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Abstract

Background: Physical exercise is a first-line treatment for peripheral arterial disease (PAD) and intermittent
claudication (IC) reducing pain and increasing the distances walked. Home-based exercise therapy (HBET) has the
advantage of reaching a higher number of patients and increasing adherence to physical exercise as it is performed
in the patient’s residential area and does not have the time, cost, and access restrictions of supervised exercise
therapy (SET) implemented in a clinical setting. Even so, rates of adherence to physical exercise are relatively low,
and therefore, m-health tools are promising in increasing motivation to behavior change and adherence to physical
exercise. A built-in virtual assistant is a patient-focused tool available in a mobile interface, providing a variety of
functions including health education, motivation, and implementation of behavior change techniques.

Methods: This is a single-center, prospective, three-arm, single-blind, randomized, controlled, superior clinical trial
with stratified and blocked random allocation. Three hundred participants with PAD and IC will be recruited from
an Angiology and Vascular Surgery Department, Centro Hospitalar Universitário Porto (CHUPorto), Porto, Portugal.
All patients will receive the same medical care recommended by current guidelines. Participants in all three groups
will receive a personalized prescription for an HBET program and a behavioral change and motivational
intervention. Participants in experimental groups 1 and 2 will receive a smartphone with the WalkingPad app to
monitor exercise sessions. Experimental group 2 WalkingPad app will have a built-in virtual assistant that will
promote behavioral change and provide motivational support. Participants allocated to the active control group
will not receive the m-health tool, but a practice diary to encourage monitoring. The program will last for 6
months with three evaluation moments (baseline, 3, and 6 months). The primary outcome will be the change in
distances walked (maximal and pain-free) from baseline to 3 and 6 months. Secondary outcomes will be changes in
quality of life, patients’ perception of resistance, and walking speed.

© The Author(s). 2022 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: heitor.ivone@gmail.com
1Angiology & Vascular Surgery Department, Centro Hospitalar Universitário
Porto (CHUP), Porto, Portugal
Full list of author information is available at the end of the article

Silva et al. Trials          (2022) 23:326 
https://doi.org/10.1186/s13063-022-06279-9

http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-022-06279-9&domain=pdf
http://orcid.org/0000-0002-3875-5279
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:heitor.ivone@gmail.com


Discussion: This study will allow measuring the effectiveness of an m-health tool in increasing motivation for
behavior change and adherence to an HBET program in patients with PAD. The superiority of experimental group 2
in the primary and secondary outcomes will indicate that the virtual assistant is effective for motivating behavioral
change and encouraging the practice and adherence to physical exercise. The use of m-health tools and virtual
health assistants can potentially fill a gap in the access and quality of health services and information, reducing the
burden on the health system and promoting self-management and self-care in chronic illness.

Trial registration: ClinicalTrials.gov NCT04749732. Registered on 10 February 2021

Keywords: Peripheral arterial disease, Intermittent claudication, Home-based exercise therapy, Behavioral change
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Introduction
Background and rationale {6a}
Cardiovascular (CV) disease remains the leading cause
of death worldwide with the 2013 Global Burden of
Disease study estimating that it accounted for 31.5% of
all deaths globally [1], representing a considerable
economic burden to society and healthcare systems.
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Lower extremity peripheral artery disease (PAD) is a
common cardiovascular disease that affects 27 million
people in Europe and the USA. Intermittent claudication
(IC) is usually the first symptom of PAD, resulting in
walking impairment due to muscle ischemia. IC is
defined as fatigue, discomfort, cramping, or pain of
vascular origin in the muscles of the lower extremities
that is consistently induced by exercise (same distance)
and consistently relieved by rest [2]. Severity is generally
described in terms of claudication distance, and it can be
objectively measured by treadmill test with the
assessment of pain-free walking distance (PFWD), max-
imal walking distance (MWD), and functional walking
distance (FWD). However, recent evidence states that
the 6-min walk test assessed in a 30-m walkway is a
more valuable measure as it is more representative of
daily life walking [3]. Furthermore, the discomfort re-
lated to IC contributes to a sedentary lifestyle, decreas-
ing physical fitness level, enhancing cardiovascular risk
factors, and increasing rates of mobility loss, thus lead-
ing to disease deterioration. Hence, the significant func-
tional decline in patients with PAD is associated with
the severity of IC, which, in turn, is correlated with
higher morbidity, reduced quality of life (QoL), and in-
creased mortality [4–6].
Thus, exercise therapy programs have been

recommended as first-line therapy for patients with PAD
and IC [7], improving walking ability, functional status,
and health-related QoL. Data from randomized clinical
trials suggests that exercise therapy is the best initial
treatment for IC and show improvements in PFWD and
overall walking performance [8, 9]. Regular aerobic exer-
cise also reduces cardiovascular risk and increases the
event-free survival rate from 57 to 81% in patients with
PAD [10]. In addition, walking distance can decrease by
8.4 m per year after the onset of IC [11]. Therefore, exer-
cise therapy can break this cycle and even reverse it, be-
ing an effective, low-cost, and low-risk option compared
to more invasive therapies for IC.
Supervised exercise therapy (SET) is the gold standard

for walking therapy for patients with PAD. SET
programs take place in a hospital or outpatient facilities,
in which intermittent walking exercise is used as the
treatment modality and is directly supervised by
qualified healthcare providers. The current American
College of Cardiology/American Heart Association
(ACC/AHA) guidelines recommend SET for the
treatment of IC as a class I level A recommendation [2,
12]. These guidelines suggest that exercise training, in
the form of walking, should be performed for a
minimum of 30 to 45min per session, 3 to 4 times per
week, for a period not less than 12 weeks. Although SET
programs offer proven benefits, they remain an
underutilized tool and inaccessible for most patients.

