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IMPORTANCE Home-based walking exercise interventions are recommended for people with
peripheral artery disease (PAD), but evidence of their efficacy has been mixed.

OBJECTIVE To investigate the effect of a home-based, walking exercise behavior change
intervention delivered by physical therapists in adults with PAD and intermittent claudication
compared with usual care.

DESIGN, SETTING, AND PARTICIPANTS Multicenter randomized clinical trial including 190 adults
with PAD and intermittent claudication in 6 hospitals in the United Kingdom between
January 2018 and March 2020; final follow-up was September 8, 2020.

INTERVENTIONS Participants were randomized to receive a walking exercise behavior change
intervention delivered by physical therapists trained to use a motivational approach (n = 95)
or usual care (n = 95).

MAIN OUTCOMES AND MEASURES The primary outcome was 6-minute walking distance at
3-month follow-up (minimal clinically important difference, 8-20 m). There were 8 secondary
outcomes, 3 of which were the Walking Estimated Limitation Calculated by History (WELCH)
questionnaire (score range, 0 [best performance] to 100), the Brief Illness Perceptions
Questionnaire (score range, 0 to 80 [80 indicates negative perception of illness]), and the
Theory of Planned Behavior Questionnaire (score range, 3 to 21 [21 indicates best attitude,
subjective norms, perceived behavioral control, or intentions]); a minimal clinically important
difference was not defined for these instruments.

RESULTS Among 190 randomized participants (mean age 68 years, 30% women, 79% White
race, mean baseline 6-minute walking distance, 361.0 m), 148 (78%) completed 3-month
follow-up. The 6-minute walking distance changed from 352.9 m at baseline to 380.6 m
at 3 months in the intervention group and from 369.8 m to 372.1 m in the usual care group
(adjusted mean between-group difference, 16.7 m [95% CI, 4.2 m to 29.2 m]; P = .009). Of
the 8 secondary outcomes, 5 were not statistically significant. At 6-month follow-up, baseline
WELCH scores changed from 18.0 to 27.8 in the intervention group and from 20.7 to 20.7 in
the usual care group (adjusted mean between-group difference, 7.4 [95% CI, 2.5 to 12.3];
P = .003), scores on the Brief Illness Perceptions Questionnaire changed from 45.7 to 38.9 in
the intervention group and from 44.0 to 45.8 in the usual care group (adjusted mean
between-group difference, −6.6 [95% CI, −9.9 to −3.4]; P < .001), and scores on the attitude
component of the Theory of Planned Behavior Questionnaire changed from 14.7 to 15.4 in the
intervention group and from 14.6 to 13.9 in the usual care group (adjusted mean
between-group difference, 1.4 [95% CI, 0.3 to 2.5]; P = .02). Thirteen serious adverse events
occurred in the intervention group, compared with 3 in the usual care group. All were
determined to be unrelated or unlikely to be related to the study.

CONCLUSIONS AND RELEVANCE Among adults with PAD and intermittent claudication,
a home-based, walking exercise behavior change intervention, compared with usual care,
resulted in improved walking distance at 3 months. Further research is needed to determine
the durability of these findings.
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L ower extremity peripheral artery disease (PAD) is asso-
ciated with reduced walking capacity and an increased
risk of cardiovascular morbidity and mortality.1 Super-

vised exercise therapy is recommended to improve walking ca-
pacity in people with PAD, but participation rates are low.2,3

Barriers to participation include lack of time, requirements for
transportation to supervised exercise sessions, motivation, and
resources.2,4,5 Home-based exercise behavior change inter-
ventions that include regular support from a clinician or coach
are an acceptable option and may help individuals adhere to
walking exercise outside of a supervised setting, but evi-
dence of their effect has been mixed.6,7

Important components of an intervention to support
walking exercise behavior change include an individual’s
knowledge and understanding of PAD, beliefs about walking
as an effective therapy for PAD, confidence and ability to
manage their symptoms, and guidance on appropriate walk-
ing dosage and environments.8,9 Targeting these factors
using theory-based, behavioral change strategies and exer-
cise advice may increase walking capacity among individuals
with PAD.10,11

The Motivating Structured Walking Activity in People With
Intermittent Claudication (MOSAIC) trial was a multicenter ran-
domized clinical trial designed to determine whether a home-
based, walking exercise behavior change intervention deliv-
ered by trained physical therapists improved walking capacity,
compared with usual care, in people with PAD and intermit-
tent claudication.

Methods
The National Research Ethics Committee London–Bloomsbury,
United Kingdom approved the trial protocol. Participants pro-
vided written informed consent. This assessor-blinded, mul-
ticenter, randomized clinical trial with 2 parallel groups en-
rolled participants between January 2018 and March 2020 and
conducted follow-up over a 6-month period (final follow-up
was completed by September 8, 2020). The study protocol12

(Supplement 1) and statistical analysis plan (Supplement 2) are
available online.

