary mechanistic endpoints will guide 
further large international clinical studies that include 
endpoints of hospitalisation, revascularisation, cardiovas-
cular death, in addition to wound healing.

Author affiliations
1Faculty of Medicine and Health, University of Sydney, Sydney, New South Wales, 
Australia
2Kolling Institute of Medical Research, Cardiothoracic and Vascular Health, 
University of Sydney, St Leonards, New South Wales, Australia
3Department of Cardiology, Royal North Shore Hospital, St Leonards, New South 
Wales, Australia
4Concord Repatriation General Hospital, Concord, New South Wales, Australia
5The George Institute for Global Health, UNSW Sydney, Newtown, New South Wales, 
Australia
6Westmead Applied Research Centre, Faculty of Medicine and Health, University of 
Sydney, Westmead, New South Wales, Australia
7Department of Cardiology, Westmead Hospital, Westmead, New South Wales, 
Australia
8Vascular Biology Unit, James Cook University Queensland Research Centre for 
Peripheral Vascular Disease, Townsville, Queensland, Australia
9NHMRC Clinical Trials Centre, University of Sydney, Camperdown, New South 
Wales, Australia
10The Heart Research Institute, Newtown, New South Wales, Australia
11Charles Perkins Centre, University of Sydney, Camperdown, New South Wales, 
Australia
12Department of Cardiology, Royal Prince Alfred Hospital, Camperdown, New South 
Wales, Australia
13Boston University, Boston, Massachusetts, USA

14Vascular Surgery, North Shore Private Hospital, Sydney, New South Wales, 
Australia

Twitter Sarah Joy Aitken @drsarahaitken and Gemma A Figtree @gemtreee

Acknowledgements  The authors would like to thank all patient advisers who 
contributed to the design of this study.

Contributors  KJB and GAF conceived the original concept for the study. KJB, JAH, 
MF, SJA, LB, CC, JG, RM, MPG, SMG, NH, ACK, SP, VP and GAF contributed to the 
design of the study and are involved in the implementation of the project. LB, CC, 
RM and ACK provided specific expertise on study randomisation and statistical 
analysis. SJA, SP, VP and MPG assisted with establishing recruiting sites and site-
specific governance. JAH, JG and SMG provided technical advice and assisted with 
protocol development for limb functional measurements and treadmill protocols. 
GAF, KJB, JAH, ZSA, MPG and MF drafted this manuscript. All authors have read and 
approved the final manuscript.

Funding  The initial stages of recruitment (first 20 patients) for this study will be 
funded by a National Heart Foundation Vanguard Grant, starting in 2018 (Grant 
number 101687). Additional funding sources have been approached.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  This study was approved by the Human Research 
Ethics Committee of the Northern Sydney Local Health District, Sydney, 
Australia—HREC/18/HAWKE/50.

Provenance and peer review  Not commissioned; externally peer reviewed.

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

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Laurent Billot http://​orcid.​org/​0000-​0002-​4975-​9793
Jonathan Golledge http://​orcid.​org/​0000-​0002-​7727-​526X
Gemma A Figtree http://​orcid.​org/​0000-​0002-​5080-​6083

REFERENCES
	 1	 Fowkes FGR, Rudan D, Rudan I, et al. Comparison of global 

estimates of prevalence and risk factors for peripheral artery 
disease in 2000 and 2010: a systematic review and analysis. Lancet 
2013;382:1329–40.

	 2	 Allison MA, Ho E, Denenberg JO, et al. Ethnic-specific prevalence 
of peripheral arterial disease in the United States. Am J Prev Med 
2007;32:328–33.

	 3	 Norgren L, Hiatt WR, Dormandy JA, et al. Inter-society consensus for 
the management of peripheral arterial disease (TASC II). J Vasc Surg 
2007;45 Suppl S:S5–67.

	 4	 Mahoney EM, Wang K, Cohen DJ, et al. One-year costs in patients 
with a history of or at risk for atherothrombosis in the United States. 
Circ Cardiovasc Qual Outcomes 2008;1:38–45.

	 5	 European Stroke Organisation, Tendera M, Aboyans V, et al. Esc 
guidelines on the diagnosis and treatment of peripheral artery 
diseases: document covering atherosclerotic disease of extracranial 
carotid and vertebral, mesenteric, renal, upper and lower extremity 
arteries: the task force on the diagnosis and treatment of peripheral 
artery diseases of the European Society of cardiology (ESC). Eur 
Heart J 2011;32:2851–906.

	 6	 Fakhry F, Fokkenrood HJ, Spronk S, et al. Endovascular 
revascularisation versus conservative management for intermittent 
claudication. Cochrane Database Syst Rev 2018;3:CD010512.