Furthermore, effectiveness is generally limited by poor
patient adherence as around 30% simply refuse to
participate in these exercise-training programs [12].
Widespread implementation of SET is often also con-
strained by a lack of facilities and funding [12–14].
Home-based exercise therapy (HBET) is a structured,

unsupervised, self-directed program that takes place in
the personal setting of the patient rather than in a clin-
ical setting. HBET programs are self-directed with the
guidance of healthcare providers who prescribe an exer-
cise plan in all similar to SET programs [13]. However,
HBET program implementation is more feasible and
eliminates conditioning barriers and impediments such
as transportation issues, proximity to clinics, costs and
conflicts with the job, and occupational responsibilities.
Even though HBET has shown to be effective at improv-
ing walking performance and distance, its´ results fall
below those seen in SET [14–17]. A 2018 Cochrane sys-
tematic review listed moderate- and high-quality evi-
dence that SET improves walking distance to a greater
extent than HBET, with results at 3 months showing in-
creases in MWD of 120 to 210 m higher, favoring SET
over HBET [18]. Furthermore, current ACC/AHA guide-
lines give HBET a class II level B recommendation [2]
and the European Society of Cardiology/European Soci-
ety of Vascular Surgery (ESC/ESVS) 2017 guidelines rec-
ommend unsupervised exercise training only when SET
is not feasible or available [7]. Nevertheless, HBET pro-
grams may not only reach a greater number of PAD pa-
tients receiving exercise therapy but may also play an
important role in promoting continued exercise (behav-
ior maintenance) after participation in SET programs,
improving the long-term results.
Successful HBET programs include patient education,

exercise self-monitoring, and behavioral intervention
that promote adherence to the exercise prescription/plan
[17, 18]. Using a behavior change approach is crucial to
encourage the patient to initiate, sustain, and progress
through the program [15–17]. However, in the last dec-
ade, several strategies have been studied and proposed
by the scientific and medical community to ensure the
regular practice of physical activity by patients with PAD
[19–22]. Nevertheless, the results fall short of what is
desirable in relation to adherence to physical activity.
Thus, innovative home walking programs need to be de-
veloped to improve results (behavior change and adher-
ence to physical exercise) and reach a greater number of
patients with PAD.
Recently, the use of technology has gained space in

this domain. Modern smartphones containing GPS
sensors are widely used in our daily life. A dedicated
smartphone application may be a valid alternative for
measuring walking behavior. Such technologies may
improve monitoring, adherence, and consequently
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clinical outcomes of exercise therapy in patients with
PAD [23, 24]. Information and communication
technology (ICT) tools have already been applied in
patient monitoring during HBET programs, such as
geographical information system (GIS) tools (such as
GoogleMaps), which are home-based, inexpensive, and
easy-to-use tools with a wide range of availability. A re-
cent study using GoogleMaps concluded that it can pro-
vide enough accuracy for monitoring PAD home-based
exercise, delivering a landmark-based method that ob-
jectively measures patients’ adherence to an exercise
plan [24]. GoogleMaps may give us a truer representa-
tion of walking assessment in patients with IC as it in-
corporates real-world walking environments. In addition,
the use of activity monitoring with accelerometers, pe-
dometers, or even self-report diaries is advisable as it
provides the patient with tangible feedback on progress,
improving adherence to HBET programs [19–21, 23].
Thus, the monitoring options in HBET can be extended
by the incorporation of electronic health (e-health) and
mobile health (m-health) technologies [25, 26].
Three randomized trials of 493 patients with PAD

demonstrated that home walking exercise interventions
that incorporate behavior change techniques improved
walking ability and improved 6-min walk test perform-
ance more than exercise interventions supervised on
treadmill (45–54 m vs. 33–35 m) [27]. Therefore, the
use of m-health tools to provide virtual training, goal
setting, and reward systems (among others) through a
smartphone application proves to be an extremely prom-
ising option to promote exercise therapy, above all, to
assist in long-term behavioral change, which is a major
challenge for programs that require behavioral change
[28]. But recently, built-in virtual assistants have been
developed to help individuals manage and deal with vari-
ous types of chronic illnesses. These virtual assistants
have the potential to provide advice on chronic illness
and self-care, as well as provide health education and en-
courage behavior change [29–32].
Therefore, research is needed to explore ways to

optimize components of HBET programs to improve
outcomes and make exercise therapy inexpensive,
motivating, and widely accessible to a greater percentage
of patients with PAD. Thus, we expect that HBET
programs for patients with PAD, supported by an m-
health tool with a built-in virtual assistant, will mitigate
high dropout rates from programs and encourage adher-
ence to exercise therapy in a patient-chosen setting.
Thus, this project will develop and implement an m-
health tool that will (1) monitor and provide personal-
ized feedback during and after physical exercise; (2) pro-
vide behavior change strategies tailored to individual
performance, skills, and needs; and (3) use gamification
strategies to increase motivation through fun, promoting

self-efficacy and perseverance. This set of elements will
be effective in promoting and maintaining long-term ad-
herence to physical exercise therapy.

Objectives {7}
The purpose of this randomized controlled trial is to
evaluate the effectiveness of a HBET program prescribed
by healthcare professionals as a treatment for PAD,
along with a behavioral change and motivational
intervention to promote exercise adherence which, in
turn, will improve MWD, PFWD, and FWD, in patients
with PAD and IC. Our hypothesis is that the
participants who will use the WalkingPad app with a
built-in virtual assistant will show greater adherence to
physical exercise and, consequently, will improve the
distances walked (MWD, PFWD, and FWD) and walking
abilities (distance, speed, climbing stairs), when com-
pared with participants who will use the WalkingPad
app with tracking and feedback functionality, and those
who will not receive the m-health tool.

Trial design {8}
The WalkingPad protocol is a single-center, prospective,
three-arm, single-blinded (to patients) randomized con-
trolled, and a superior clinical trial with blocked and
stratified random allocation.

Methods: participants, interventions, and
outcomes
Study setting {9}
The Standard Protocol Items: Recommendations for
Intervention Trials (SPIRIT) 2013 checklist that
supports this study can be consulted in Additional file 1.
The study will be conducted in the Angiology &
Vascular Surgery Department of Centro Hospitalar
Universitário do Porto (CHUPorto), Porto, Portugal.

Eligibility criteria {10}
Inclusion criteria will be the following: (1) PAD with IC
(Fontaine II or Rutherford 1–3) due to atherosclerotic
disease, (2) Ankle Brachial Index below 0.9 at rest or
below 0.73 after exercise (20% decrease), (3) age range
between 50 and 80 years, and (4) MWD in treadmill test
between 50 and 500 m.
Exclusion criteria will be the following: (1)

asymptomatic PAD; (2) critical ischemia (Fontaine III/IV
or Rutherford 4–6); (3) previous lower extremity
vascular surgery, angioplasty, or lumbar sympathectomy;
(4) any condition other than PAD that limits walking;
(5) unstable angina or myocardial infarction diagnosed
in the last 6 months; (6) inability to obtain ABI measure
due to non-compressible vessels; (7) use of cilostazol
and pentoxifylline initiated within 3 months before the
investigation; (8) active cancer, renal disease, or liver
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disease; (9) severe chronic obstructive pulmonary disease
(GOLD stage III/IV); (10) severe congestive heart failure
(NYHA class III/IV); (11) diagnosis of a psychiatric dis-
ease that impairs daily life activities and/or with medical
records of decompensation episodes in the last year and/
or non-adherence to drug therapy; and (12) cognitive
impairment (MMSE ≤ 15 for illiterate patients, 22 for
those with 1–11 years of schooling; 27 for > 11 years).
The program will be implemented by a research team
composed of the following elements: vascular surgeons,
a nurse, a health psychologist, a clinical physiologist
technician, and computer engineers.

