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ABSTRACT  5 

Aims: The study aimed to synthesize evidence of daily physical activity (PA) following Behavior-change 6 
technique (BCT)-based interventions compared to any control in individuals with peripheral arterial 7 
disease/intermittent claudication (PAD/IC); and examine the relationship between BCTs and daily PA. 8 

Methods: Systematic search of 11 databases from inception to 30/11/2022 was conducted, plus weekly 9 
email alerts of new literature until 31/8/2023. Studies comparing BCT-based interventions with any 10 
control were included. Primary analysis involved a pairwise random-effects meta-analysis. Risk of bias 11 
was assessed using the Cochrane-RoB-2 and ROBINS-I tools. Certainty of evidence was evaluated with 12 
the GRADE system. The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 13 
guideline was followed. Outcome measures were short-term (<6 months) change in daily PA, and 14 
maintenance of the daily PA (6 months or longer) reported as standardized mean differences (SMDs) 15 
with 95% confidence intervals (95%CIs). 16 

Results: Forty-one studies (4,339 patients; 26 RCTs/3,357 patients; 15 non-RCTs/982 patients; study mean 17 
age 60.3 to 73.8, 29.5% female) were included. Eleven RCTs (15 comparisons, 952 participants) suggested 18 
that BCT-based interventions increased daily PA in the short term compared to non-SET [increase of 0.20 19 
SMD (95%CI: 0.07 to 0.33), ~473 steps/day] with high certainty. Evidence of maintenance of daily PA (≥6 20 
months) is unclear [increase of 0.12 SMD (95%CI: -0.04 to 0.29); ~288 steps/day; 6RCTs, 8 comparisons, 21 
899 participants], with moderate certainty. For daily PA, compared to SET it was inconclusive both for < 22 
6months change [-0.13 SMD, 95%CI: -0.43 to 0.16); 3RCTs, 269 participants; low certainty] and ≥6months 23 
[-0.04 SMD, 95%CI: -0.55 to 0.47); 1 RCT, 89 participants; very low certainty]. It was unclear whether the 24 
number of BCTs or any BCT domain were independently related to an increase in PA.   25 

Conclusion: BCT-based interventions improve short-term daily PA in people with PAD/IC compared to 26 
non-SET controls. Evidence for maintenance of the improved PA at 6 months or longer and comparison 27 
with SET is uncertain. BCT-based interventions are effective choices for enhancing daily PA in PAD/IC. 28 

Abstract word count: 324 29 

 30 

Lay summary: This study evaluated the effect of behavior-change interventions on daily physical activity 31 
(PA) in people with intermittent claudication. 32 

• In individuals with intermittent claudication, behavior-change interventions improve short -term 33 
physical activity compared to controls, but additional research is needed to ascertain their 34 
sustained benefits at 6-months or longer, as well as their benefit compared to SET. 35 

• Behavior-change technique (BCT) based interventions may support patients to engage in daily 36 
physical activity. 37 
 38 
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Keywords: Peripheral arterial disease, Intermittent claudication, Behaviour change techniques, 1 
Behaviour change interventions, physical activity 2 

 3 

Introduction 4 

International guidelines recommend supervised exercise therapy (SET) as the primary treatment for 5 
intermittent claudication (IC) due to clinical and cost-effectiveness and lower rates of adverse events.1 6 
Availability of SET programs is limited by funding, staffing, and facilities,2 whilst time, travel, pain-7 
induced exercise intolerance, multimorbidity, low motivation, and limited disease understanding 8 
contribute to low enrolment and adherence.3–5  9 

Optimum physical activity (PA) improves IC symptoms, cardiovascular risk factors, overall health, and 10 
quality of life.6 Physical inactivity independently predicts disease outcomes and all-cause mortality in IC.7 11 
Individuals with PAD8 and those with IC symptoms9,10 are less physically active than peers without the 12 
disease. Increasing PA is crucial as engaging even in light-intensity PA is linked to 50% reduction in the 13 
risk of all-cause and cardiovascular mortality in patients with IC.11 14 

Changing PA behavior is challenging.12 Behavior change techniques are distinct, observable, and 15 
reproducible elements within interventions that aim to steer behavior.13 Interventions utilising BCTs 16 
have been effective in promoting daily PA in various populations,14,15 but their specific effectiveness in IC 17 
remains unclear. This paper aimed to report on the meta-analysis of the effectiveness of BCT-based 18 
interventions in enhancing and sustaining daily PA in people with IC, and the association between BCTs 19 
and daily PA.  20 

Methods 21 

The OPTIMA project was conceptualised and conducted with a Patient and Public Involvement and 22 
Engagement panel, including patients with IC, and prospectively registered on PROSPERO 23 
(CRD42020159869).16 This paper reports on the primary outcome measure from the quantitative review. 24 
The secondary outcomes are reported in a companion paper. Our report follows PRISMA reporting 25 
guidelines.17 26 