Participant Identification
Participants were recruited from vascular clinics of 6 public
hospitals in southeast England, UK (Guy’s and St Thomas’
Hospital NHS Foundation Trust, King’s College Hospital NHS
Foundation Trust, St George’s Hospital NHS Foundation
Trust, Royal Free Hospital NHS Foundation Trust, Royal
London Hospital, Barts Health NHS Trust, Ashford and
St Peter’s Hospital NHS Foundation Trust).

Eligibility Criteria
Criteria for study inclusion comprised the following: (1) par-
ticipants aged 50 years or older; (2) PAD determined by the
consulting clinician based on ankle-brachial pressure index
of 0.90 or less, radiographic evidence of PAD, or clinician-
reported diagnosis of PAD (also, people with an ankle-
brachial pressure index >0.90 were enrolled if there was

other evidence of PAD [eg, clinical diagnosis or radiographic
evidence of PAD determined by the consulting clinician]);
(3) self-reported claudication identified using the San Diego
Claudication Questionnaire13 and defined as calf pain during
walking or atypical symptoms (eg, symptoms affecting the
buttocks or thighs but not the calves); and (4) ability to par-
ticipate in the trial and provide informed consent.

Criteria for study exclusion comprised the following:
(1) unstable PAD, defined as self-reported change in symp-
toms during the previous 3 months in response to the ques-
tion “Has there been any change in your symptoms during
the past 3 months?”; (2) walking more than 90 minutes per
week as self-reported on the Brief International Physical
Activity Questionnaire14; (3) contraindications to exercise
determined by the consulting clinician; and (4) completion of
any medically prescribed supervised exercise in the previous
6 months or planned participation in prescribed supervised
exercise in the next 6 months.

Randomization and Masking
Participants were randomly assigned in a 1:1 ratio to receive
either a walking exercise behavior change intervention or usual
care using a computer-generated randomization system, with
randomly selected block sizes of 2 and 4 stratified by center
(Figure 1). The outcome assessor and the trial statistician were
masked to group allocation until analyses were completed. It
was not possible to mask the participants or treating physical
therapists to group allocation after randomization because of
the nature of the interventions.

Interventions
Walking Exercise Behavior Change Intervention
Thewalkingexercisebehaviorchangeinterventionwasinformed
by 2 psychological models (Theory of Planned Behavior and the
Common-Sense Model of Illness Representations).15,16 It con-
sisted of two 60-minute in-person sessions (weeks 1 and 2) and
two 20-minute telephone sessions (weeks 6 and 12) delivered by
physical therapists over 3 months.12

Interventions were delivered by physical therapists who
were trained to use a motivational interviewing approach
guided by behavior change principles to increase partici-
pants’ intention and commitment to walking exercise. Each

Key Points
Question Does a home-based, walking exercise behavior change
intervention delivered by physical therapists improve walking
capacity compared with usual care in adults with peripheral artery
disease (PAD) and intermittent claudication?

Findings In this randomized clinical trial that included 190
participants with intermittent claudication due to PAD, receipt of
the intervention, compared with usual care, resulted in a
statistically significant adjusted difference in mean 6-minute walk
distance of 16.7 m at 3 months.

Meaning Among adults with PAD, a home-based, walking exercise
behavior change intervention, compared with usual care,
increased 6-minute walking distance at 3 months.

A Walking Exercise Behavior Change Intervention vs Usual Care in Adults With Peripheral Artery Disease Original Investigation Research

jama.com (Reprinted) JAMA April 12, 2022 Volume 327, Number 14 1345

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 07/30/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.3391?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.3391
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.3391?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.3391
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.3391


intervention session included mandatory components to
facilitate accurate participant knowledge about PAD and
positive beliefs about walking exercise as a treatment.12 Con-
tent was tailored to the participant’s knowledge and current
walking exercise behavior; it helped participants to identify
their current abilities and the goals participants wanted to
achieve by increasing their walking capacity, their challenges
to completing walking exercise, and strategies for overcom-
ing these challenges.

Walking exercise goals and plans were agreed upon collab-
oratively with the physical therapist and included identifying
progressive, individualized walking targets to achieve at least
30 minutes of walking per day, at a pace that elicited moderate

leg symptoms, 3 times per week.3 Participants recorded where,
when, and with whom they would walk17 and established ways
to self-monitor their walking exercise (eg, recording steps with
a pedometer or recording the distance or duration walked in
an exercise diary). Participants received a pedometer (Yamax
Digi-Walker SW-200) and an intervention manual that in-
cluded an exercise diary, with goal setting, problem-solving,
and action planning worksheets. The intervention was de-
signed to enable participants to continue their walking exer-
cise independently after the final intervention session.

All intervention sessions were audio recorded, and the
physical therapists noted the intervention session compo-
nents delivered on a checklist.