Who will take informed consent? {26a}
The vascular surgeon responsible for identifying
participants who meet the inclusion criteria will invite
them to participate in the study and obtain written
informed consent at the first hospital visit.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
On the consent form, participants will be asked whether
they agree to the use of their data if they choose to
withdraw from the trial. Participants will also be asked
for permission for the research team to share relevant
data with people from the Universities participating in
the research or regulatory authorities, where relevant.
This trial does not involve the collection of biological
specimens for storage.

Interventions
Explanation for the choice of comparators {6b}
HBET is not as effective as SET in increasing walking
abilities and distances, but on the other hand, it can
reach a larger number of patients and increase
adherence to exercise therapy not only in the short but
also in the long term, as it is developed in the
individual’s residential environment and not in clinical
settings, and it is practical and inexpensive and involves
only the free choice of individuals and time
management. However, a fundamental element for
adherence to physical exercise is motivation. Intrinsic
motivation is promoted through behavioral and
motivational change strategies that enhance the
individual’s self-regulation skills, considering their values
and beliefs, and their idiosyncrasies. For these reasons, a
behavioral and motivational change intervention will be
implemented. In addition, an m-health tool will be de-
veloped that will include an application with an in-built
virtual assistant, reducing the need for hospital visits and
providing various forms of health care [25–28]. This de-
sign will allow us to understand which strategy is more
effective in promoting adherence to exercise therapy in
the short and long-term, whether it is a face-to-face

contact (ACG), a mobile application that allows moni-
toring and feedback adapted to the characteristics of the
patient (ExpG1) or a mobile application with an in-built
virtual assistant (ExpG2).

Intervention description {11a}
Active control group: WalkingPad group—PaperWPad
group
Active control group (ACG) participants will not receive
the smartphone with the WalkingPad app. Participants
assigned to this group will receive a 24-week walking
program supported by a printed HBET prescription.
This prescription consists of a walking plan lasting more
than 30 min per session, frequency of at least three ses-
sions per week, and use of near-maximal pain during
training as an outcome of claudicating pain. This group
will receive an education component on PAD, a behav-
ioral change and motivational intervention, in two face-
to-face sessions facilitated by a health psychologist. In
addition, participants will receive reinforcement phone
calls throughout the 24 week of the study. A self-
fulfilling walking logbook will be given to patients to
promote self-monitoring. The logbook has the following
indicators: date and time, duration of the walk, number,
and reasons for stopping, and a question that assesses
self-satisfaction after the walk [on a scale from 0 (not at
all) to 10 (very satisfied)].

Experimental group 1: WalkingPad plus psychological
intervention—PsyWPad group
Participants in experimental group 1 (ExpG1) will
receive an HBET prescription consisting of a walking
plan lasting more than 30 min per session, frequency of
at least three sessions per week, use of near-maximal
pain during training as an outcome of claudicating pain.
This group, like the ACG, will receive an education
component on PAD, a behavioral change and motiv-
ational intervention, in two face-to-face sessions facili-
tated by a health psychologist. In addition,
reinforcement telephone calls will be provided through-
out the program. The 24-week walking program will be
monitored by the WalkingPad app, which will accom-
pany patients on their walks and record their adherence
to the program. The application has 3 features that allow
to (1) create a personalized walking plan to be applied in
the patient’s area of residence, monitoring their perform-
ance (frequency, duration and stops); (2) view the weekly
progress of the walks, including distance, meters, and
steps taken in each of the walks; and (3) assess the pres-
ence of pain during the walk, answering yes or no (dif-
ferentiating feature from all other apps available on the
market). Details about the WalkingPad app will be de-
scribed elsewhere (WalkingPad app usability on paper).
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Experimental group 2: WalkingPad plus virtual
assistant—CyberWPad group
Participants in experimental group 2 (ExpG2) will
receive an HBET prescription consisting of a walking
plan lasting more than 30 min per session, frequency of
at least three sessions per week, use of near-maximal
pain during training as an endpoint of claudication pain.
In this group, behavior change and motivational inter-
vention will be facilitated by a virtual assistant. This app
has the same functionality as the WalkingPad app used
on the ExpG1 but includes a virtual assistant that will
provide programmed and personalized behavior change
techniques and initiate dialogues and send notifications
and motivational SMSs [29–33]. The intervention pro-
vided through the virtual assistant included in the app
will be similar to what participants in the other two
groups received in a face-to-face consultation with a
psychologist.
The three groups will receive the same behavioral

change and motivational intervention based on the
principles of the theoretical framework of the Self-
Determination Theory (SDT). ACG and ExpG1 will re-
ceive face-to-face intervention and telephone support
during the study, taking into account the components of
the Transtheoretical Model of Change (TTMC) and the
Theory of Planned Behavior (TPB). ExpG2 participants
will receive a conceptually similar intervention, but
through interactions with a virtual assistant, without
face-to-face or telephone contacts.

Criteria for discontinuing or modifying allocated
interventions {11b}
There will be no special criteria for discontinuing or
modifying allocated interventions. Interventions will not
be modified but will be discontinued at the request of
the participant or due to worsening PAD symptoms or
other pre-morbid conditions. Participants will be aware
that participation is voluntary and that they can with-
draw at any time. However, whenever possible, informa-
tion on the main reason(s) for withdrawal will be
requested and recorded for further analysis in the inter-
pretation of results.

Strategies to improve adherence to interventions {11c}
Strategies to improve adherence to the intervention
protocol will be as follows: (a) reinforcement telephone
calls will be made as part of the theoretical approach to
behavior change adopted in this study but which will
also work as a retention strategy; (b) at time 2 (at 3
months) and at time 3 (at 6 months), two medals (pins)
with the project symbol will be offered (beginner
WalkingPad member and advanced WalkingPad
member) and a personalized report with the
systematization of the progress achieved over time; (c) a

WalkingPad technical support phone number will be
provided for experimental groups in case of difficulties
connecting to the app and a written instruction book
will be provided with step-by-step help information for
dealing with the app, thus avoiding, withdrawal due to
difficulties in working with the app.
The following measures of feasibility will be

considered: (1) recruitment rates (e.g., the proportion of
subjects who responded with interest to our invitation;
the proportion of subjects who agreed to participate in
the study, regardless of eligibility; the proportion of
subjects who completed the first evaluation and started
the intervention); (2) dropout rate (e.g., percentage of
participants who did not complete the program (the
three assessments over 24 weeks); (3) adherence rate
(the number of exercise sessions per week during the 24
weeks must be ≥ to 3 per week); and (4) completion rate
(percentage of participants who completed the
program).