Information sources and search 27 
Medline (OVID); Embase (OVID); CINAHL (EBSCO); Web of Science core collection (Clarivate); Psycinfo 28 
(OVID); NHS Economic Evaluation Database; Social Science Citation Index (Clarivate); Database of 29 
Abstracts of Reviews of Effects; CENTRAL (The Cochrane Library); PEDRO; Health Technology Assessment 30 
Database and trial registries (ClinicalTrials.gov and ICTRP (WHO)) were searched from inception to 31 
30/11/2022. Additionally, we manually searched reference lists of included studies, and received weekly 32 
alerts about new literature until 31/8/2023. The search used a combination of controlled and free text 33 
vocabulary, using term sets for condition, (e.g. intermittent claudication), behavior-change interventions 34 
(e.g., home-based exercise), and outcomes (e.g. physical activity) (Supplementary material online, Table 35 
S1).  No restrictions were used for language, publication year or publication status.  36 

Study Selection and Data Extraction 37 

Reports of interventions that contained at least one BCT according to the BCT taxonomy v1,13 in adults 38 
(≥18 years) with IC, any study design with a BCT intervention, with or without a comparator arm were 39 
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included. Two researchers (from UA, DS, EA, TG, CG, JD, CO) independently screened titles and abstracts, 1 
then full texts with disagreements discussed by a third reviewer. Authors were contacted (twice) when 2 
there was insufficient information. We extracted authors, year of publication, participants and 3 
intervention characteristics, and outcome data. Two trained reviewers (from LB, DS, TG, JM, SA) 4 
independently extracted BCTs, with discrepancies discussed by a third reviewer.  The 93 BCTs were rated 5 
as present (clear evidence of inclusion) or absent, in both the intervention and comparison groups. If the 6 
same BCT was present in both intervention and comparison groups, the BCT was excluded from the total.18 7 

Outcomes 8 

This paper reports on daily PA, the primary outcome of the quantitative OPTIMA review. Measures (self-9 
report or device-based) were included if they covered sufficient time (e.g. usual week), included a range 10 
of types and/or intensity of PA, and reported a suitable outcome (e.g. volume) to adequately report 11 
daily PA (screening tool in Supplementary material online, Table S2). Where PA was reported using more 12 
than one method, daily steps (the most common measure) were used. Data were synthesized at the 13 
following time points: less than 6-months: earliest change outcomes assessed within 6 months from 14 
baseline, and 6-months or longer: latest change outcomes assessed at 6 months or longer from baseline.  15 

Risk of Bias Assessment 16 

Two reviewers (from UA, EA, SR, LB) independently assessed the risk of bias in included studies and 17 
evaluated the overall review quality of evidence, using the Risk-of-Bias 2 (RoB 2) tool19 for RCTs, and the 18 
Risk of Bias in Non-Randomized Studies-of Interventions (ROBINS-I)20 for non-RCTs. The Grading of 19 
Recommendations, Assessment, Development, and Evaluations (GRADE) method was applied to 20 
evaluate the certainty of evidence, considering bias, inconsistency, indirectness, imprecision, and 21 
publication bias21(See table S12 - Supplementary material online). Differences were resolved through 22 
discussion and consensus. 23 

Statistical analysis 24 

RCTs with a measure of daily PA were combined in meta-analyses of pairwise comparisons using Stata 25 
v14 (College Station, TX). Pooled effect sizes with 95% confidence intervals were estimated using 26 
random-effects meta-analysis. Change from baseline and associated standard deviation (SD) was used in 27 
all analyses, where not reported we calculated using baseline and follow-up values and an imputed 28 
within-arm correlation of 0.5.22 The rationale for using change scores is because an analysis based on 29 
changes from baseline is stated to be more effective as compared to using post-intervention values, as it 30 
removes an aspect of between-person variability from the analysis.22 Standardized mean differences 31 
(SMD) were used to combine multiple measures used for the same outcome (e.g. total steps and PA 32 
duration).     33 

Our primary analyses included robust evidence from RCTs comparing BCT-based interventions with any 34 
control.  A control could be ‘treatment as usual’, attention control or an alternative intervention 35 
(without any BCTs or using fewer BCTs). We also separately analyzed studies that compared a BCT-based 36 
intervention to SET. When comparing BCT vs control, three-arm studies with two BCT interventions were 37 
included as two separate comparisons to a single control, halving the control group to avoid double 38 
counting. Data from some 3-arm studies were used twice: in analyses of BCT vs control and BCT vs 39 
supervised exercise.  Data from non-RCTs were pooled separately. 40 
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Heterogeneity was assessed by visually inspecting forest plots and using the I², and Tau² statistics. 22 We 1 
conducted sensitivity analyses for the primary outcome to assess robustness, including:  2 

