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ABSTRACT
Background: Supervised exercise programs improve walking impair-
ment and quality of life (QoL) in patients with peripheral artery disease
(PAD). However, such programs are underutilized, due to their limited
accessibility. A feasible and effective exercise program is needed. This
study assessed the feasibility of a hybrid onsite and home-based ex-
ercise program (HY-PAD) and changes in walking capacity and PAD-
specific QoL following HY-PAD.
Methods: Due to recruitment challenges imposed by the COVID-19
pandemic, this randomized controlled trial was modified to a pree
post intervention design that excluded the control group. Eligible pa-
tients with PAD were assigned to HY-PAD, consisting of 1-hour, su-
pervised onsite exercise sessions 3 days per week for 4 weeks,
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R�ESUM�E
Contexte : Des programmes d’exercice supervis�es att�enuent la
difficult�e à la marche et am�eliorent la qualit�e de vie chez les patients
atteints d’art�eriopathie p�eriph�erique. Cependant, de tels programmes
sont sous-utilis�es, car ils sont peu accessibles. Un programme d’ex-
ercice faisable et efficace est n�ecessaire. Cette �etude visait à �evaluer
la faisabilit�e d’un programme d’exercice hybride, soit en centre et à
domicile, ainsi que les modifications dans la capacit�e de marcher et
dans la qualit�e de vie sp�ecifique de l’art�eriopathie p�eriph�erique après
un programme d’exercice hybride.
M�ethodologie : En raison des difficult�es d’inscription li�ees à la pan-
d�emie de COVID-19, le plan de cet essai contrôl�e à r�epartition al�eatoire
a �et�e modifi�e pour comprendre une �evaluation pr�e- et post-intervention
Peripheral artery disease (PAD) represents a complex patho-
physiology, such as restricted arterial flow, endothelial
dysfunction, inflammation, muscle structural, and metabolic
abnormalities, resulting in significant functional limitations.1

Patients with PAD are burdened with poor quality of life
(QoL),2 a high risk of ischemic limb symptoms (eg, inter-
mittent claudication),3 amputations,4 and mortality.5 How-
ever, these patients are underdiagnosed and undertreated,
compared to patients with coronary artery disease,2,5 and they
experience suboptimal management of their condition.5,6

Supervised exercise programs improve functional status, leg
symptoms, walking endurance,7-9 and QoL4,10,11 in patients
with PAD. Societal guidelines4,10,12 recommend supervised
exercise programs as a first-line therapy for patients with PAD
who are experiencing intermittent claudication.

Despite robust evidence supporting the efficacy of super-
vised exercise programs, they are heavily underutilized in
PAD,13 due to limited accessibility.14 Effective and accessible
exercise programs for patients with PAD are needed. In patients
with coronary artery disease, a combination of supervised
centre-based and monitored home-based exercise programs (ie,
hybrid cardiovascular [CV] rehabilitation) have been shown to
increase adherence, reduce costs, and result in similar clinical
outcomes, compared to centre-based CV rehabilitation.15 In
those with PAD, monitored, home-based exercise programs
improve walking capacity,16-18 and structured, home-based
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followed by a home-based program with weekly 15-minute telephone
calls to discuss exercise planning for 8 weeks. Feasibility was deter-
mined based on recruitment, adherence, and adverse events. Walking
capacity was measured by a 6-minute walk test. PAD-specific QoL was
assessed using the Walking Impairment Questionnaire.
Results: Of 24 patients enrolled (3 women, aged 70 � 8 years), 21
(87.5%) completed HY-PAD. Twenty participants attended � 87.5% of
prescribed sessions. Two participants experienced adverse events (foot
injury and limb ischemia). The 6-minute walk test distance (357 �
105 vs 413 � 53 meters, P ¼ 0.021), and 2 domains of the ques-
tionnaires (walking speed: 38.4 � 24.1 vs 60.6 � 26.6 points and
stair-climbing: 60.6 � 29.4 vs 74.0 � 23.1 points, both P < 0.001)
increased significantly.
Conclusions: High attendance and low dropout rates support the
feasibility of using HY-PAD, which was associated with improved
walking capacity and PAD-specific QoL. Future studies are warranted
to confirm its efficacy.