Relevant concomitant care permitted or prohibited
during the trial {11d}
Implementation of the WalkingPad program will not
require a change in usual care pathways (including the
use of any medication) in the three arms of the study.
Thus, there will be no restrictions regarding
concomitant care during the trial.

Provisions for post-trial care {30}
There is no anticipated harm and compensation for
participating in the trial. However, post-trial care en-
compasses the following responsibilities: referring pa-
tients for appropriate follow-up care (other medical
specialty or counseling) or providing alternative thera-
peutic measures (change of medication or consideration
of surgery).

Outcomes {12}
Primary outcome
The primary endpoint will be the WalkingPad-induced
change in PFWD, FWD, and MWD measured using a
standardized treadmill test and the 6-min walk test
(6MWT). PFWD is defined as the distance walked at the
onset of claudication pain. FWD is defined as the dis-
tance at which a patient chooses to stop because of the
discomfort caused by claudicating pain. MWD is defined
as the distance at which claudication pain becomes so
intense that the patient is forced to stop.

Secondary outcomes
Secondary outcomes include the change in general and
specific quality of life questionnaires and in the patient’s
perceived walking distance, speed, and ability to climb
stairs.
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Behavioral process variables
Process variables are those that can influence and
explain initial and behavioral change over time. These
psychological variables will play an important role in the
change process as initial predictors in explaining the
onset of behavioral change and as mediators and/or
moderators in explaining the maintenance of change.

Additional variables
Sociodemographic, clinical, and physical data will be
collected from the electronic medical record of the
participants, through self-report and clinical interview.
Data on physical capacity will be collected through two
tests (treadmill test and 6-min test).

Participant timeline {13}
Time 0 (t0) will be performed as a screening evaluation
to ascertain inclusion criteria. Measurements will take
place at time 1 (t1 - baseline assessment), 3 months after
t1 (time 2: t2), and 6months after t1 (time 3: t3). The
schedule of enrolment, interventions, and assessments is
shown in Fig. 1. Participants’ recruitment has already
begun.

Sample size {14}
The sample size was calculated for an effect size of 0.25,
a statistical power of 80%, and a significance level of 5%;
á priori 57 participants will be needed in each of the
groups (G*Power software, version 3.1.9). This calculus
was based on previous studies (F tests, ANOVA:
repeated measures, within-between interaction) [15, 17].
The calculated sample size is expected to be reached by
the end of May 2022.

Recruitment {15}
Three hundred patients with PAD and IC, aged between
50 and 80 years, and with a MWD between 50 and 500
m, will be identified and recruited from the outpatient
database of the Angiology & Vascular Surgery
Department, Centro Hospitalar Universitário Porto
(CHUPorto), Porto, Portugal, by a vascular surgeon
member of the team. Eligibility for the study will be
tested using clinical medical records and a screening
evaluation. The listed participants will be contacted by
phone and invited to participate in the study. The
invitation will include a brief description of the study
and the benefits of participating. For those who show
interest in participating, a clinical, physical, and
psychological screening assessment will be scheduled at
the hospital—time 0 (t0 before allocation). In this
assessment (t0), participants will sign a written consent
and will be assessed (1 h ±) to determine particular and
specific eligibility criteria. If there is an impediment to

participation (e.g., COVID-19), the patient will be con-
tacted later.

Assignment of interventions: allocation
Sequence generation {16a}
After the identification of patients through consultation
of the outpatient database, the fulfillment of the
inclusion criteria in the screening session and the
patient’s agreement to participate in the study, a random
sequence will be created using a random number
allocation software, by a researcher external to the team
involved in the execution of this study, in order to
guarantee the concealment of the allocation of
participants by the different groups. Randomization will
be carried out in blocks with four strata and the eligible
participants will be randomly assigned to three groups,
in blocks of multiples of five, and will be stratified
according to (i) age (50 to 65 years old; 66 to 80 years
old) and (ii) MWD at the baseline (50 to 275 m; 276 to
500 m). The entire process will be overseen by a
researcher who will not be directly involved in the
intervention or assessments. This researcher will inform
the research team of the final allocation of each
participant.

Concealment mechanism {16b}
Participants will be grouped according to their
demographic characteristics (age) and physical performance
(walking ability) after screening assessment (time 0). Each
participant will be assigned a random number, generated in
a computer spreadsheet (Excel sheet). Then, randomization
will be performed sequentially by three groups taking into
account age and physical performance subgroups. To
ensure that participants are assessed (initial screening) and
randomized by their initial differentiating characteristics
(age and physical performance), allocation concealment will
be ensured until all baseline measurements are completed.

Implementation {16c}
The researchers (vascular surgeons and research
assistants) will be responsible for the identification,
selection, enrollment, and screening assessment of
patients. Prior to the formal assessment, the data analyst
will generate the allocation sequence and assign
participants to groups. Other researchers will evaluate
and implement the interventions (not blinded). The data
analyst will analyze the data without uncovering the
allocation of patients.

Assignment of interventions: blinding
Who will be blinded {17a}
Participants will be blinded to the group they are
assigned to; they will only know that all participants will
receive a personalized and self-defined walking plan
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tailored to each one (a physical exercise prescription to
be carried out in the area of residence). The researchers
(vascular surgeons and research assistants) responsible
for identifying, selecting, enrolling, and screening pa-
tients will be blinded to group assignments. A data ana-
lyst will generate the allocation sequence and assign
participants to groups and will be responsible for data
analysis. The researcher who will carry out the psycho-
logical intervention, the technician who will carry out
the physical assessment, and the computer engineer who
will define the route of the walking plan tailored to the
patient, on the WalkingPad web platform, will not be
blind as to the assignment group because each interven-
tion has its specificity. Thus, this will be a single-blind
study, as it will not be possible to blind the patients to

the outcome or the researchers who implement and ad-
minister the intervention.

Procedure for unblinding if needed {17b}
The design is open-label with only outcome assessors
and data analysts being blinded, so unblinding will not
occur.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Data collection instruments for the primary outcome
The primary and secondary outcomes will be collected
via self-report measures and through physical perform-
ance tests which are briefly described in Table 1. The
timing of these measurements is shown in Fig. 2.