• Fixed effects meta-analysis.  3 
• Imputing a within-person correlation of 0.8.  4 
• Excluding studies with estimated SDs.  5 
• Removing one arm from 3-arm studies.  6 
• Excluding supervised BCT interventions.  7 
• Excluding studies at high risk of bias. 8 
• Excluding studies using self-reported measures. 9 
• Using only studies that reported ‘steps/day’. 10 

SMD-analysed data was converted back to steps/day (most common format) by multiplying the SMD 11 
with the median control group change-from-baseline. Network meta-analysis (NMA)23 was used to 12 
compare types of BCT interventions, including post-hoc grouping by mode of delivery.   13 

We used random-effects meta-regression to explore the relationship between individual BCTs, BCT 14 
domains, and effect size for daily PA. We analysed each BCT and BCT domain separately, comparing 15 
studies using BCTs within the domain to those that didn't. We couldn't combine multiple domains due to 16 
limited data. We conducted meta-regression to explore how the number of BCTs exclusive to 17 
intervention relates to the effect size. For each BCT appearing in ≥five interventions, meta-regression 18 
was conducted comparing the effect size in trials of an intervention that contained the BCT with those 19 
that didn’t. 20 

Results 21 
Our search identified 6279 records, we screened 155 articles for full‐text, and 41 studies (53 records) 22 
were included (Figure 1), 26 RCTs (3357 participants) and 15 non-RCTs (982 participants). An overview of 23 
included studies are in Table 1.  Excluded records and the reason for their exclusion are documented in 24 
Supplementary material online, Table S3. 25 

Description of the population 26 
There were 4,339 participants in included studies (range 11 to 882, 29.5% female, mean age 68.7 [mean 27 
age range 60.3 to73.8] years). Study populations ranged from newly diagnosed individuals to those with 28 
longstanding disease and previous surgical interventions. When reported (29 studies did not), 29 
participants were predominantly white in 7 studies,24–30 predominantly black or African American in 4 30 
studies,31–34 and a mix of white, black, and Hispanic in 1 study.33 31 

Description of the Interventions 32 

Interventions in the included studies encompassed structured and home-based walking programs, 33 
resistance training, activity monitoring, psychological interventions, group exercise sessions, and 34 
communication with healthcare providers. Interventions often included goal setting, motivational 35 
techniques, and offered exercise-related education for PAD.  36 

Fifteen  studies included initial face-to-face structured walking/exercise sessions followed by telephone 37 
or mobile health follow-up for feedback, reinforcement, support, or monitoring.24,25,27,28,30,31,33,35–42 Eight 38 
studies included an education component within a structured walking intervention without telephone or 39 
mobile health follow-up.34,43–49 Seven studies used home-based structured walking programs without 40 
education or follow-up.26,50–55 Six studies incorporated supervised exercise alongside education, 41 
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community-based walking, lifestyle coaching, and feedback.29,56–60 Two studies employed a mobile 1 
health intervention with goal and progress review during follow-up visits.42,61 Two studies used 2 
individual motivational interviews,62,63 with 1 additionally following up via smartphone.62 One study 3 
combined health coaching and walking training.64  4 

Eleven studies did not have a comparator arm34,36,47–49,53,53,55,56,59,64 and six were 3-arm trials with two 5 
active arms.26,32,37,40,50,54 Comparator groups were  described as: usual care (10 6 
studies)27,30,35,38,41,44,45,50,58,61, supervised exercise (6 studies)28,39,42,43,51,52, walking advice (4 7 
studies)29,40,54,60, attention control (3 studies)24–26,37, health education (3 studies)31,32,63, and ‘no 8 
intervention’ (1 study).62 Additional active controls were used in 5 of the studies that reported 3 arms, 9 
including supervised exercise in 4 studies 26,40,50,54 and high-intensity walking in 1 study.32 10 

The duration of intervention sessions ranged from 30 minutes to 3 hours (not reported in 9 11 
studies27,34,36,37,42,44,51,53,64). Intervention frequency was mostly 3 times/wk25–29,31,32,34–37,39–42,45–12 
52,54,55,57,59,60,64 but three studies had one-off sessions followed by telephone calls every two weeks.33,38,63 13 
Three interventions lasted between 1-2 months,36,38,56 the rest were 3 months or greater. The follow up 14 
period was less than 6 months in 12 studies,24,26,33,36,37,44,50,53,55,57,61,62 between 6 and 9 months in 6 15 
studies,25,28,30,41,43,59 12 months in 11 studies,31,32,40,42,45–47,49,52,58,60 and 2 years in 1 study.65 Eleven studies 16 
did not report any follow up beyond the period of intervention. 27,29,34,38,39,48,51,54,56,63,64 17 