qui excluait le groupe t�emoin. Des patients atteints d’une art�eriopathie
p�eriph�erique admissibles ont �et�e inscrits au programme d’exercice
hybride en centre et à domicile consistant en des s�eances d’exercice
d’une heure supervis�ees dans un centre 3 jours par semaine durant 4
semaines, ainsi qu’un programme bas�e au domicile des patients,
comportant des appels t�el�ephoniques hebdomadaires de 15 minutes
pour discuter de la planification des exercices, durant 8 semaines. La
faisabilit�e a �et�e d�etermin�ee sur la base des inscriptions, de l’adh�esion
des patients et des effets ind�esirables. La capacit�e de marcher a �et�e
mesur�ee à l’aide d’un test de marche de 6 minutes. La qualit�e de vie
sp�ecifique de l’art�eriopathie p�eriph�erique a �et�e �evalu�ee à l’aide du
questionnaire WIQ (Walking Impairment Questionnaire).
R�esultats : Parmi les 24 patients inscrits (3 femmes; âg�es de 70 � 8
ans), 21 (87,5 %) se sont rendus à la fin du programme d’exercice
hybride en centre et à domicile. Vingt participants ont assist�e à au
moins 87,5 % des s�eances pr�evues. Deux participants ont connu des
effets ind�esirables (l�esion au pied et isch�emie d’un membre). La dis-
tance au test de marche de 6 minutes (357 � 105 vs 413 � 53
mètres, p ¼ 0,021) et 2 domaines des questionnaires (vitesse de la
marche : 38,4 � 24,1 vs 60,6 � 26,6 points et mont�ee des marches :
60,6 � 29,4 vs 74,0 � 23,1 points, p < 0,001 pour les deux) ont
augment�e consid�erablement.
Conclusions : La participation �elev�ee et le faible taux d’abandons
appuient la faisabilit�e des programmes d’exercice hybride en centre et
à domicile, lesquels ont �et�e associ�es à une am�elioration de la marche
et de la qualit�e de vie li�ee à l’art�eriopathie p�eriph�erique. De futures
�etudes sont n�ecessaires pour en confirmer l’efficacit�e.
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programs are recommended when supervised exercise is not
feasible.12 Given the established benefits of supervised, centre-
based and monitored, home-based exercise programs in PAD, a
hybrid CV rehabilitation (ie, a biphasic exercise program
starting with a lead-in supervised phase followed by a moni-
tored, home-based phase) may be an effective program, with
increased accessibility and adherence in patients with PAD.

The primary purpose of this pilot study was to examine the
feasibility of a hybrid onsite and home-based exercise program in
patients with PAD (HY-PAD) who are living with intermittent
claudication. The secondary purpose was to examine the changes
in pain-free and maximum walking distances, PAD-specific
QoL, and CV risk indicators associated with HY-PAD.
Methods

Focus-group interview

To understand and accommodate the specific needs, barriers,
and preferences of patients with PAD, and to deliver a program
that is well-received, sustainable, and effective, we conducted a
focus-group interview with patients with lived experiences of
PAD and their caregivers. This interview reaffirmed the signifi-
cant burden that PAD imposes on patients’ daily living and
QoL, and all patients and caregivers highlighted improvements
in their walking capacity as a top priority for their health and
QoL. When asked about specific modes of program delivery that
would best address their needs, some patients indicated a pref-
erence for being supervised, as a means to overcome their fears of
exercise, learn their limits, and feel safe and comfortable to ex-
ercise in the hospital setting, whereas others indicated a need for
a more-individualized and flexible program delivered at home.
The findings from this focus group led to the development of
HY-PAD to improve functional status, QoL, and CV disease-
risk indicators in patients with PAD.

Study design

HY-PAD (ClinicalTrials.gov ID: ICT03649204) was
designed as a pilot, single-centre randomized controlled trial
with 2 parallel arms to compare HY-PAD and standard care in
patients with PAD. In 2020, the trial was put on hold due to
the COVID-19 pandemic, which precluded in-person contact
for several months. This step was followed by permanent
changes to our CV rehabilitation programs to adapt to the new
regulations requiring increased distancing and reduced class
size. During the pandemic, the study was deemed to be high
risk, as the protocol required high-risk populations (ie, older
populations with CV disease) to report to the hospital. To
reduce the total number of patient visits and in-person in-
teractions, the study team reviewed the design and removed the
standard-care arm to allocate all participants to HY-PAD in
January 2022. The modified study protocol (ie, pre/post-test
design) was approved by the Ottawa Health Science Network
Research Ethics Board (Protocol #: 20180658-01H) and
updated on ClinicalTrials.gov. The current study is reported in
accordance with the CONSORT and SPIRIT Extension for
RCTs Revised in Extenuating Circunstabce (CONSERVE)
guidance19 to improve the transparency and completeness of
reporting important protocol modifications.