Fig. 1 Schedule of enrollment, interventions, and assessments
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The primary outcomes will be measured by two tests.
The walking distance measured with a standardized
treadmill test [34, 35] is a widely used tool for functional
assessment and monitoring of exercise rehabilitation,
where PFWD, FWD, and MWD are objective measures
of improvement. In turn, the 6MWT is an individualized
test that assesses the submaximal level of functional
capacity [35, 38]. The patient chooses the intensity of
the exercise and can rest during the test, which better
reflects the functional level of exercise practiced in daily
physical activities. Therefore, we chose to use both
measures (walking distance measured with the treadmill
test and walking distance measured with the 6MWT)
not only because they complement each other but also
because both provide different and valuable information.
The primary outcomes will reflect the effectiveness

(beneficial effect) and not the harm (adverse effect) of
the intervention. The change achieved in primary
outcomes from baseline to 3 and 6months will be a
valid, reproducible, and relevant result for the target
population and healthcare professionals. The amount of
change achieved will be represented in a continuous
variable that will facilitate comparisons and grouping of
results across studies, trials, and meta-analyses. Data col-
lection forms can be requested from the responsible
investigator.

Plans to promote participant retention and complete
follow-up {18b}
The implementation of strategies to promote adherence
and prevent dropout is one of the most important
aspects in trials, especially when the few studies
reporting dropout rates, have dropout rates ranging
from 12 to 27.5% [15–17]. Thus, to minimize attrition
and promote adherence, the following strategies will be
used: (1) during the invitation phone call, the physician
will explain the objectives, benefits, and importance of
participating in the study; (2) participants who agree to
participate in the study will be offered a Diploma of
Commitment where participation is presented as
something positive and not accessible to everyone
(Congratulations! You have been selected to participate
in this study!). The diploma informs that the participant
becomes part of a group of people who will undergo
physical exercise treatment for PAD, the start and end
dates of treatment and study, and the dates of face-to-
face sessions at the hospital for evaluations formalities
over the 6 months. (3) In these evaluations, a medal will
be offered (pin format) and a report with individualized
and systematized information on the results obtained
with regard to the main result; (4) reminder messages
will be sent whenever the date of the formal hospital as-
sessment approaches; (5) congratulatory messages will
be sent on each participant’s birthday, as well as

congratulatory messages for being part of the study each
month; (6) a Facebook page will be created to share in-
formation about the disease and the importance of phys-
ical exercise, and (7) a 24-h telephone number will be
provided to support participants in the event of adverse
events. Participants who discontinue or deviate from
intervention protocols will be invited to attend the as-
sessments in order to implement an intention-to-treat
data analysis protocol at the end of the study.

Data management {19}
Data will be entered as it is collected. The data
collection forms—a set of questionnaires and the
respective quotation for each item and total instrument
score—will be transferred to the SPSS database. A
member of the research team will enter the data and
each time the database is closed will do a descriptive
analysis of the data to ensure that the range of data
values is correct in each variable. The data collection
forms used, and their quotation will be available upon
request from the principal investigator. Data will be
analyzed by a data analyst who will be blinded to
participant allocation. Questionnaires will be destroyed
once the data is published.

Confidentiality {27}
The procedures for storing, processing, and protecting
personal data will respect the current General Data
Protection Regulation (Regulation (EU) 2016/679),
Portuguese Law No. 58/2019 of 8 August. Each
participant will be assigned a code (unique identification
number) in several databases to ensure data
independence. All information about the practice of
physical exercise obtained through the mobile app will
be stored in an online data system platform. The
WalkingPad web platform is accessible to team
members and patients. As long as the patient remains in
the clinical trial, he accepts that the entire research team
has access to the data recorded by the WalkingPad web
platform. As for the assessment data, only the principal
investigator and the data analyst will have access to the
complete dataset, which will be stored in different
locations and used for research purposes only.
Passwords will be used to ensure the protection and
security of data (and participants).

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
This trial does not involve collecting biological
specimens for storage.
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Table 1 Summary of self-report primary and secondary outcomes, process, and screening variables, and respective assessment
measures

Outcome Measure Brief description

Primary

MWD
PFWD
FWD

Treadmill test (TT) The treadmill test is an accepted method used in patients with IC to evaluate
walking ability [34]. Performing a treadmill test before and after an intervention
can provide an objective assessment of change in performance [35]. The
modified Gardner-Skinner Treadmill Protocol will be used, where participants
will begin to walk on the treadmill at 1 km/h with a 0% grade. After 2 min, the
speed is increased to 1.6 km/h, at 0% grade. Then, the speed is increased by
0.8 km/h every 2 min until reaching 3.2 km/h. After reaching 3.2 km/h, the
speed is kept constant, and the grade is increased by 2% every 2 min. The
main difference between the modified protocol used and the original Gardner-
Skinner Treadmill Protocol [36] is that the protocol used is better adapted to
this study sample capabilities and equipment, since the original Gardner-
Skinner Treadmill Protocol has a continuous speed of 3.2 km/h, and the grade
is increased by 2% every 2 min. During the exercise, blood pressure and heart
rate will be continuously monitored (Domyus Incline Rune, China). To imple-
ment the treadmill protocol, patients must be at rest, informed about the ter-
mination criteria (excluding safety criteria), about permission to use the
handrail support, and informed about the claudication pain scale used [37].
The termination criterion is the limit of 500 m of pain-free walking distance
(PFWD), but there are additional endpoints: voluntary exhaustion, fatigue and
shortness of breath, and severe pain in another part of the body (e.g., spine).
The claudication pain scale is a continuous scale from 0—indicating no pain,
to 4—indicating severe pain, and patients are instructed to walk to near-
maximal pain levels [37]. No encouragements will be given during the test.
The test administrator has the necessary qualifications and is familiar with the
protocol.

PFWD 6-min walk test (6MWT) The 6MWT is a performance-based measure that evaluates the functional cap-
acity of the individual to walk over a total of 6 min on a 100 ft (≈30 m) hallway,
providing information regarding all the systems during physical activity [35].
The participants will be instructed to walk back and forth along the hallway to
achieve the greatest distance possible. The participants will be allowed to stop
and rest while the stopwatch continues to run. The American Thoracic Society
guidelines will be used [38]. No encouragement through standardized verb
phrases will be given because the aim is for the test to be as similar as possible
to what happens in a real environment.