Figure 1. Flow of Participants Through the MOSAIC Randomized Trial of a Walking Exercise Behavior Change
Intervention in Adults With Peripheral Artery Disease

524 Adults aged ≥50 y with peripheral artery disease
from 6 vascular clinics approached for screening

384 Screened for eligibility

140 Excluded

9 Did not want to exercise
8 Did not want to travel
7 Did not have time
5 Had other primary health issues
3 Symptoms improved
2 Unable to contact
1 Enrolled in another trial

89 Reason not given
16 Did not want to participate

194 Excluded
178 Did not meet inclusion criteria

1 Had other primary health issues
1 Not aligned with a recruitment site
1 Did not want to exercise
1 Reason not given
1 Unable to contact

7 Declined participation
4 Did not have time

190 Randomizeda

74 Included in the primary analysis at 3 mo
84 Included in the 6-mo secondary outcome

analysis

95 Randomized to the walking behavior
change group

95 Received the intervention as randomized

95 Randomized to the usual care group
95 Received usual care as randomized

74 Included in the primary analysis at 3 mo
82 Included in the 6-mo secondary outcome

analysis

74 Completed 3-mo follow-up testing
21 Did not complete 3-mo follow-up testing

8 Provided a minimum data set only
7 Were unable to complete testing due

to COVID-19 restrictions
4 Withdrew
2 Did not attend follow-up visit

74 Completed 3-mo follow-up testing
21 Did not complete 3-mo follow-up testing

8 Provided a minimum data set only
8 Were unable to complete testing due

to COVID-19 restrictions
3 Lost to follow-up
2 Withdrew

84 Completed 6-mo follow-up testing
11 Did not complete 6-mo follow-up testing

7 Lost to follow-up
4 Withdrew

82 Completed 6-mo follow-up testing
13 Did not complete 6-mo follow-up testing

10 Lost to follow-up
3 Withdrew

MOSAIC indicates Motivating
Structured Walking Activity in People
With Intermittent Claudication.
a Randomization took place after

participants provided written
consent and completed baseline
testing.
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Sixteen physical therapists received 2 days of training, a
physical therapy manual, and intervention session check-
lists. The training team met with the physical therapists at least
every 3 months to provide feedback and advice to optimize fi-
delity of delivery.

Usual Care
Participants randomized to usual care received no study in-
tervention and received standard care provided by their vas-
cular specialists.

Measurement and Procedures
Medical History and Demographics
Self-reported information regarding medical history, racial or
ethnic group, other demographics, and current symptoms (San
Diego Claudication Questionnaire13) was obtained using ques-
tionnaires. Participants self-identified their racial or ethnic
group from fixed categories on a questionnaire. This informa-
tion was collected to assess the generalizability of the results.
Body mass index and ankle-brachial pressure index were mea-
sured by the outcome assessor.18

Primary Outcome
The primary outcome was 6-minute walk distance at 3-month
follow-up.19 Using a standardized protocol, participants walked
as far as possible around 2 cones placed 30.48 m apart in a hos-
pital corridor.20 The total distance (meters) walked after 6 min-
utes was recorded. The walk test was completed 2 times, at least
30minutesapart,andthehighest6-minutewalkingdistancewas
used for analysis. The minimum clinically important difference
in people with PAD ranged between 8 m (small minimal clinically
important difference) and 22 m (large minimal clinically impor-
tantdifference).21 Itwasnotpossibletorepeatthe6-minutewalk-
ing distance at 6 months due to funding constraints.

Secondary Outcomes
Secondary outcomes at 3- and 6-month follow-up were not
consistent between the protocol and the statistical analysis
plan (Item 6.2 in Supplement 2). Secondary outcomes (Item
5.3.3 in Supplement 2) consisted of the following: (1) per-
ceived walking ability, measured by the Walking Estimated
Limitation Calculated by History (WELCH; score range, 0 to
100 [100 indicates best]; no minimal clinically important dif-
ference defined)22; (2) the Self-Reported Maximum Walking
Distance questionnaire (range, a small number of meters to
greater than 500 [>500 indicates best]; no minimal clinically
important difference defined)23; (3) activities of daily living,
measured by the Nottingham Extended Activities of Daily
Living scale (score range, 0 to 66 [66 indicates best]; no mini-
mal clinically important difference defined)24; (4) health-
related quality of life assessed with the Vascular Quality of
Life Questionnaire-6 (score range, 6 to 24 [24 indicates best];
minimal clinically important difference score range between
1.7 and 2.2 points)25,26; (5) illness perceptions evaluated by
the Brief Illness Perception Questionnaire (score range, 0 to
80 [indicates negative perception of illness]; no minimal
clinically important difference defined)27; (6) walking treat-
ment beliefs (attitude, subjective norms, perceived behav-

ioral control, intentions) assessed by the Theory of Planned
Behavior Questionnaire (score range for each construct, 3 to
21 [21 indicates best]; no minimal clinically important differ-
ence defined)28; (7) self-regulatory processes estimated using
the action planning scale (score range, 4 to 16 [6 indicates
best]) and the action control scale (score range, 6 to 24 [24
indicates best]; no minimal clinically important difference
defined)17; and (8) physical activity estimated by the Brief
International Physical Activity Questionnaire (defined as
energy expenditure completed over the past 7 days [meta-
bolic equivalent of task minutes per week]; higher scores
indicate greater energy expenditure; no minimal clinically
important difference defined).14 However, the statistical
analysis plan did not prespecify the attitude, subjective
norm, perceived behavioral control, and intentions con-
structs of the Theory of Planned Behavior Questionnaire. At
3-month follow-up, responses and results for all secondary
outcome measures were collected.