Study participants

Participants meeting the following criteria were included:
patients with intermittent claudication with hemodynamic
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evidence of PAD characterized by ankle-brachial index (ABI)
� 0.90 or > 1.4020 or anatomic evidence of � 50% lower-
extremity arterial stenosis identified by lower-extremity
angiography, computed tomography angiography, magnetic
resonance angiography, or ultrasound; able to participate in
the 6-minute walk test (6MWT; ie, ability to walk indepen-
dently); and willingness to provide informed consent. Patients
who had lower-extremity amputation, critical limb ischemia,
open lower-extremity wounds, or difficulty walking or un-
derstanding English or French were excluded.

Recruitment

The target sample size for this pilot study was n ¼ 25.
Patients who consented to be contacted for research purposes
were contacted for study participation. If patients were
referred to the CV or PAD rehabilitation program, research
staff contacted the treating physicians for permission to
approach for the study. Interested patients met with the
research staff who explained the study and obtained written
informed consent.

Baseline assessments

Age, sex, past medical history, past surgical and interven-
tional history, medications, most recent ABI, family history of
PAD, socioeconomics (ie, education level, net household in-
come), and employment status were collected by research staff.
Participants’ smoking status, glucose and lipid profiles,
Walking Impairment Questionnaire (WIQ; measure of PAD-
specified QoL), and 6MWT results were extracted from clin-
ical intake assessments for those with PAD. All participants
underwent baseline assessments including arterial stiffness using
an automated blood pressure instrument (Mobil-O-Graph,
IEM, Stolberg, Germany) and anthropometric measures, such
as height, body mass, and waist and hip circumference.

HY-PAD

Participants were randomized in a 1:1 ratio into the HY-
PAD or standard-care arm before the protocol amendment.
Following the amendment, all recruited participants were
assigned to the HY-PAD program. Participants attended a 1-
hour supervised onsite PAD program 3 days per week for 4
weeks (a total of 12 sessions). During the supervised sessions,
participants either walked on the indoor rehabilitation track or
on treadmills at a walking speed producing the pain-scale
score of 3-4 leg pain out of 5 after 8 minutes. Participants
then rested until the pain subsided, and then started again,
repeating the cycle 4 times for a total of 32 minutes of
walking. The clinical consensus statement by the European
Society of Cardiology Working Group recommends this type
of exercise12; it is considered the most-effective intervention to
improve walking-related outcomes.21

Following the 4-week onsite program, participants atten-
ded an 8-week home-based exercise program with weekly
telephone calls (a total of 8 calls). Participants were instructed
to perform unsupervised exercise as performed during the
onsite sessions 3 days per week. Physiotherapists called the
participants once a week (each call was approximately 15
minutes in duration), during which participants engaged in
exercise-planning, goal-setting, action-planning, problem-
solving, skill-building, and tips for exercise maintenance.
Follow-up assessments

Research staff collected the following: medications used,
smoking status, WIQ responses, glucose and lipid profiles, and
6MWTresults, if theywere assessed as part of the clinical practice
at our institute. If any of the measures were not completed, the
study team performed the assessments. Participants also
completed anthropometric and arterial-stiffness measures.

Primary outcome

Feasibility. Recruitment ratio, drop-out and reasons, adher-
ence, and adverse events were assessed for feasibility. Recruit-
ment rate was determined by the number of participants who
enrolled during the study period. The dropout level was
assessed as the number of participants who discontinued their
participation in the HY-PAD program after first consenting to
participate. Adherence to the onsite program was assessed by
the number of prescribed exercise sessions completed by par-
ticipants. For the home-based program, adherence was assessed
by the number of phone calls participants completed.