Secondary outcomes Measure Brief description

Physical and Mental
Quality of Life

Short-Form Health Survey (SF-36) This instrument consists of 36 items with different response scales assessing
eight health concepts: limitations in physical activities because of health
problems,limitations in social activities because of physical or emotional
problems, limitations in usual role activities because of physical health
problems, bodily pain, general mental health (psychological distress and well-
being), limitations in usual role activities because of emotional problems, vital-
ity (energy and fatigue), and general health perceptions. The SF-36 has been
widely used in studies with this population and has excellent psychometrics
[39, 40].

Vascular Disease-
specific Quality of Life

Vascular Disease-Specific Quality of Life
Questionnaire (VAscuQoL-6)

This is a specific measure of health-related QoL for patients with PAD, consist-
ing of six items with different response scales [41, 42]. The total score ranges
from 6 to 24, with higher results corresponding to a higer quality of life associ-
ated with arterial disease. The Brazilian-Portuguese version of the VascuQoL-6
presents adequate valid and reliable indicators allowing its use in patients with
PAD with intermittent claudication symptoms [43].

Walking difficulties Walking Impairment Questionnaire (WIQ) This instrument assesses walking performance/abilities in three domains:
distance (distances the individual can walk), speed (the speed the individual
can walk), and stairs (number of stairs that the individual can climb without
stopping), in a 5-point Likert scale (“none, slight, some, quite difficult, unable”).
The distance comprises 7 items with a total score ranging from 0 to 28, with
the highest results corresponding to a greater walked distance; speed has 4
items with a total score ranging from 0 to 16, with higher values indicating
greater speed; stairs contain 3 items with a total score ranging from 0 to 12,
with higher results indicating a greater ability to climb stairs [44]. The Brazilian-
Portuguese version of the WIQ showed significant correlations between the
WIQ domains and the SF-36 (functional capacity, physical aspects, bodily pain,
and emotional aspects) and physical fitness performance (treadmill and
strength tests). Intraclass coefficient correlation ranged from 0.72 to 0.81, and
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Table 1 Summary of self-report primary and secondary outcomes, process, and screening variables, and respective assessment
measures (Continued)

Outcome Measure Brief description

there were no differences in WIQ scores between the two questionnaire appli-
cations [45].

Process variables Measure Brief description

Illness representations Illness Perception Questionnaire - Brief (IPQ-
B)

This questionnaire contains 8 items assessing the cognitive and emotional
representations of the disease in eight specific dimensions: consequences,
timeline, personal control, treatment control, identity, concerns, understanding,
and emotional representations [46, 47]. The response scale for each item
ranges from 0 to 10 and higher scores indicate more threatening perceptions
in each item/dimension concerning PAD. The Portuguese version showed
good internal consistency [48]. This instrument has already been used in
studies with this population.

Motivation stage for
the change

Stages of Change in Exercise Questionnaire
(SCEQ)

This questionnaire is composed of five items that represent each of the five
stages of the Transtheoretical Model [49]. The Pre-Contemplation stage is char-
acterized by the absence of intention to change behavior in the next 6 months
(e.g., I do not walk, and I do NOT intend to start walking in the next 6 months).
Contemplation is defined as the intention to change behavior within the next
6 months. When the individual intends to initiate behavior change within 1
month, the individual is classified as being in the Readiness to the Action
stage. The Action stage is distinguished by having initiated a consistent and
continued behavior change for 6 months or more and by moving the individ-
ual to the Maintenance stage. Subjects should indicate which item reflects
their current exercise behavior in a dichotomous format of yes or no [50–52].

Locus of causality for
exercise

Locus of Causality for Exercise Scale (LCES) This scale comprises three items assessing the perceived choice (or autonomy)
regarding performing physical exercise. Thus, this scale assesses the extent to
which individuals feel that they freely choose to exercise (walking) rather than
feeling that they have to for some reason, addressing the source of the
initiation of behavior. An internal locus of causality is evident when an
individual engages in a behavior freely and with no sense of coercion. The
response scale on a 6-point Likert scale ranges from 1 to 6 and the total score
ranges from 3 to 18. Higher scores indicate greater self-determination or a
more internal perceived locus of causality [53]. The Portuguese version showed
good internal consistency [54].

Planned behavior Questionnaire of Planned Behavior on PAD-
Walking (QPBPW)

This questionnaire assesses intentions, attitudes, subjective norms, perceived
control, action, and coping plans regarding walking, in patients with PAD. The
intentions scale is composed of 2 items with scores ranging from 2 to 10
points and higher scores indicating greater intention to perform the exercise
(walking). The attitudes scale consists of 5 items, with scores ranging from 5 to
25 points and higher scores indicating a more positive attitude towards
exercise. The subjective norms scale is composed of 3 items with scores
ranging from 3 to 15 points, in which the higher the score, the higher is the
perception of the importance attributed by other people to exercise. The
perceived behavioral control scale evaluates the perception of control over-
exercise, and it is composed of 4 items, with scores ranging from 4 to 20
points, and higher scores indicating a greater perceived behavioral control. The
action and coping planning scale consist of 9 items, with scores ranging from
9 to 45 points, and higher scores indicating more action and coping plans re-
garding exercise (adapted for walking) [55]. The instrument has good internal
consistency and was originally developed to be used with individuals with type
2 diabetes, and in this study, it was adapted to be used with patients with
PAD, regarding walking.

Satisfaction of basic
psychological needs

Basic Psychological Needs in Exercise Scale
(BPNES)

This scale consists of 12 items and assesses the perception of satisfaction of
the three basic psychological needs in the context of the exercise: autonomy,
competence, and positive relationship (relatedness) on a 5-point Likert scale
(“strongly disagree” to “strongly agree”). Scores range from 12 to 60 and higher
scores indicate a greater perceived satisfaction of psychological needs during
exercise [56, 57]. The Portuguese validation was performed on a sample of
regular exercise participants and showed good psychometric properties in the
three scales. For this study, the instructions were adapted to walking behavior.

Self-regulation in
exercise

Behavioral Regulation in Exercise
Questionnaire (BREQ-3)

This scale has 18 items, divided into six scales, assessing motivational
regulations for exercise with a score ranging from 0 to 12 for each type of
regulation on a 5-point Likert scale (“strongly disagree” to “strongly agree”).
Higher scores indicate higher levels of one of the following types of behavioral
regulation: amotivation, external, introjected, identified, integrated, and intrinsic
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Table 1 Summary of self-report primary and secondary outcomes, process, and screening variables, and respective assessment
measures (Continued)

Outcome Measure Brief description

[58–60]. The Portuguese validation was carried out on a sample of gym practi-
tioners and showed good psychometric qualities in the six scales/types of mo-
tivation and regulation. For this study, the instructions were adapted to
walking behavior.