Other Outcomes
Pain-free walking time and maximal walking capacity were mea-
sured during the 6-minute walk. Pain-free walking time was de-
fined as the time (seconds) that the participant first experi-
enced pain (no minimal clinically important difference was
defined). Maximal walking capacity was defined as the time (sec-
onds) that the participant stopped walking (no minimal clini-
cally important difference was defined). Pain-free walking time
and maximal walking capacity were measured during the 6-min-
ute walk test. Maximal walking capacity was censored at 6 min-
utes if the participant was still walking at the 6-minute time
point. At 3 and 6 months, exercise adherence was assessed by
the Exercise Adherence Rating Scale (score range, 0 to 24 [24
indicates best]; minimal clinically important difference, 5.5
points [see Supplement 1 and Item 5.3.4 in Supplement 2]).29,30

Adverse Events
Adverse events were collected by the outcome assessor at 3-
and 6-month follow-up as an exploratory outcome.

Fidelity of Intervention Delivery
Two trained assessors independently rated a 20% randomly
selected sample of audio-recorded intervention sessions to as-
sess the extent to which the mandatory components of each
session were delivered as intended. The assessors compared
their scores and agreed on a score for each intervention ses-
sion component. High treatment fidelity was achieved if at least
80% of mandatory components were fully or partially deliv-
ered in each session.

Randomly selected 20-minute segments of the sampled
intervention sessions were rated for motivational interview-
ing relational proficiency (3.5 on a 5-point scale indicates fair
interpersonal style) and technical proficiency (a score of 3 on
a 5-point scale indicates fair technique) using the Motiva-
tional Interviewing Treatment Integrity Scale.31

Specific aims to explore the participants’ experience of the
intervention, assess the feasibility of collecting data on re-
source use and estimate the minimal clinically important dif-
ference for 5 clinical measures are not reported here.
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Sample Size
When this study was designed, there was no established mini-
mal clinically important difference for corridor-based 6-minute
walking distance in people with PAD. Therefore, the power cal-
culation used the mean (SD) 6-minute walking distance at
6-month follow-up from a similar trial32 (control group’s dis-
tance, 342.2 m [110.8 m] vs the intervention group’s distance,
399.8 m [101.6 m]; between-group difference, 58 m [111 m]).
Based on this mean difference, statistical power of 90%, and
a 2-sided significance level of .05, the minimum sample size
necessary for the primary aim was 154 participants. Anticipat-
ing a drop-out rate of as much as 20% at 3-month follow-up,
the desired total sample size was 192 participants.

Statistical Analyses
Participants were analyzed according to their assigned ran-
domization group, even if they were nonadherent to their as-
signed intervention. Primary analyses were conducted using
complete case data. The baseline characteristics were sum-
marized using mean (SD) for continuous variables and fre-
quency for categorical variables. Median IQRs were calcu-
lated if data were not normally distributed. The primary
outcome was analyzed using multiple regression with the base-
line 6-minute walking distance and the center, as stratifica-
tion factor, included as covariates. Results for each outcome
were reported as the adjusted between-group difference in
mean 6-minute walking distance with 95% CI.

In prespecified analyses, the primary outcome was ana-
lyzed according to adherence to the protocol. The per-
protocol analyses consisted of participants who attended both
of the in-person sessions and at least 1 telephone session. Model
assumptions were checked using a normal quantile-quantile
plot to evaluate whether residuals followed a normal distri-
bution. When this assumption was not met, a generalized lin-
ear model with appropriate distribution family and link was
used. There was no prespecified plan to impute missing data.

Post Hoc Exploratory Analyses
Post hoc exploratory analyses were implemented by compari-
son of baseline characteristics in participants with and with-
out primary outcome data, use of a linear mixed model for the
primary outcome with center as a random effect, multiple im-
putation of the primary outcome using baseline data to pre-
dict missingness (eTable 1 in Supplement 3), and repeat pri-
mary analyses among participants with an ankle-brachial
pressure index of 0.90 or less at the baseline study visit.

All analyses were 2-sided, and statistical significance was de-
fined as a P value of less than .05. The statistical modeling used
R package version 4.0.3 and Stata statistical software version 16.

Because of the potential for type I error due to multiple
comparisons, findings for analyses of secondary end points
should be considered exploratory.

Trial Changes in Response to the COVID-19 Pandemic
Due to the COVID-19 pandemic, recruitment ceased on March
12, 2020, with 190 participants (less than the target number of
192 participants). It was also not possible to collect the 6-minute
walking distance on 15 participants at 3-month follow-up.