BCTs in included studies 18 

Forty-six unique BCTs were identified across the 41 studies, implementing 47 unique interventions 19 
(Supplementary material online, Table S4). The mean (SD) number of BCTs coded per intervention was 20 
7.60 (3.80),  ranging from 228 to 17.28, 49 The most frequently occurring BCT was Goal setting (behavior), 21 
which was coded in 36 (78%) interventions. Other commonly used BCTs were ‘Instruction on how to 22 
perform a behavior’ (63%), ‘Behavioral practice/rehearsal’ (52%), ‘Feedback on behavior’ (52%), ‘Social 23 
support(unspecified)’ (50%), ‘Self-Monitoring of behavior’ (48%), ‘Review behavior goals(s)’ (43%), 24 
‘Problem solving’ (35%) and 'Information about health consequences’ (35%).  Overall, 31 (67%) BCTs 25 
were used in fewer than five interventions. 26 

 27 

Risk of bias in included studies 28 

Risk of bias judgment for each the 26 RCTs and overall certainty are summarised in Table 2. Overall risk of 29 
bias was deemed low in 11 trials26,29–32,35,38,40,40,41,50,65–71 (42%; 18 records), having some concerns in 10 30 
trials25,33,42,44,45,54,58,60,61,63,72–75 (39%; 14 records), and high in 5 trials27,28,37,39,62 (19%; 5 records). Risk of bias 31 
arising from the randomization process was deemed low in 20 trials25,26,29–33,35,38,40–42,50,54,58,60,61,63,65–77 32 
(77%; 31 records). Bias due to missing outcome data was deemed low in 18 trials24–38, 40–42, 44–47, 49–51, 56, 72, 33 
77 (69%; 28 records). Risk of bias because of deviation from the intended interventions was low in 16 34 
trials24–26,29,30,30–32,35,38,40,41,45,50,54,58,60,65,67–70,72,73,75–77 (62%; 27 records). Fifteen trials were assessed low risk 35 
in terms of bias due to measurement of the outcome 24–27,29,30,30,31,35,38,40,41,50,54,61,65,67–70,74,76,77(58%; 23 36 
records), and bias arising from selection of the reported outcomes 24,26,30–32,35,38,41,41,42,50,58,60,61,65,67–37 
75,77(58%; 25 records). The items that contributed most to the assessment of high risk of bias for the RCTs 38 
were deviations from intended interventions and missing outcome data.  Overall, we judged thirteen of 39 
the 15 non-RCT studies to have serious concern regarding risk of bias, and 2 to have moderate risk of bias 40 
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(Supplementary material online, Table S5). Bias due to confounding factors contributed most to 1 
assessment of serious risk of bias. 2 

               3 
Meta-analysis 4 

Physical activity volume 5 

BCT-based interventions vs Controls  6 

Evidence from 11 trials (15 comparisons, 952 patients) suggested that at <6months BCT-based 7 
interventions increase the volume of daily PA (Figure 2), with little evidence of heterogeneity (SMD, 8 
0.20; 95%CI: 0.07-0.33; I2=0%; Tau2=0.00; high-certainty evidence). This improvement corresponded to 9 
an increase of 473 steps/day (95%CI: 165 steps/day to 780 steps/day) . This result was similar after 10 
conducting sensitivity analyses (Supplementary material online, Table S6) and there was no evidence of 11 
publication bias. Considering that some studies used subjective self-report measures of PA as opposed 12 
to objective device-based measures, a sensitivity analysis was conducted excluding such studies, 13 
however, the results were similar (Supplementary material online, Table S6). Combined data from three 14 
non-randomised studies (3 comparisons, 69 participants) suggested that BCT interventions increase 15 
daily PA by 786 steps/day (95%CI 198 steps/day to 1373 steps/day) which is consistent with the 16 
evidence from the RCTs (Supplementary material online, Figure S1). Evidence from 6 trials (8 17 
comparisons, 899 patients; moderate-certainty evidence) leaves it unclear whether BCT-based 18 
interventions increase daily PA ≥6 months, with low heterogeneity (SMD, 0.12; 95%CI: -0.04-0.29; 19 
I2=26.1%, Tau-squared=0.01). This corresponds to an increase of 288 steps/day (95%CI: -102 steps/day 20 
to 676 steps/day) (Figure 2).  21 

BCT-based interventions vs SET  22 

Low quality evidence from 3 trials (3 comparisons, 269 participants; low-certainty evidence) left it 23 
unclear whether BCT-based interventions increased daily PA in the short-term compared to SET (Figure 24 
2), with little evidence of heterogeneity (SMD, 0.13; 95%CI: -0.43-0.16; I2=0%, Tau-squared=0.00). Very 25 
low certainty evidence from one trial (1 comparison, 89 participants) left it unclear whether BCT-based 26 
interventions increase daily PA ≥6 months (SMD, -0.04 SMD; 95%CI: -0.55 to 0.47) compared to SET.  27 