Secondary outcomes

6MWT. Participants were instructed to walk on an indoor
truck as far as possible for 6 minutes. With the onset of
claudication, participants were permitted to rest until the pain
subsided. The time of the onset of claudication and the dis-
tance covered before the onset of claudication were recorded,
in addition to the total walking distance. When participants
did not experience claudication during the 6MWT, the data
were excluded from the analysis. The minimal clinically
important differences (MCIDs) reported for patients with
PAD completing home-based exercise were used. For small,
moderate, and large changes in pain-free walking distance, the
MCIDs were 24, 61, and 97 meters, respectively.22 The
MCIDs for small, moderate, and large changes in 6MWT
distance were 11, 28, and 45 meters, respectively.22

WIQ. WIQ assesses a PAD-specific measure of QoL,
including self-perceived limitations in walking distance,
walking speed, and stair-climbing.23 Each domain was scored
on a scale of 0-100, for which 0 represented the greatest
difficulty, and 100 represents the minimum restriction. The
WIQ is a valid measure of walking ability in heterogeneous
groups, including PAD.24 Published MCIDs were 6, 14, and
23 points for WIQ distance; 5, 12, and 19 points for WIQ
speed score; and 5, 13, and 22 points for WIQ stair-climbing
score, respectively, for small, moderate, and large
differences.22

Blood glucose and lipid concentrations. Glycated hemo-
globin A1C (A1C), cholesterol, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, and triglyc-
eride concentrations were retrieved from medical charts. If
they were not completed clinically, the glucose and lipid
concentrations were collected by research staff.

Cardiovascular hemodynamics. Noninvasive CV hemody-
namics were measured by brachial and central blood pressure,
cardiac output, stroke volume, augmentation index
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Figure 1. Flow chart of participants through each stage. CR, cardiovascular rehabilitation; HY-PAD, hybrid onsite and home-based exercise program;
PAD, peripheral artery disease; RCT, randomized controlled trial.
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normalized for a heart rate of 75 beats per minute (AIx@75),
augmentation pressure, total vascular resistance, and estimated
pulse wave velocity using an ambulatory blood pressure
monitoring system (Mobil-O-Graph). These measures were
repeated 3 times, following 10 minutes of seated rest. While
measurements were being taken, the participant was instruc-
ted to remain still, in a comfortably seated position. The 3
consecutive measures were averaged for analyses.

Statistical analysis

Statistical analyses were conducted with SPSS Statistics,
version 28 (IBM, Armonk, NY). Intention-to-treat analysis
was performed. For feasibility, descriptive statistics were used.
For our secondary outcomes, the Shapiro-Wilk test was used
to test for normality. Walking distance, claudication distance
and time, WIQ distance, WIQ stair, total vascular resistance,
augmentation pressure augmentation index, A1C, high-
density lipoprotein cholesterol, and triglycerides measures
violated the normality assumption. These data were normal-
ized using a 2-step approach.25 Because the transformed data
showed results consistent with those for the nontransformed
data, outputs from the nontransformed data are reported. To
evaluate whether outcomes were missing at random, or due to
a systemic error, Little’s test of missing completely at random
was performed. As data were found to be missing at random, a
linear mixed-effects model with an unstructured covariance
matrix was used to examined changes in walking time and
distance, cardiovascular hemodynamics, blood glucose, and
lipid concentrations over time. The maximum likelihoode
estimation method was used to handle missingness. A 2-
sided P value < 0.05 was considered statistically significant.
Data are presented separately for female and male participants,
as a previous study reported sex differences in WIQ scores in
response to supervised exercise.26 However, no sex-specific
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analysis or between-sex comparisons were performed, owing
to the limited number of female participants.
Characteristic N ¼ 24 (n ¼ 3) (n ¼ 21)

Age, y 70 [8] 71 [13] 70 [7]
Height, cm 170.0 [9.6] 160.0 [5.3] 171.5 [9.2]
Body mass, kg 77.9 [19.1] 70.8 [17.7] 78.9 [19.5]
Ankle-brachial index 0.68 [0.17] 0.71 [0.14] 0.68 [0.18]
Current employment status
Full-time employed 5 (21) 0 (0) 5 (24)
Disability leave 3 (13) 1 (33) 2 (10)
Retired 13 (54) 1 (33) 12 (57)
Unknown 3 (13) 0 (0) 3 (14)

Net annual household income,
CAD

< 39,000 4 (17) 0 (0) 4 (19)
40,000e99,999 6 (25) 3 (100) 3 (14)
> 100,000 11 (46) 0 (0) 11 (52)
Unknown 3 (13) 0 (0) 3 (14)