Figure 2  Schematic summary of the path from discovery 
at a cellular and molecular level, through to in vivo animal 
studies, and now to a clinical trial repurposing Mirabegron to 
benefit patients with PAD and intermittent claudication. This 
has potential for immediate translation to clinical practice 
and guidelines given the unmet need, and the proven safety 
record of the agent. PAD, peripheral artery disease.

https://twitter.com/drsarahaitken
https://twitter.com/gemtreee
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4975-9793
http://orcid.org/0000-0002-7727-526X
http://orcid.org/0000-0002-5080-6083
http://dx.doi.org/10.1016/S0140-6736(13)61249-0
http://dx.doi.org/10.1016/j.amepre.2006.12.010
http://dx.doi.org/10.1016/j.jvs.2006.12.037
http://dx.doi.org/10.1161/CIRCOUTCOMES.108.775247
http://dx.doi.org/10.1093/eurheartj/ehr211
http://dx.doi.org/10.1093/eurheartj/ehr211
http://dx.doi.org/10.1002/14651858.CD010512.pub2


10 Bubb KJ, et al. BMJ Open 2021;11:e049858. doi:10.1136/bmjopen-2021-049858

Open access�

	 7	 Salhiyyah K, Forster R, Senanayake E, et al. Pentoxifylline 
for intermittent claudication. Cochrane Database Syst Rev 
2015;9:CD005262.

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

	 9	 Zakari M, Alsahly M, Koch LG, et al. Are there limitations to exercise 
benefits in peripheral arterial disease? Front Cardiovasc Med 
2018;5:173.

	10	 Golledge J, Moxon JV, Rowbotham S, et al. Risk of major amputation 
in patients with intermittent claudication undergoing early 
revascularization. Br J Surg 2018;105:699–708.

	11	 Excellence, NNIfHC. Peripheral arterial disease: diagnosis and 
management. In: Guidance and guidelines. NICE, 2014.

	12	 Excellence, NNIfHC. Cilostazol, naftidrofuryl oxalate, pentoxifylline 
and inositol nicotinate for the treatment of intermittent claudication in 
people with peripheral arterial disease. In: Guidance and guidelines, 
2011.

	13	 Bonnefond A, Skrobek B, Lobbens S, et al. Association between 
large detectable clonal mosaicism and type 2 diabetes with vascular 
complications. Nat Genet 2013;45:1040–3.

	14	 Castellsague J, Perez-Gutthann S, Calingaert B, et al. 
Characterization of new users of cilostazol in the UK, Spain, Sweden, 
and Germany. Pharmacoepidemiol Drug Saf 2017;26:615–24.

	15	 Real J, Serna MC, Giner-Soriano M. Safety of cilostazol in peripheral 
artery disease: a cohort from a primary healthcare electronic 
database. BMC Cardiovasc Disord 2018;18:85.

	16	 Pushpakom S, Iorio F, Eyers PA, et al. Drug repurposing: 
progress, challenges and recommendations. Nat Rev Drug Discov 
2019;18:41–58.

	17	 Loscalzo J, Welch G. Nitric oxide and its role in the cardiovascular 
system. Prog Cardiovasc Dis 1995;38:87–104.

	18	 Gerhard-Herman M, Gardin JM, Jaff M, et al. Guidelines for 
noninvasive vascular laboratory testing: a report from the american 
society of echocardiography and the society of vascular medicine 
and biology. J Am Soc Echocardiogr 2006;19:955–72.

	19	 Gokce N, Keaney JF, Hunter LM, et al. Predictive value of 
noninvasively determined endothelial dysfunction for long-term 
cardiovascular events in patients with peripheral vascular disease.  
J Am Coll Cardiol 2003;41:1769–75.

	20	 Dessy C, Moniotte S, Ghisdal P, et al. Endothelial beta3-
adrenoceptors mediate vasorelaxation of human coronary 
microarteries through nitric oxide and endothelium-dependent 
hyperpolarization. Circulation 2004;110:948–54.

	21	 Bundgaard H, Liu C-C, Garcia A, et al. β(3) adrenergic stimulation 
of the cardiac Na+-K+ pump by reversal of an inhibitory oxidative 
modification. Circulation 2010;122:2699–708.

	22	 Galougahi KK, Liu C-C, Bundgaard H, et al. β-Adrenergic regulation 
of the cardiac Na+-K+ ATPase mediated by oxidative signaling. 
Trends Cardiovasc Med 2012;22:83–7.

	23	 Karimi Galougahi K, Liu Chia‐Chi, Garcia A, et al. β3 Adrenergic 
Stimulation Restores Nitric Oxide/Redox Balance and Enhances 
Endothelial Function in Hyperglycemia. J Am Heart Assoc 2016;5. 
doi:10.1161/JAHA.115.002824. [Epub ahead of print: 19 Feb 2016].

	24	 Bubb KJ, Ravindran D, Cartland SP, et al. β 3 Adrenergic Receptor 
Stimulation Promotes Reperfusion in Ischemic Limbs in a Murine 
Diabetic Model. Front Pharmacol 2021;12:666334.

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

	26	 Chong PFS, Garratt AM, Golledge J, et al. The intermittent 
claudication questionnaire: a patient-assessed condition-specific 
health outcome measure. J Vasc Surg 2002;36:764–71.