Exploratory network meta-analysis comparing interventions by mode of delivery both <6months and 28 
≥6months left it unclear whether any intervention modality was better than any other (Supplementary 29 
material online, Table S7). Pairwise comparisons combining both direct and indirect evidence produced 30 
wide confidence intervals that did not rule out ‘no difference’. Ranking and SUCRA estimates 23 31 
suggested that supervised exercise was likely to offer the most benefit in terms of PA <6months, and 32 
that other BCT interventions or BCT interventions with technology were likely to offer the most benefit 33 
≥6 months (Supplementary material online, Table S8).  34 

Association between BCTs and intervention effects 35 

Meta-regression on the outcome of daily PA did not suggest a relationship between the number of BCTs 36 
and the magnitude of the effect size either <6 months (effect -0.01: 95%CI -0.04 to 0.02) or ≥6 months 37 
(effect 0.00: 95%CI -0.04 to 0.04) (Supplementary material online, Table S9). After comparing 38 
interventions that did and did not use individual BCT domains, it was unclear whether any domain was 39 
independently related to increased PA (Supplementary material online, Table S10). For each commonly 40 
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occurring BCT, we saw no evidence to suggest that interventions containing that BCT were associated 1 
with a larger effect size than interventions that did not (Supplementary material online, Table S11).  2 

Discussion 3 
The primary finding was that BCT-based interventions lead to a significant increase in daily PA 4 
(approximately 473 steps/day) for individuals with IC at <6 months, outperforming non-supervised 5 
exercise controls. The impact becomes less definitive at ≥ 6 months, resulting in a modest increase in 6 
daily PA (approximately 288 steps/day), with much uncertainty due to participant attrition, fewer trials 7 
and increased heterogeneity. When compared to SET, the effects of BCT-based interventions on daily PA 8 
are uncertain. Pairwise meta-analysis found no statistically significant difference, but exploratory 9 
network meta-analysis showed that SET was most effective <6months, while BCT-based interventions 10 
were most effective ≥6 months.  11 

The increase of 473 steps/day found in this review represents 13% of the average daily steps (3586) of 12 
typical adults with IC.78 Guidelines recommend 150 minutes per week (22 minutes/day) of moderate-to-13 
vigorous aerobic PA.79 In public health messaging this is often simplified as 3000 steps in 30 minutes.80 14 
At that rate, the 473 steps observed in our review would represent an additional 4.7 min of walking, 15 
approximately 20% of the PA daily guidelines.  Many of the comparator arms in the included studies had 16 
active BCTs and also increased PA, meaning that the true effect of the BCT-based interventions may 17 
have been underestimated.  International PA guidelines also recommend that any increase of PA among 18 
previously inactive individuals can improve overall health.81,82 Individuals with IC face unique barriers to 19 
PA,3,4 with low PA compared to peers,9,10 and therefore any increase in daily PA represents an important 20 
health behavior-change with the potential to positively impact their clinical outcomes.7,11,83–85  Indeed, 21 
members of our Patients and Public Involvement (PPI) group (CG, JD) believed that 400 steps/day was a 22 
meaningful improvement.  23 

Investigating the maintenance of behavior changes over time, especially in the absence of intervention 24 
contact, is essential to understand whether positive changes can be maintained. There was a small 25 
increase in daily PA of BCT-based intervention over the non-SET sustained at ≥6 months, but the margins 26 
of the confidence intervals were wide and we could neither confirm nor rule out benefit. However, this 27 
small increase may be important given that IC is a progressive long-term condition, and the natural 28 
course of the disease would expect patients to reduce PA over time. The success in sustaining the gained 29 
PA benefit beyond 6 months needs further investigation. 30 

Our meta-analysis did not confirm or rule out a superior outcome for daily PA for BCT-based 31 
interventions compared to SET, but our exploratory network meta-analysis suggested that BCT-based 32 
interventions were more beneficial than SET for daily PA beyond 6 months . Current guidelines 33 
recommend SET as the first line treatment in people with IC.1 However, given that IC is a long-term 34 
condition and patients need to maintain long-term optimal PA to continue to derive positive disease 35 
outcomes, BCT-based interventions may represent a promising alternative for long-term maintenance of 36 
PA.  However, further research would be needed to establish the evidence base.  37 

The BCTs linked to improved daily PA can vary across different populations. For example, BCTs ‘goal 38 
setting’ and ‘feedback’ for cancer survivors86, and 'action planning', 'graded tasks,' and 'unspecified 39 
social support’ in hospitalized patients were associated with interventions that increased PA. 87 This 40 
review did not identify any specific connections between individual BCTs or BCT domains and daily PA 41 
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for people with IC. This does not conclusively rule out the existence of an association, but it highlights 1 
the challenge in establishing one due to the consistent use of a limited set of BCTs and BCT domains in 2 
the relatively small number of studies included. Further exploration in this area is warranted.   3 