Highest level of education
attained

High school 6 (25) 2 (67) 4 (19)
College 5 (21) 1 (33) 4 (19)
Associate’s and/or bachelor’s

degree
7 (29) 0 (0) 7 (33)

Master’s, doctoral, or
professional degree

4 (17) 0 (0) 4 (19)

Unknown 2 (8) 0 (0) 2 (10)
Risk factors
Family history of PAD 8 (33) 1 (33) 7 (33)
Current smoking 1 (4) 0 (0) 1 (5)
Past smoking 22 (92) 3 (100) 19 (91)
Hypertension 19 (79) 2 (67) 17 (81)
Diabetes 11 (46) 1 (33) 10 (48)
Obstructive sleep apnea 6 (25) 2 (67) 4 (19)

Coexisting cardiovascular conditions
Myocardial infarction 8 (33) 0 (0) 8 (38)
Percutaneous coronary

intervention
6 (25) 0 (0) 6 (29)

Coronary artery bypass graft
surgery

11 (46) 0 (0) 11 (52)

Stroke 3 (13) 0 (0) 3 (14)
Heart failure 4 (17) 0 (0) 4 (19)

Medications
ACE-inhibitor 12 (50) 1 (33) 11 (52)
b-blocker 18 (75) 1 (33) 17 (81)
Angiotensin-receptor

blocker
5 (21) 0 (0) 5 (24)

Calcium-channel blocker 7 (29) 1 (33) 6 (29)
Diuretics 13 (54) 2 (67) 11 (52)
Aspirin 17 (71) 3 (100) 14 (67)
Metformin 6 (25) 0 (0) 6 (29)
Insulin 6 (25) 0 (0) 6 (29)

Values are mean [standard deviation] or n (%). CAD, Canadian dollar;
PAD, peripheral artery disease; ACE, angiotensin-converting enzyme
inhibitor.
Results
Figure 1 shows the flow of participants through each stage

of the trial. Briefly, of the 120 patients assessed for eligibility,
24 enrolled in HY-PAD. Most of the participants were male
(n ¼ 21; 87.5%). Baseline characteristics are summarized in
Table 1.

Feasibility (adherence, attrition, and adverse events)

Two participants randomized into the control group prior
to the protocol amendment decided not to attend HY-PAD
following the baseline assessments. Of the remaining 24
enrolled in HY-PAD (20% recruitment ratio), the onsite
program was completed by all participants. A total of 21
participants completed all 12 supervised sessions (ie, 100%
adherence); 2 completed 11 sessions (92% adherence); and 1
participant completed 2 sessions (17% adherence). No adverse
events occurred during the supervised program.

Although attending the home-based program, 1 participant
was admitted to the hospital for limb ischemia during week 5.
Of the remaining 23 participants, 19 attended all 8 phone-call
meetings (100% adherence); 1 attended 7 meetings (88%
adherence); 1 attended 4 meetings (50% adherence); 1
attended 3 meetings (38% adherence); and 1 did not attend
any meetings (0% adherence). One participant ruptured their
Achilles tendon during the last week and was not able to
complete the follow-up assessments. Another participant who
had a low level of adherence (ie, 17% for onsite, and 0% for
home-based) was unable to complete the follow-up assess-
ments, owing to non-PAD health issues. Altogether, 17 par-
ticipants attended all onsite sessions and telephone meetings.
Overall adherence was 93% � 19%.

6MWT

Pre- and post-6MWTs were completed by 21 participants.
Following completion of the HY-PAD program, the onset of
claudication distance (157 � 90 vs 236 � 122 meters; P <
0.001) and time (139 � 70 vs 199 � 94 seconds; P < 0.001)
increased significantly (Fig. 2). Seven participants (33.3%)
achieved a small MCID; 1 (4.8%) achieved a moderate
MCID; and 6 (28.6%) achieved a large MCID for pain-free
walking distance, respectively.

Total 6MWT distance increased from 357 � 105 to 413
� 53 meters (P ¼ 0.021; Fig. 2). Two participants (9.5%)
achieved a small MCID; 2 (9.5%) achieved a moderate
MCID; and 9 (42.9%) achieved a large MCID, respectively.