Results

Among 190 participants randomized (mean age 68 years, 30%
women, 79% White race), primary outcome data were com-
plete for 148 (78%) at 3-month follow-up. Loss to follow-up was
primarily due to the COVID-19 pandemic (Table 1, Figure 1). Self-
reported outcomes were completed for 161 participants (85%)
at 3-month follow-up. At 6-month follow-up, 166 of the 190
participants (87%) contributed data for 1 or more secondary
outcomes (Figure 1).

At baseline, 173 participants had an ankle-brachial pres-
sure index of 0.90 or less, and 17 participants had an ankle-
brachial pressure index of greater than 0.90.

Eighty-two of 95 participants (85%) attended at least 3 in-
tervention sessions, and 63 of 95 participants (66%) attended
all intervention sessions (eTable 2 in Supplement 3).

Primary Outcome
At 3-month follow-up, compared with usual care, the 6-minute
walking distance was significantly improved in the walking ex-
ercise behavior change group. The distance changed from
352.9 m at baseline to 380.6 m in the intervention group and
from 369.8 m at baseline to 372.1 m at 3 months in the usual
care group (adjusted between-group difference, 16.7 m
[95% CI, 4.2 m to 29.2 m]; P = .009) (Table 2, Figure 2).

In per-protocol analyses, the intervention group signifi-
cantly improved the 6-minute walk distance compared
with the usual care group (between-group difference, 19.2 m
[95% CI, 6.3 m to 32.1 m] P = .004) (eTable 3 in Supplement 3).

Secondary Outcomes
At 6-month follow-up, compared with usual care, the inter-
vention group had a significantly greater WELCH score
(between-group difference, 7.4 [95% CI, 2.5 to 12.3]; P = .003),
Brief Illness Perceptions Questionnaire score (between-
group difference, −6.6 [95% CI, −9.9 to −3.4]; P < .001), and
attitude score (between-group difference, 1.4 [95% CI, 0.3 to
2.5]; P = .02) (Table 2).

There were no significant between-group differences
in the Self-Reported Maximum Walking Distance question-
naire (104 m [95% CI, −56 m to 264 m]; P = .20), Nottingham
Extended Activities of Daily Living score (−1.4 [95% CI, −4.4
to 1.6], P = .37), Vascular Quality of Life Questionnaire-6
score (0.5 [95% CI, −0.5 to 1.5]; P = .33), subjective norms
score (0.3 [95% CI, −1.1 to 1.7]; P = .67), perceived behav-
ioral control score (−0.2 [95% CI, −1.4 to 1.0]; P = .78), inten-
tion score (−0.3 [95% CI, −0.5 to 0.9]; P = .64), action plan-
ning score (0.2 [95% CI, −0.1 to 0.5]; P = .16), action control
score (0.1 [95% CI, −0.1 to 0.4]; P = .36), or International
Physical Activity Questionnaire score (−2.0 [95% CI, −1034
to 1029]; P > .99) (Table 2).

Other Outcomes
At 3-month follow-up, compared with usual care, the interven-
tion group significantly improved the WELCH score (between-
group difference, 10.2 [95% CI, 5.7 to 14.7]; P < .001), the Self-
Reported Maximum Walking Distance score (between-group
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difference, 181.0 m [95% CI, 60 m to 302 m]; P = .003),
Nottingham Extended Activities of Daily Living score (between-
group difference, 2.8 [95% CI, 0.1 to 5.4]; P = .04), pain-free
walking time (between-group difference, 30.3 seconds [95% CI,
5.4 to 55.3]; P = .02), Brief Illness Perceptions Questionnaire
score (between-group difference, −5.8 [95% CI, −8.6 to −2.9];

Table 1. Baseline Characteristics of Participants With Peripheral Arterial
Disease Randomized to Walking Exercise Behavior Change Intervention
or Usual Care

No. (%)
Intervention
(n = 95)

Usual care
(n = 95)

Age, mean (SD), y 67.6 (8.7) 68.2 (9.0)

Men 66 (69) 67 (71)

Women 29 (31) 28 (29)

Racial or ethnic groupa

Asian or Asian British 2 (2.1) 0

Black, African, Caribbean,
or Black British

11 (12) 7 (7)

Mixed or multiple ethnic groups 4 (4.2) 0

White 72 (76) 78 (82)

Other ethnic groupb 5 (5.3) 6 (6.3)

Ankle-brachial pressure index,
mean (SD)c

0.63 (0.12) 0.63 (0.15)

Body mass index, mean (SD)d 26.7 (5.7) 26.9 (5.8)

Comorbiditiese

High blood pressure 56 (59) 60 (63)

Cardiovascular disease 46 (48) 39 (41)

Diabetes 34 (36) 30 (32)

History of cardiac arrest 19 (20) 15 (16)

History of cerebrovascular
accident

13 (14) 6 (6.3)

Kidney disease 11 (12) 6 (6.3)

Any other medical comorbidityf 9 (9.5) 9 (9.5)

Current or former smoker 82 (86) 85 (90)

History of lower extremity
revascularization

28 (30) 24 (25)

Medication

Antiplatelet 21 (22) 20 (21)