	27	 Regensteiner JG, Hiatt WR, Coll JR, 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;13:15–24.

	28	 Labs KH, Dormandy JA, Jaeger KA, et al. Trans-Atlantic conference 
on clinical trial guidelines in PAOD (peripheral arterial occlusive 
disease) clinical trial methodology. Eur J Vasc Endovasc Surg 
1999;18:253–65.

	29	 Yao ST, Hobbs JT, Irvine WT. Ankle systolic pressure measurements 
in arterial disease affecting the lower extremities. Br J Surg 
1969;56:676–9.

	30	 Celermajer DS, Sorensen KE, Gooch VM, et al. Non-invasive 
detection of endothelial dysfunction in children and adults at risk of 
atherosclerosis. Lancet 1992;340:1111–5.

	31	 Masouleh BK, Baraniskin A, Schmiegel W, et al. Quantification of 
circulating endothelial progenitor cells in human peripheral blood: 
establishing a reliable flow cytometry protocol. J Immunol Methods 
2010;357:38–42.

	32	 Kott KA, Vernon ST, Hansen T, et al. Biobanking for discovery of 
novel cardiovascular biomarkers using imaging-quantified disease 
burden: protocol for the longitudinal, prospective, BioHEART-CT 
cohort study. BMJ Open 2019;9:e028649.

	33	 Clayton ZE, Yuen GSC, Sadeghipour S, et al. A comparison of the 
pro-angiogenic potential of human induced pluripotent stem cell 
derived endothelial cells and induced endothelial cells in a murine 
model of peripheral arterial disease. Int J Cardiol 2017;234:81–9.

	34	 Murphy TP, Cutlip DE, Regensteiner JG, et al. Supervised exercise, 
stent revascularization, or medical therapy for claudication due 
to aortoiliac peripheral artery disease: the clever study. J Am Coll 
Cardiol 2015;65:999–1009.

http://dx.doi.org/10.1002/14651858.CD005262.pub3
http://dx.doi.org/10.1002/14651858.CD000990.pub4
http://dx.doi.org/10.3389/fcvm.2018.00173
http://dx.doi.org/10.1002/bjs.10765
http://dx.doi.org/10.1038/ng.2700
http://dx.doi.org/10.1002/pds.4167
http://dx.doi.org/10.1186/s12872-018-0822-4
http://dx.doi.org/10.1038/nrd.2018.168
http://dx.doi.org/10.1016/S0033-0620(05)80001-5
http://dx.doi.org/10.1016/j.echo.2006.04.019
http://dx.doi.org/10.1016/S0735-1097(03)00333-4
http://dx.doi.org/10.1016/S0735-1097(03)00333-4
http://dx.doi.org/10.1161/01.CIR.0000139331.85766.AF
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.964619
http://dx.doi.org/10.1016/j.tcm.2012.06.017
http://dx.doi.org/10.1161/JAHA.115.002824
http://dx.doi.org/10.3389/fphar.2021.666334
http://dx.doi.org/10.1249/00005768-199104000-00003
http://dx.doi.org/10.1249/00005768-199104000-00003
http://dx.doi.org/10.1016/S0741-5214(02)00131-3
http://dx.doi.org/10.1177/1358863X07084911
http://dx.doi.org/10.1053/ejvs.1999.0931
http://dx.doi.org/10.1002/bjs.1800560910
http://dx.doi.org/10.1016/0140-6736(92)93147-F
http://dx.doi.org/10.1016/j.jim.2010.03.015
http://dx.doi.org/10.1136/bmjopen-2018-028649
http://dx.doi.org/10.1016/j.ijcard.2017.01.125
http://dx.doi.org/10.1016/j.jacc.2014.12.043
http://dx.doi.org/10.1016/j.jacc.2014.12.043

	Protocol for the Stimulating β﻿3﻿-­Adrenergic Receptors for Peripheral Artery Disease (STAR-­PAD) trial: a double-­blinded, randomised, placebo-­controlled study evaluating the effects of mirabegron on functional performance in patients with peripheral ar
	Abstract
	Introduction﻿﻿
	Objectives

	Methods and analysis
	Study design
	Endpoints
	Patient and public involvement
	Study participants and recruitment
	Inclusion criteria
	Exclusion criteria

	Consent
	Randomisation and allocation concealment
	Blinding
	Interventions
	Study outcomes
	Participant characteristics, anthropometry and hemodynamic parameters
	Blood biochemistry
	Primary study outcome
	Secondary study outcomes
	Additional treadmill endpoints.
	Functional status and QoL) assessment.
	Ankle-brachial index (ABI)

	Mechanistic endpoints
	Brachial artery flow-mediated dilatation and glyceryl trinitrate responsiveness

	Adverse events

	Statistical analysis
	Sample size calculation

	Ethics and dissemination
	Ethics, protocol amendments, dissemination and confidentiality
	Safety and adverse event reporting

	Discussion
	References