WIQ

Changes in the WIQ outcomes are presented in Figure 3.
The WIQ speed score increased from 38.4 � 25.1 to 60.6 �
26.6 points (P < 0.001), and the WIQ stair-climbing score
increased from 60.6 � 29.4 to 74.0 � 23.1 points (P <
0.001). The WIQ distance score did not increase significantly
(39.8 � 30.6 to 53.6 � 34.0 points, P ¼ 0.072). Three
(14%), one (5%), and 14 (64%) achieved small, moderate,
and large MCIDs for the WIQ speed score. For the WIQ
stair-climbing score, 5 (28%), 3 (17%), and 5 (28%),
respectively, achieved the small, moderate, and large MCIDs.
For the WIQ speed score, 3 (14%), 1 (5%), and 14 (64%)
achieved small, moderate, and large MCIDs, respectively.

Noninvasive CV hemodynamics. Noninvasive CV hemo-
dynamics parameters measured at baseline and following
completion of the HY-PAD program are summarized in
Table 2. No significant changes occurred in the parameters.

Blood glucose and lipid concentrations. Changes in
glucose and lipids measures are presented in Table 3. No sig-
nificant changes occurred in glucose or lipid concentrations.
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Figure 2. 6-minute walk test (6MWT) outcomes at baseline and 12 weeks. (A) Pain-free walking distance; (B) Pain-free walking time; (C) 6MWT
distance. *P < 0.05, ***P < 0.001.
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Discussion
This study is the first to report that a hybrid exercise program

consisting of onsite and home-based components is feasible and
associated with a significant increase in pain-free walking time
and distance, and maximum 6MWT distance. Our results also
showed that HY-PAD program completion was associated with
significant improvements in self-perceived limitations, including
walking speed and stair-climbing, but not with changes in CV
hemodynamics, blood glucose or lipid concentrations. Walking
capacity is an important predictor of the later morbidity and
mortality incidence in patients with PAD.27 Increasing exercise
performance with a corollary improvement in QoL and func-
tional status is the primary goal of PAD treatment.2

The combination of acceptable recruitment ratio, low
dropout rates, high attendance rates, and a small number of
A B

Figure 3. Changes in self-perceived walking limitations assessed by Walki
speed score; (C) WIQ stair-climbing score. ***P < 0.001.
adverse events suggests that the HY-PAD program is a feasible
intervention associated with improved walking capacity in pa-
tients with PAD. Of 120 individuals assessed for eligibility, 57
did not have PAD or were not referred to CV rehabilitation, 6
had lower-limb amputation, and 12 had critical-limb ischemia.
Of the remaining 44 patients with PAD, 24 consented to
participate in the HY-PAD program. Although our recruitment
ratio (20%) was slightly better than that in previous RCTs
(11%-15%),28,29 it was relatively low considering that the
intervention was designed to increase accessibility. This differ-
ence may be attributable partly to the inclusion of individuals
without PAD and those not referred to CV rehabilitation
during their initial contact. The adherence level to the program
was high for both onsite supervised and home-based, remote
programs, except for 1 participant with health issues unrelated
✱✱✱ ✱✱✱

C

ng Impairment Questionnaire (WIQ). (A) WIQ distance score; (B) WIQ



Table 2. Baseline and follow-up noninvasive cardiovascular hemodynamic measures

Measure n Baseline n 12-week Pre vs post, P

Systolic blood pressure, mm Hg O 23 127 (19) 17 128 (19) 0.761
F 3 133 (20) 3 134 (8)
M 20 127 (19) 14 127 (20)

Diastolic blood pressure, mm Hg O 23 73 (9) 17 71 (9) 0.183
F 3 75 (11) 3 73 (9)
M 20 73 (9) 14 71 (9)

Stroke volume, mL O 23 79.6 (10.1) 17 77.8 (12.2) 0.646
F 3 81.1 (11.8) 3 74.3 (11.6)
M 20 79.4 (10.1) 14 78.5 (12.6)

Cardiac output, L/min O 23 5.3 (0.9) 17 5.1 (1.0) 0.480
F 3 5.6 (1.0) 3 4.8 (0.8)
M 20 5.2 (0.9) 14 5.1 (1.1)

Total vascular resistance, dyn/cm5 O 23 1.2 (0.3) 17 1.3 (0.4) 0.607
F 3 1.1 (0.4) 3 1.3 (0.2)
M 20 1.2 (0.3) 14 1.3 (0.4)