Statin 9 (9) 13 (14)

Vasodilator 1 (1) 1 (1)

San Diego Claudication
Questionnaireg

Exertional leg pain–stop
(classic or atypical claudication)

85 (89) 89 (94)

Exertional leg pain (classic
claudication)

42 (44) 57 (60)

Exertional leg pain–carry on
(atypical claudication)

8 (8.4) 2 (2.1)

Pain at rest 2 (2.1) 4 (4.2)

No exertional leg pain 0 0

6-min walk distance, mean (SD), mh 352.9 (87.1) 369.8 (77.8)

Walking Estimated Limitation
Calculated by History score,
median (IQR)i

16 (8-24) 20 (9-27)

Self-Reported Maximum Walking
Distance score, median (IQR), mj

100 (45-300) 150 (69-255)

Nottingham Extended Activities
of Daily Living score, median (IQR)k

60 (51-66) 60 (54-66)

Vascular Quality of Life
Questionnaire-6 score,
median (IQR)l

13 (11-15) 14 (11-16)

Brief Illness Perceptions
Questionnaire score, mean (SD)m

45.7 (11.5) 44.0 (10.1)

Attitude score, mean (SD)n 14.7 (3.1) 14.6 (3.4)

Subjective norms score, mean (SD)n 16.2 (4.9) 15.8 (4.6)

Perceived behavioral control score,
mean (SD)n

17.5 (3.7) 17.0 (3.8)

(continued)

Table 1. Baseline Characteristics of Participants With Peripheral Arterial
Disease Randomized to Walking Exercise Behavior Change Intervention
or Usual Care (continued)

No. (%)
Intervention
(n = 95)

Usual care
(n = 95)

Intention score, mean (SD)n 19.3 (2.8) 19.0 (2.6)

Action planning score, mean (SD)o 2.5 (1.2) 2.3 (1.1)

Action control score, mean (SD)o 2.4 (0.9) 2.4 (1.0)

International Physical Activity
Questionnaire, MET min/wk,
mean energy expenditure (SD)p

2846 (6359) 2615 (5903)

Abbreviation: MET min/wk, metabolic equivalent of task-minutes/week.
a As reported in the UK Census (https://www.ethnicity-facts-figures.service.gov.

uk/style-guide/ethnic-groups).
b Indicates any self-reported group not described using the provided categories.
c Calculated by dividing the mean of the dorsalis pedis and posterior tibial

pressures in each leg by the mean of all 4 brachial pressures.
d Calculated as weight in kilograms divided by height in meters squared.
e Indicates self-reported conditions from a predetermined list.
f Indicates self-reported conditions not on the predetermined list.
g Indicates participants’ evaluation of claudication pain based on location and

extent and combined with activity level associated with pain.13

h Indicates the maximum distance participants walked during the 6-minute walk
test (range, small No. of meters to >500 m20; minimal clinically important
distance, 8 m to 22 m).21

i Measures participants’ reported walking limitation at different speeds
compared with friends and relatives (ie, slower, same, or faster) on a 4-item
questionnaire (score range, 0 [able to walk �30 seconds at slow speed] to
100 [able to walk �3 hours at fast speed]).22 A minimal clinically important
difference has not been defined.

j Measures self-reported walking distance in response to the question “What is
the maximum distance (in meters) you can walk at your usual pace on a flat
surface before leg pain forces you to stop?” Ranges from a small number of
meters to more than 500 m (>500 indicates best).23 A minimal clinically
important difference has not been defined.

k Measures participants’ reported ease of completing activities of daily living
on a 22-item questionnaire24 (score range, 0 to 66 [66 indicates best]).
A minimal clinically important difference has not been defined.

l Measures participants’ reported health-related quality of life on a 6-item
questionnaire (score range, 6-24 [24 indicates best]25; minimal clinically
important difference range, 1.7-2.2 points).26

m Measures participants’ cognitive and emotional representations of their illness
on a 9-item questionnaire27 (score range, 0 [indicates best] to 80; a minimal
clinically important difference has not been defined).

n The Theory of Planned Behavior Questionnaire measures 4 constructs:
participants’ attitude, subjective normative beliefs, perceived behavioral
control beliefs, and intention to walk on 12-item questionnaire.28 Score range
for each construct, 3 to 21 (21 indicates best). A minimal clinically important
difference has not been defined.

o Measures participants’ ability to plan and self-regulate their walking behavior on
a 4-item (score range, 4-16) and 6-item scale (score range, 6-24).17 Higher scores
indicate best. A minimal clinically important difference has not been defined.

p Measures participants’ reported energy expenditure (MET min/wk) completed
over the past 7 days on a 7-item questionnaire. Higher scores indicate greater
energy expenditure.14 A minimal clinically important difference has not
been defined.
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P < .001), attitude score (between-group difference, 1.1 [95% CI,
0.2 to 2.0]; P = .02), subjective norms score (between-group
difference, 1.3 [95% CI, 0.1 to 2.6]; P = .03), intention score
(between-group difference, 0.9 [95% CI, 0.0 to 1.9]; P = .048),
action planning score (between-group difference, 0.5 [95% CI,
0.2 to 0.8]; P = .001), action control score (between-group dif-
ference, 0.7 [95% CI, 0.5 to 1.0]; P < .001), and Exercise Adher-
ence Rating Scale score (between-group difference, 2.0 [95% CI,
0.5 to 3.5]; P = .01) (Table 3).