Limitations 4 
Data were combined from different BCT-based interventions and comparisons. Including studies from 5 
single and multicomponent interventions delivered across different settings via different modes 6 
potentially increases clinical heterogeneity, which could limit the chances of drawing accurate 7 
inferences from the findings. Despite that the analysis showed little evidence of heterogeneity when 8 
estimated with the I2 test, sensitivity analyses including a fixed effect meta-analysis were conducted to 9 
ensure robustness. The sensitivity analyses showed similar results, however, it is important for future 10 
research to include a broader set of BCTs in the intervention and ensure that the control groups are 11 
devoid of BCTs to help for more homogeneity across studies. The BCTs in the included studies were 12 
identified through coding of various indicative sentences by trained reviewers, as most of the studies did 13 
not specifically name the BCTs they used. Future research should use a comprehensive classification 14 
system such as the BCT ontology in describing and reporting of the BCTs implemented in interventions 15 
to facilitate identification and coding of the BCTs and subsequently linking intervention effectiveness to 16 
the specific BCTs used.  It is important to approach the exploratory network meta-analysis results with 17 
caution due to the limited direct evidence, affecting the reliability of the inferred summary effect, and 18 
the imprecision that impacts the overall quality of evidence in the comparisons.  19 

Conclusions 20 
There is high-quality evidence that BCT-based interventions compared to controls improve daily PA, in 21 
the short term. Evidence for the maintenance of this benefit beyond 6 months or the benefit of BCT-22 
based interventions compared with SET is unclear and necessitates further primary research. Our 23 
findings support BCT-based intervention for improving daily PA in people with IC. Clinicians could 24 
consider recommending BCT-based interventions to patients with IC as a strategy towards improving the 25 
PA uptake in the population group.  26 

Acknowledgements 27 
We wish to acknowledge the contribution of Dr Elizabeth Ortom who as a member of the project 28 
Advisory Group provided initial advice on the planning and conduct and dissemination of this project. 29 
We also thank Chidinma Ofudum for helping with screening of the included studies.  30 

Funding 31 
This project is funded by the NIHR Researcher-led call Evidence Synthesis programme [HTA Funding 32 
Committee Clinical Evaluation and Trials (NIHR130664)]. The views expressed are those of the author(s) 33 
and not necessarily those of the NIHR or the Department of Health and Social Care." 34 
 35 

Conflict of interest 36 
None declared. 37 

Authors contributions 38 
U.O.A. P.D., C.S., T.G., J.D., C.G., J.M., C.F., D.A.S. contributed to the conception and design of the 39 
systematic review and meta-analysis. U.O.A., L.B., E.M.A., S.R., P.D., C.S., T.G., J.M., J.D., S.A., C.F., D.A.S. 40 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



10 

were involved in the acquisition and analysis of the data. U.O.A., S.R., P.D., C.S., T.G., J.M., J.D., S.A., C.F., 1 
L.B., J.B., K.F., S.R. were involved in the interpretation of the results. U.O.A. drafted this manuscript. All 2 
authors provided critical revisions of the protocol and approved the submission of the final manuscript.  3 

Data availability  4 
There is no data linked to this manuscript. 5 

References 6 

 1. Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC Guideline on the Management of 7 
Patients With Lower Extremity Peripheral Artery Disease: A Report of the American College of 8 
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation. 9 
2017;135(12):e726-e779. doi:10.1161/CIR.0000000000000471 10 

2. Harwood A, Smith G, Broadbent E, Cayton T, Carradice D, Chetter I. Access to supervised exercise 11 
services for peripheral vascular disease patients. Bulletin. 2017;99(6):207-211. 12 
doi:10.1308/rcsbull.2017.207 13 

3. Abaraogu UO, Ezenwankwo EF, Dall PM, Seenan CA. Living a burdensome and demanding life: A 14 
qualitative systematic review of the patients experiences of peripheral arterial disease. PLoS One. 15 
2018;13(11):e0207456. doi:10.1371/journal.pone.0207456 16 

4. Abaraogu U, Ezenwankwo E, Dall P, et al. Barriers and enablers to walking in individuals with 17 
intermittent claudication: A systematic review to conceptualize a relevant and patient-centered 18 
program. PLoS One. 2018;13(7):e0201095. doi:10.1371/journal.pone.0201095 19 

5. Abaraogu UO, Abaraogu OD, Dall PM, et al. Exercise therapy in routine management of peripheral 20 
arterial disease and intermittent claudication: a scoping review. Ther Adv Cardiovasc Dis. 21 
2020;14:1753944720924270. doi:10.1177/1753944720924270 22 