Augmentation pressure, mm Hg O 23 15.7 (12.3) 17 16.0 (12.0) 0.282
F 3 18.4 (16.8) 3 22.6 (9.5)
M 20 15.3 (12.0) 14 14.6 (12.3)

Augmentation index @ 75 bpm O 23 15.7 (12.3) 17 15.0 (11.0) 0.859
F 3 18.4 (16.8) 3 21.8 (9.6)
M 20 15.3 (12.0) 14 13.5 (11.1)

Aortic pulse wave velocity, 90 m/sec O 23 10.1 (1.3) 17 10.1 (1.8) 0.986
F 3 10.4 (1.9) 3 10.3 (2.6)
M 20 10.1 (1.3) 14 10.1 (1.7)

bpm, beats per minute; F, females; M, males; O, overall.
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to PAD that negatively affected attendance. Because patient
monitoring, patient education, self-efficacy, goal-setting, feed-
back, and training plan are critical for successful outcomes for
patients with PAD enrolled in home-based programs,30 weekly
phone calls may have contributed to a low level of attrition, a
high level of adherence, and significant increases in walking
capacity. No adverse events occurred during the onsite super-
vised sessions. However, rupture of the Achilles tendon and
limb ischemia were reported during remote sessions, suggesting
that an enhanced level of caution may be required for unsu-
pervised programs. The dropout rate was low, with only those
who experienced adverse events withdrawing from the study
(n ¼ 3; 13%). This rate was lower than the rates of withdrawal
from onsite CV rehabilitation programs in patients with PAD
(22%), and in those with concomitant PAD and coronary ar-
tery disease (25%).31
Table 3. Blood glucose and lipid concentrations, at baseline and 12 weeks

Concentration n Ba

Glycated hemoglobin A1C, % O 23 6.2
F 2 7.3
M 21 6.1

Cholesterol, mmol/L O 21 3.2
F 2 3.7
M 19 3.1

HDL-C, mmol/L O 21 1.1
F 2 1.3
M 19 1.1

LDL-C, mmol/L O 21 1.5
F 2 1.6
M 19 1.4

Triglycerides, mmol/L O 21 1.4
F 2 1.7
M 19 1.3

F, females; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density li
The mean change in 6MWT distance (49 � 94 meters)
following HY-PAD program participation was greater than
the change induced by a previous 12-week, supervised
program (15 � 52 meters), and comparable to a home-based
program (45 � 53 meters).18 A previous meta-analysis
showed that home-based walking exercise is associated
with greater improvements in 6MWT distance, compared to
supervised exercise.16 Our results may have been similar to
those from a previous home-based program18 because a large
part of our HY-PAD program (8 of 12 weeks) was home-
based. The 6MWT distance is associated closely with
physical activity during daily life in patients with PAD.32

Given that more than half of the participants achieved a
moderate-to-large MCID for changes in 6MWT distance,
the HY-PAD program may improve the functional capacity
of patients with PAD who are living with claudication.
seline n 12-week Pre vs post, P

(1.1) 19 6.0 (0.8) 0.378
(1.8) 2 6.1 (0.4)
(1.0) 17 6.0 (0.8)
(0.8) 21 3.3 (0.7) 0.515
(0.2) 3 3.6 (0.7)
(0.8) 18 3.2 (0.7)
(0.4) 21 1.2 (0.4) 0.218
(0.0) 3 1.6 (0.5)
(0.4) 18 1.2 (0.4)
(0.6) 20 1.4 (0.6) 0.325
(0.2) 3 1.1 (0.7)
(0.6) 17 1.4 (0.5)
(0.6) 21 1.6 (1.1) 0.279
(1.1) 3 1.9 (1.3)
(0.6) 18 1.5 (1.0)

poprotein cholesterol; M, males; O, overall.
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Similarly, the significant increases in claudication walking
distance and time support the potential benefits of HY-PAD
program participation. The change in pain-free walking
distance following HY-PAD participation (74 � 89 meters)
was similar to the effects of exercise, compared with usual
care, reported in a previous meta-analysis (82 meters, 95%
confidence interval: 72-92 meters).33 Although the change
in pain-free walking time following HY-PAD program
participation (60 � 77 seconds) was less than that reported
in the review (2.9 minutes, 95% confidence interval: 1.8-4.1
minutes),33 this difference is likely due to the fact that pain-
free time was assessed during the 6MWT in this study,
compared to treadmill walking in other studies. Leg pain
during activity is a major determinant of functional limita-
tion among patients with PAD, negatively affecting their
ability to perform activities of daily living and their QoL.4

Although physiologic adaptations mediating the changes in
walking ability were not examined in this study, one possi-
bility is that HY-PAD participation increased walking ca-
pacity by improving arterial flow, endothelial function,
inflammation, muscle structural, and metabolic abnormal-
ities.1 The improvements in PAD-specific QoL may be
attributable to the improvements in functional capacity and
pain-free walking ability.