At 3-month follow-up, compared with usual care, there was
no effect of the walking exercise behavior change interven-
tion on the maximal walking capacity (12.0 [95% CI, −16.9 to
40.8]; P = .42), Vascular Quality of Life Questionnaire-6 score
(0.6 [95% CI, −0.2 to 1.4]; P = .17), perceived behavioral con-
trol score (−0.3 [95% CI, −1.3 to 0.8]; P = .60), or International
Physical Activity Questionnaire score (532 [95% CI, −855 to
1919]; P = .45) (Table 3).

At 6-month follow-up, compared with usual care, there was
no significant effect of the intervention on the Exercise Ad-
herence Rating Scale score (1.2 [95% CI, −0.7 to 3.1]; P = .21)
(Table 3).

Post Hoc Exploratory Analyses
Compared with participants who did not complete the
6-minute walk test at 3-month follow-up, those who com-
pleted the test at 3 months had significantly greater baseline
6-minute walking distance (mean [SD], 369.5 m [77.5 m] vs
332.8 m [94.7 m]; P = .01) (eTable 4 in Supplement 3). Results
for the primary outcome (16.7 m [95% CI, 4.2 m to 29.2 m];
P = .009) did not meaningfully change when the analyses
were repeated using a mixed model with center modeled as a
random effect (16.3 m [95% CI, 3.9 m to 28.6 m]; P = .01) or
when analyses were repeated using multiple imputation
(18.9 m [5.5 m to 32.3 m]; P = .006) (eTable 1 in Supple-
ment 3). Results did not meaningfully change when analyses
were limited to those with a baseline study visit ankle-
brachial pressure index of 0.90 or less (15.9 [95% CI, 2.6 to
29.2]; P = .02).

Fidelity of Intervention Delivery
Fifteen physical therapists delivered the walking exercise be-
havior change intervention. Sixty-two (21%) randomly se-
lected intervention sessions were rated. Overall, 79% of ses-
sions were delivered with fidelity. High fidelity was achieved
in the 2 in-person sessions (session 1, 100%; session 2, 88%),
but fidelity was lower in the telephone sessions (session 3, 67%;
session 4, 54%). Fair technical motivational interviewing pro-
ficiency was achieved in all sessions (3.2-3.9 on a scale of 5)
and fair relational motivational interviewing proficiency in both
in-person sessions (3.5 on a scale of 5 for both sessions), but
the telephone sessions did not attain at least fair relational mo-
tivational interviewing proficiency (session 1 [3.1 on a scale
of 5]; session 2 [3.2 on a scale of 5]; eTable 5 in Supplement 3).

Adverse Events
There were 37 adverse events (25 in the intervention group;
12 in the usual care group). Twenty-one nonserious adverse
events were reported by 19 participants (12 in the interven-

tion group; 9 in the usual care group) (eTable 6 in Supple-
ment 3). Falls were the most common nonserious adverse

Figure 2. Baseline, 3-Month Follow-up, and Change in 6-Minute Walk
Distance at 3 Months Among Adults With Peripheral Artery Disease
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A, Each vertical line represents an individual participant, with participants
ordered by baseline value and the vertical line extending up (improvement) or
down (deterioration) to the 3-month value.

B, Vertical lines extending up denote the degree of improvement in 6-minute
walk distance at 3-month follow-up. Vertical lines extending down denote the
degree of decline in 6-minute walk distance.

C, Each point represents an individual participant. The vertical distance
between the 2 regression lines represents the estimated difference between
the groups from the analysis of covariance between baseline and 3 months.
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event (3 in the intervention group; 3 in the usual care group;
eTable 7 in Supplement 3). None of the nonserious adverse
events were judged to be related to the study. Sixteen serious
adverse events, due to hospitalization, were reported by
15 participants (13 in the intervention group; 3 in the usual
care group) (eTable 8 in Supplement 3). All serious adverse
events were judged to be either unrelated or unlikely to be
related to the study by the trial steering/data monitoring and
ethics committee.

Discussion
In this trial of 190 participants with PAD and symptoms of in-
termittent claudication, a walking exercise behavior change in-
tervention delivered by physical therapists significantly im-
proved mean 6-minute walk distance, compared with usual
care, at 3-month follow-up. Out of 8 secondary outcomes, 3
improved significantly more at 6-month follow-up in the in-
tervention group: self-reported walking capacity measured by
the WELCH score, illness perceptions measured by the Brief
Illness Perceptions Questionnaire, and walking treatment be-
liefs (attitude score) measured by the Theory of Planned Be-
havior Questionnaire, compared with usual care.