6. Schiattarella GG, Perrino C, Magliulo F, et al. Physical activity in the prevention of peripheral artery 23 
disease in the elderly. Front Physiol. 2014;5:12. doi:10.3389/fphys.2014.00012 24 

7. Gardner AW, Montgomery PS, Parker DE. Physical activity is a predictor of all-cause mortality in 25 
patients with intermittent claudication. J Vasc Surg. 2008;47(1):117-122. 26 
doi:10.1016/j.jvs.2007.09.033 27 

8. Heikkilä K, Coughlin PA, Pentti J, Kivimäki M, Halonen JI. Physical activity and peripheral artery 28 
disease: Two prospective cohort studies and a systematic review. Atherosclerosis. 2019;286:114-29 
120. doi:10.1016/j.atherosclerosis.2019.05.008 30 

9. Sieminski DJ, Gardner AW. The relationship between free-living daily physical activity and the 31 
severity of peripheral arterial occlusive disease. Vasc Med. 1997;2(4):286-291. 32 
doi:10.1177/1358863X9700200402 33 

10. Shiba S, Shiba A, Hatada A. Differences in Physical Activity between Patients with Peripheral Artery 34 
Disease and Healthy Subjects. J Aging Res. 2020;2020:5093528. doi:10.1155/2020/5093528 35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



11 

11. Gardner AW, Addison O, Katzel LI, et al. Association between Physical Activity and Mortality in 1 
Patients with Claudication. Med Sci Sports Exerc. 2021;53(4):732-739. 2 
doi:10.1249/MSS.0000000000002526 3 

12. Davidson KW, Goldstein M, Kaplan RM, et al. Evidence-based behavioral medicine: what is it and 4 
how do we achieve it? Ann Behav Med. 2003;26(3):161-171. doi:10.1207/S15324796ABM2603_01 5 

13. Michie S, Richardson M, Johnston M, et al. The behavior change technique taxonomy (v1) of 93 6 
hierarchically clustered techniques: building an international consensus for the reporting of 7 
behavior change interventions. Ann Behav Med. 2013;46(1):81-95. doi:10.1007/s12160-013-9486-6 8 

14. M W, J D, S F, C G, C G, A R. Effectiveness of behaviour change techniques in physiotherapy 9 
interventions to promote physical activity adherence in lower limb osteoarthritis patients: A 10 
systematic review. PloS one. 2019;14(7). doi:10.1371/journal.pone.0219482 11 

15. Eisele A, Schagg D, Krämer LV, Bengel J, Göhner W. Behaviour change techniques applied in 12 
interventions to enhance physical activity adherence in patients with chronic musculoskeletal 13 
conditions: A systematic review and meta-analysis. Patient Educ Couns. 2019;102(1):25-36. 14 
doi:10.1016/j.pec.2018.09.018 15 

16. Abaraogu UO, Seenan C, Dall P, et al. Systematic review and integrated report on the quantitative 16 
and qualitative evidence base for behaviour change interventions to promote physical activity in 17 
people with intermittent claudication (OPTIMA Project). Published online November 16, 2023. 18 
Accessed November 16, 2023. https://osf.io/traf8 19 

17. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for 20 
reporting systematic reviews. BMJ. 2021;372:n71. doi:10.1136/bmj.n71 21 

18. Peters GJY, de Bruin M, Crutzen R. Everything should be as simple as possible, but no simpler: 22 
towards a protocol for accumulating evidence regarding the active content of health behaviour 23 
change interventions. Health Psychol Rev. 2015;9(1):1-14. doi:10.1080/17437199.2013.848409 24 

19. Higgins J, Savović J, Page M, Elbers R, Sterne J. Chapter 8: Assessing risk of bias in a randomized trial. 25 
In: Ochrane Handbook for Systematic Reviews of Interventions (Updated February 2022) . Vol version 26 
6.3. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). ; 2022. 27 
from www.training.cochrane.org/handbook. 28 

20. Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised 29 
studies of interventions. BMJ. 2016;355:i4919. doi:10.1136/bmj.i4919 30 

21. Granholm A, Alhazzani W, Møller MH. Use of the GRADE approach in systematic reviews and 31 
guidelines. British Journal of Anaesthesia. 2019;123(5):554-559. doi:10.1016/j.bja.2019.08.015 32 

22. Deeks JJ, Higgins JP, Altman DG. Analysing data and undertaking meta-analyses. In: Cochrane 33 
Handbook for Systematic Reviews of Interventions. version 6.4. Cochrane; 2023. Accessed October 34 
27, 2023. http://www.training.cochrane.org/handbook 35 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



12 

23. Salanti G, Nikolakopoulou A, Efthimiou O, Mavridis D, Egger M, White IR. Introducing the Treatment 1 
Hierarchy Question in Network Meta-Analysis. Am J Epidemiol. 2021;191(5):930-938. 2 
doi:10.1093/aje/kwab278 3 