Screening measures Measure Brief description

Sociodemographic
and clinical data

Sociodemographic and clinical data
questionnaire

It consists of information to be obtained directly from participants or clinical
records: gender, age, living environment, marital and professional status, rural
or urban areas of residence. Clinical data: clinical and surgical history, chronic
medication, and lifestyle behaviors (alcohol and tobacco consumption, hours
of sleep, and the number of daily meals).

Cognitive status Mini-Mental State Examination (MMSE) This is a widely used test of cognitive function, including tests of orientation,
attention, memory, language, and visual-spatial skills. The total score ranges
from 0 to 30, and higher results correspond to a better mental state. It will be
applied at baseline as part of the screening assessment to ascertain exclusion
criteria [61, 62].

Emotional status Geriatric Depression Scale-5 (GDS)
Geriatric Anxiety Scale (GAS)

As they are part of the screening, both questionnaires chosen to assess
emotional state are very small, with dichotomous response scales, validated for
a population over 65 years of age. Depressive symptoms are assessed
through 5 items, with scores ranging from 0 to 5, and higher results
corresponding to more depressive symptoms [63, 64]. A GDS-5 score ≥ 2 sug-
gests clinical depression and the need for further evaluation. The Portuguese
version has acceptable internal consistency. Anxiety symptoms are assessed
through five items, with scores ranging from 0 to 5, and higher results corre-
sponding to more anxiety symptoms [65, 66]. Portuguese internal consistency
is high and a score ≥ 3 was optimal for the detection of DSM-IV Generalized
Anxiety Disorder.

Physical activity International Physical Activity Questionnaire
for elderly-Short Form (IPAQ-SF-E)

The version adapted for the elderly was used, as individuals with PAD avoid
physical activity due to claudicating pain and it is not expected to find
patients practicing high levels of physical activity or regular physical exercise.
This version, although validated for people over 65 years old, is smaller and the
items are more adapted to the performance level of this sample. Thus, this
version consists of 4 self-reported moderate-to-vigorous physical activity
(MVPA) and sedentary behavior (sitting) items. The items encompass the fol-
lowing behaviors, in the last 7 days: the time spent sitting, the days and time
spent walking, the days and time spent in moderate-intensity activities, and
the days and time spent in vigorous-intensity activities. Scores range from 0 to
indefinite minutes of physical activity per week and higher results correspond
to a greater amount of physical activity performed. Results can be reported in
categories (low, moderate, or high activity levels) or as a continuous variable
(MET minutes per week). MET minutes represent the amount of energy
expended carrying out physical activity [67–69]. The specificity of IPAQ-SF-E to
identify low-active participants was 85%, and the sensitivity to identify the
more active participants was 81%.

Physical measures Measure Brief description

Physical measures Ankle-brachial-index (ABI) Ankle Brachial Index (ABI) is the first low-cost diagnostic test for PAD [2]. The
ABI is a simple and non-invasive test that will be obtained before and after the
treadmill test by measuring the systolic pressures at the brachial artery, anterior
tibial artery, and posterior tibial artery, in the supine position, in millimeters of
mercury (mmHg), using a Doppler device. The ABI of each leg will be calcu-
lated by dividing the higher mean of three measures of the anterior tibial pres-
sure or posterior tibial pressure by the higher mean of three measures of the
right or left arm pressure (LifeDop 150 Doppler (8 MHz), USA).

Hand strength Hand grip strength (HGS) Hand grip strength (HGS) is a basic measure for determining musculoskeletal
function, as well as weakness and disability [70]. The HGS produces an
isometric strength measure that allows the identification of the muscular
weakness of the upper limb and provides an indication of the overall strength
since it reflects the strength of the lower limbs. Three consecutive measures of
handgrip strength (in kilograms (kg)), at both hands, will be recorded in a
standing position with the arms next to the body, elbow slightly flexed and
wrist in a neutral position, through a hand-held dynamometer (Gripx EH101,
China).

Body composition Body composition measures Weight (in kilograms), body mass index (kg/m2), body fat percentage (%),
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Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
The first step in the data analysis plan will be the
screening of data to detect errors and missing values,
although missing data is not expected in the
questionnaires, as the data collection will be carried out
in person with a researcher who will guarantee its
complete completion. Missing values may be present
when a participant withdraw or refuse to participate in
the assessment, or missing values in physical tests due to
physical limitations or difficulties in performing physical
performance tests (e.g., treadmill test). Second, a
summary of baseline sociodemographic, clinical,
physical, and psychological variables will be provided
through descriptive statistics. Third, comparisons will be
made between the three groups to examine whether
there are differences between the groups at baseline in
all variables. As the sample was stratified, differences in
fundamental variables such as age and maximal walking
distance are not expected to be found. In addition,
differences at baseline between participants who will
complete the study and those who drop out will be
examined. Fourth, primary outcome analyses will be
conducted on an intention-to-treat basis, including all
participants analyzed as randomized. The primary out-
come will be analyzed using multiple regressions with
adjustment for MWD, PFWD, and FWD. A mixed
ANOVA will be performed to test the mean differences
between the three groups (between-subject factor) and
over the three measurement points (in-subject factor).
Results will be reported as the difference in MWD,
PFWD, and FWD from t1 to t2, t2 to t3, and t1 to t3, as
well as the mean differences between GE1 and GE2, and
ACG with 95% confidence intervals. To determine the
minimal clinically important difference (MCID), a
change in scores for the primary outcome will be calcu-
lated by subtracting the baseline outcome from the t2 (3
months) and t3 (6 months) outcomes for each partici-
pant. The least important difference (MID) for improve-
ment and deterioration will be defined by the upper and
lower limits of the 95% confidence interval of the mean
change in MWD, PFWD, and FWD [71]. Twenty meters
was defined as MCID [17]. However, a recent meta-
analysis [19] showed significant heterogeneity in the
magnitude of effect estimates for MWD (χ2 = 16.4, p =

0.022) and PFWD (χ2 = 19.6, p = 0.003). The mean
change (SD) in MWD for patients randomly allocated to
home exercise or programs with no exercise plan ranges
from 24 (166) to 402 (391) m and PFWD changes range
from 21 (81) to 182 (249) m.
Finally, secondary outcomes (walking ability and

general and specific health-related QoL) will be similarly
analyzed. Mediation and moderation analyses will be
performed to examine mechanisms of influence (process
variables) as well as Structural Equation Modeling
(SEM) that will allow the analyses of complex relation-
ships between variables and test causal relationships
explaining initial behavioral change throughout time.
Measures of effect size and statistical power (1−β) will
be presented for all statistical tests performed. All
planned tests are two-tailed. Statistical significance will
be set at P ≤ 0.05. IBM® SPSS® V.26 and IBM® IPSS®
Amos™ will be used to perform all data analyses.