The mean changes in WIQ distance (13.4 � 35.1 points)
and stair-climbing (16.9 � 16.8 points) scores observed in our
study were similar to the changes seen following a 12-week
supervised program (WIQ distance score, 13 � 28 points;
WIQ stair-climbing score, 12 � 15 points), whereas the
change in WIQ speed score observed in our study was larger
(22.5 � 25.4 vs 9 � 15 points).34 This result suggests that a
hybrid program can have similar or greater effects on the WIQ
scores, compared to those of supervised programs. Why the
only the improvement in WIQ speed score was greater in our
HY-PAD program, compared to the score in the previous
study is unclear. Given that home-based exercise may be su-
perior to supervised exercise to increase community-based
ambulation,34 our HY-PAD program that prescribed home-
based exercise following supervised exercise sessions may
have had a positive impact on the WIQ speed score. Com-
bined with the outcomes showing that most participants
achieved the MCID for WIQ scores, HY-PAD participation
may be beneficial in improving self-perceived limitations in
walking ability.

The lack of changes in blood glucose or lipid concentra-
tions observed in our study is consistent with results in pre-
vious exercise studies in PAD.7 Blood glucose and lipid
concentrations of our participants at baseline were well
controlled, leaving little room for improvement. This situation
may have resulted in no change following HY-PAD program
participation. Similarly, CV hemodynamics, an independent
predictor for CV events and mortality,35 did not change over
12 weeks. Because changes in CV hemodynamics depend on
exercise intensity,35 our exercise program may have lacked the
intensity required to produce significant changes. Another
possibility is that our 12-week program was not sufficient for
the vascular system remodelling, as exercise training load is a
major determinant of structural change.36 Important to note
is that because these measures were collected at rest, we cannot
disregard the possibility that CV responses may have differed
during exercise.
A major limitation of the study was that we had to modify
the design from a randomized trial to a pre/post design, as a
means to reduce the number of patients’ hospital visits during
the COVID-19 pandemic. This approach resulted in a
smaller-than-anticipated number of participants. The small
sample size precluded us from establishing the feasibility of
participation in the HY-PAD program, compared to receipt of
standard of care. Additionally, the efficacy of the HY-PAD
program on the important changes was not established, as
we lacked a control group. Given the promising results, future
randomized trials are warranted to examine the efficacy of
hybrid programs in patients with PAD. Second, although we
were sensitive to the issue of under-recruitment of female
participants in clinical trials, our study participants were
predominantly male, limiting the generalizability of our
findings to the female population. An important result is that,
of 41 potential female participants screened, only 3 (7%)
enrolled in the HY-PAD program. This participation level is
markedly lower than the 18% enrollment level of male par-
ticipants. Strategies to increase female participation are war-
ranted. Third, adherence to the home-based program was
assessed based on the number of phone calls completed by the
participants. The number of sessions completed by the par-
ticipants was not available in our study. Further, data on ex-
ercise intensity were not available. This limitation is major,
given that exercise intensity is a determinant of walking per-
formance.37 Future studies should measure exercise intensity
of interventions to develop more-specific exercise prescriptions
for patients with PAD. Last, a ceiling effect occurred on the
onset of claudication time and distance, because they were
assessed during the 6MWT. For example, one participant did
not experience claudication during the baseline 6MWT, and
this did not change over time. Improvements that may have
occurred in this participant were not captured.

Conclusion

The finding from this pre/post-intervention study showed
that the HY-PAD program was feasible and was associated
with significantly increased walking capacity and decreased
self-perceived walking limitations in patients with PAD.
Given the challenges in participating in onsite CV rehabili-
tation programs,38 the hybrid program may offer a feasible
and effective intervention to improve the functional capacity
and QoL of patients suffering from PAD. Future randomized
controlled trials are warranted to confirm the efficacy of the
HY-PAD program in patients with PAD.
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