Results of prior randomized clinical trials of home-based
exercise therapy for people with PAD have been mixed, with
multiple prior clinical trials showing benefits of home-based
exercise for PAD32-35 but at least 2 showing no effect of a home-
based exercise intervention for PAD.36,37

The difference in 6-minute walking distance following this
intervention was greater than a small minimal clinically im-
portant difference for people with PAD but did not meet the
threshold for a large minimal clinically important difference
in people with PAD.21 Three factors may have contributed to
the success of the intervention in the current trial. First, it was
designed to address theory-based, psychological factors that
influenced walking exercise behavior in people with PAD.8,9,11

Previous work reported that positive walking beliefs, defined
by the Theory of Planned Behavior, are positively associated
with motivation to walk.8,38 An individual’s accurate under-
standing of their illness and perceptions about the causes and
ability to control PAD were previously associated with greater
motivation and with better 6-minute walking distance.8 Sec-
ond, the intervention included evidence-based, behavior
change principles that may have helped participants trans-
late intention to walk for exercise into actual behavior.10,17,39

Third, the intervention was tailored to each participant’s knowl-
edge, skills, and environment.

Compared with prior effective home-based walking exer-
cise interventions for PAD that improved the 6-minute walk
distance by 45 m to 53 m when compared with the control
group,32,34,35 the effect size for the current intervention was
smaller (ie, 16.7 m). A possible reason for the smaller effect size
could be because social restrictions during the COVID-19 pan-
demic hindered participants’ planned walking. However, most
participants completed the primary outcome prior to the start
of the pandemic. Alternatively, the smaller effect size may have
been because the participants did not walk at sufficient inten-

sity to produce large improvements in 6-minute walking
distance35 or because there was an insufficient number of in-
tervention sessions to support large intervention effects. How-
ever, a prior highly effective 12-week home-based exercise in-
tervention had a similar number of intervention sessions.34

Further study is needed to determine whether, for the cur-
rent intervention, more sessions would have had a more po-
tent effect.

Another potential explanation for the lower potency of the
current intervention, compared with prior home-based exer-
cise interventions in PAD,32,34,35 may be the relatively low fi-
delity of delivery and motivational interviewing proficiency
in the telephone sessions of the current trial. Higher levels
of treatment fidelity are associated with better treatment
outcomes.40 There are several possible explanations for this.
First, at the start of this trial, it was not typical for physical
therapy to be delivered remotely. Lack of familiarity with re-
mote interventions may have affected the therapists’ confi-
dence and ability to deliver the mandatory components.

Second, the telephone consultations, which lasted for a
mean duration of 20 minutes, may have been too brief to de-
liver the mandatory components. However, another highly ef-
fective home-based exercise intervention for PAD used inter-
vention telephone calls that were shorter than 20 minutes.35

Third, during the trial, some therapists may have drifted
from the motivational interviewing approach. However, regu-
lar meetings with the training team should have mitigated this.

Fourth, low participant recruitment at some sites may have
compromised therapist proficiency and effectiveness, due to
less experience delivering the intervention over time.

Fifth, therapist training may have been suboptimal.
Training may not have differentiated between mandatory
and optional components sufficiently or the therapists may
not have understood the importance of delivering the man-
datory components at every intervention session. Further
study is needed to determine whether better interventionist
training, monitoring, and feedback could improve the
potency of the intervention.

Despite the positive effect of the intervention on 6-minute
walking distance, most secondary outcomes did not improve
at 6 months compared with usual care. Improving quality of
life is a key clinical and health priority. The lack of change in
quality of life at 6-month follow-up may be because only 2 of
the items in the VacsuQol-6 assessed physical health, and im-
provement in mental health may lag behind improvements in
physical function. Alternatively, people may underestimate
changes in quality of life following exercise programs be-
cause improvements are slower and less noticeable than with
other interventions (such as revascularization), and other co-
morbidities can also affect quality of life.

Limitations
This study has several limitations. First, it was not possible to
collect the primary outcome on all participants, which con-
tributed to a large loss to follow-up for the 6-minute walking
distance (22%). Post hoc power calculations showed this had
negligible effect on power (88% vs 90% planned). Second, par-
ticipants without 6-minute walking distance at follow-up had
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a lower baseline 6-minute walking distance than those with
the primary outcome. The post hoc multiple imputation mod-
els for the 6-minute walking distance showed a greater mag-
nitude of improvement between the intervention and the con-
trol groups in analyses that included multiple imputation.
Third, most participants were White men, which limits the gen-
eralizability of these results. Fourth, the 3-month follow-up
period is relatively short. The durability of the intervention is
unknown. Fifth, the comparator to the intervention was not
an attention control group. Sixth, relatively low fidelity of de-
livery in the telephone intervention sessions may have lim-

ited the intervention effect. Seventh, no actual walking activ-
ity data were collected.

Conclusions
Among adults with PAD and intermittent claudication, a
home-based, walking exercise behavior change intervention,
compared with usual care, improved walking distance at 3
months. Further research is needed to determine the durabil-
ity of these findings.
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