Interim analyses {21b}
There are no anticipated harmful consequences or real
risks for the participants involved in this intervention.
Thus, interim analyses, discontinuation rules, or criteria
for discontinuing or modifying allocated interventions
will not be included in the current protocol.
Furthermore, all participants will be aware of their
voluntary participation and therefore will be informed
that they can withdraw from the program at any time.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
An additional analysis will be performed with the
subgroup of patients who were infected with SARS-
COV-19 during their participation in the study.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Before the start of the registration of participants,
training will be carried out to instruct all researchers in
the collection and entry of data and in the
implementation of interventions. Timely data entry will
allow early detection of problems with missing data
(forgetting, overlapping crosses). In order to detect
them, a verification process will be implemented for all
questionnaires after completion and for all variables
after entering the SPSS database.

Table 1 Summary of self-report primary and secondary outcomes, process, and screening variables, and respective assessment
measures (Continued)

Outcome Measure Brief description

visceral fat level (%), skeletal muscle percentage (%), and resting metabolism
(in kilocalories, kcal) will be measured through a bioimpedance scale (OMRON
Body Composition Monitor BF511 (HBF-511 T-E/HBF-511B-E, Japan)). Height (in
meters) will be measured using a tape measure.

Silva et al. Trials          (2022) 23:326 Page 13 of 18



Fig. 2 Flow diagram of the clinical trial

Silva et al. Trials          (2022) 23:326 Page 14 of 18



Plans to give access to the full protocol, participant-level
data, and statistical code {31c}
We will provide the protocol, participant-level data, and
statistical code upon request.

Oversight and monitoring
Composition of the coordinating center and trial steering
committee {5d}
This study does not have a designated coordinating
center or study steering committee. The study is a single
center and the research team at the hospital where the
study will be carried out will be responsible for
conducting and monitoring the daily tasks necessary for
the execution of the study. This team meets periodically
to assess the conduct and progress of this study and
ensure compliance with the study protocol. There are
also meetings every 3 months with those responsible for
coordinating the study (principal investigator (PI) and
co-investigator (Co-PI)) to discuss management and fi-
nancial issues related to the study. To ensure that the
protocol is implemented as planned, the PI will be re-
sponsible for managing and overseeing the study and
providing guidance and administrative support. Weekly,
the research assistants will meet to establish short-term
objectives, consult the fulfillment of previously estab-
lished goals, and identify problems or deviations from
the plan.

Composition of the data monitoring committee, its role,
and reporting structure {21a}
It will not be necessary to form a data monitoring
committee (DMC) to independently assess the safety,
scientific validity, and integrity of the clinical trial
because this intervention is a low-risk intervention, does
not present substantial safety issues, and does not have a
double-blind treatment.

Adverse event reporting and harms {22}
The present intervention carries minimal risks, so we do
not expect any serious or severe adverse events.
However, over time participants will be contacted and
asked about their physical and mental well-being. In
addition, participants will have access to a 24-h tele-
phone contact that they can call if needed. If a serious
or severe adverse event occurs, the Ethics Committee
will be notified.

Frequency and plans for auditing trial conduct {23}
The need for an audit is not foreseen; however, the
training and research center of the hospital where the
study will be carried out may audit the study.

Plans for communicating important protocol
amendments to relevant parties (e.g., trial participants,
ethical committees) {25}
Changes in the study protocol will first be submitted to
the Ethics Committee of the Hospital where the study
will be carried out and, after approval, updated
accordingly on the clinical trials website.

Dissemination plans {31a}
The WalkingPad program results dissemination plan
includes (1) writing and publishing articles in indexed
journals, including the WalkingPad protocol and the
article on the effectiveness of the intervention program
and the set of variables that contribute to adherence to
physical exercise in the long term; (2) present the results
of the study to health professionals at scientific
conferences and events; (3) disseminate the study results
to the participants through a social event organized at
the end of the study; (4) share the results with the public
and other relevant groups, via the media (TV and
newspapers) and social networks (Facebook, Instagram,
and Twitter); (5) update the WalkingPad project website
with pertinent information [5]; systematize guidelines on
m-health interventions to increase the effectiveness of
HBET programs not only in PAD but also in cardiovas-
cular disease in general.

Discussion
PAD represents a considerable economic burden for
society and health systems, for patients and families, and
therefore, cost-effective treatments are necessary. As
SET programs are difficult to implement systematically
in all patients whenever needed, new options must
emerge, and research has shown that HBET programs
are more accessible, effective, appropriate, cheaper,
patient-friendly, and enjoyable (in contact with nature)
to control IC in patients with PAD. M-health tools are a
promising adjuvant strategy as they are practical, easy to
use, and cost-free. Virtual assistants have been success-
fully used to promote adherence to self-care in various
chronic diseases but have not yet been used to promote
the practice of physical exercise in patients with PAD.
Thus, to the best of our knowledge, this will be the first
randomized clinical trial evaluating the effectiveness of
an HBET program with a behavioral change and motiv-
ational intervention delivered by a virtual assistant, to
promote adherence to physical exercise and, conse-
quently, improve walking distances in patients with PAD
and IC.
The main limitation of this study refers to the low

digital literacy of this population. The inclusion of
participants regardless of their level of digital literacy,
access to digital devices and to Internet, is likely to be a
factor influencing the results. However, the goal is to
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make an app available to the entire population of people
with PAD and not just to the youngest and most
digitally literate.
The strengths of this study include that participation

requires no more consultations than previously
scheduled, no engagement with healthcare professionals
or researchers (apart from formal study assessments),
and interventions do not have serious effects on
individuals when exclusion criteria are assured.
Communication with the research assistant will be
facilitated with an email address and a phone number.
Furthermore, as almost all (if not all) individuals use cell
phones, these m-health tools and virtual health assistants
can potentially fill a gap in access and quality of health-
care services and information available, reducing the
burden on the health system and promoting self-
management and self-care in chronic illness.

Trial status
At the time of submission, this trial was already
recruiting participants. This is version 2.0 of the
protocol, last changes on March 9, 2022; expected date
for completion of recruitment: April 30, 2022; expected
date for the end of data collection: October 30, 2022;
study end date: November 2022.
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