24. Galea MNH, Weinman JA, Bearne LM. A randomized controlled feasibility trial of a home -based 4 
walking behavior–change intervention for people with intermittent claudication. Journal of Vascular 5 
Nursing. 2019;37(2):135-143. doi:10.1016/j.jvn.2018.11.001 6 

25. Collins TC, Lunos S, Carlson T, et al. Effects of a Home-Based Walking Intervention on Mobility and 7 
Quality of Life in People With Diabetes and Peripheral Arterial Disease. Diabetes Care. 8 
2011;34(10):2174-2179. doi:10.2337/dc10-2399 9 

26. Gardner AW, Parker DE, Montgomery PS, Blevins SM. Step-monitored home exercise improves 10 
ambulation, vascular function, and inflammation in symptomatic patients with peripheral artery 11 
disease: a randomized controlled trial. J Am Heart Assoc. 2014;3(5):e001107. 12 
doi:10.1161/JAHA.114.001107 13 

27. Duscha BD, Piner LW, Patel MP, et al. Effects of a 12-Week mHealth Program on FunctionalCapacity 14 
and Physical Activity in Patients With PeripheralArtery Disease. Am J Cardiol. 2018;122(5):879-884. 15 
doi:10.1016/j.amjcard.2018.05.018 16 

28. Savage P, Ricci MA, Lynn M, et al. Effects of home versus supervised exercise for patients with 17 
intermittent claudication. Journal of Cardiopulmonary Rehabilitation. 2001;21(3):152-157. 18 

29. Mays RJ, Hiatt WR, Casserly IP, et al. Community-based walking exercise for peripheral artery 19 
disease: An exploratory pilot study. Vasc Med. 2015;20(4):339-347. 20 
doi:10.1177/1358863X15572725 21 

30. Bearne LM, Volkmer B, Peacock J, et al. Effect of a Home-Based, Walking Exercise Behavior Change 22 
Intervention vs Usual Care on Walking in Adults With Peripheral Artery Disease: The MOSAIC 23 
Randomized Clinical Trial. JAMA. 2022;327(14):1344-1355. doi:10.1001/jama.2022.3391 24 

31. McDermott MM, Liu K, Guralnik JM, et al. Home-based walking exercise intervention in peripheral 25 
artery disease: a randomized clinical trial. JAMA. 2013;310(1):57-65. doi:10.1001/jama.2013.7231 26 

32. McDermott MM, Spring B, Tian L, et al. Effect of Low-Intensity vs High-Intensity Home-Based 27 
Walking Exercise on Walk Distance in Patients With Peripheral Artery Disease: The LITE Randomized 28 
Clinical Trial. JAMA. 2021;325(13):1266-1276. doi:10.1001/jama.2021.2536 29 

33. Collins TC, Krueger PN, Kroll TL, Sharf BF. Face-to-Face Interaction Compared with Video Watching 30 
on Use of Physical Activity in Peripheral Arterial Disease: A Pilot Trial. Angiology. 2009;60(1):21-30. 31 
doi:10.1177/0003319708318382 32 

34. Endicott KM, Hynes CF, Amdur R, Macsata R. A modified activity protocol for claudication. J 33 
Cardiovasc Surg (Torino). 2019;60(3):382-387. doi:10.23736/S0021-9509.18.10021-8 34 

35. Cunningham MA, Swanson V, O’Carroll RE, Holdsworth RJ. Randomized clinical trial of a brief 35 
psychological intervention to increase walking in patients with intermittent claudication. Br J Surg. 36 
2012;99(1):49-56. doi:10.1002/bjs.7714 37 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



13 

36. Cornelis N, Buys R, Dewit T, et al. Satisfaction and Acceptability of Telemonitored Home -Based 1 
Exercise in Patients With Intermittent Claudication: Pragmatic Observational Pilot Study. JMIR 2 
Rehabil Assist Technol. 2021;8(1):e18739. doi:10.2196/18739 3 

37. Fukaya E, Welden S, Bukari A, Khan Z, Leeper N, Mohler E. Incentivizing physical activity through 4 
activity monitoring interventions in PAD - a pilot study. Vasa. 2021;50(2):145-150. 5 
doi:10.1024/0301-1526/a000924 6 

38. Tew GA, Humphreys L, Crank H, et al. The development and pilot randomised controlled trial of a 7 
group education programme for promoting walking in people with intermittent claudication. Vasc 8 
Med. 2015;20(4):348-357. doi:10.1177/1358863X15577857 9 

39. Regensteiner JG, Meyer TJ, Krupski WC, Cranford LS, Hiatt WR. Hospital vs home -based exercise 10 
rehabilitation for patients with peripheral arterial occlusive disease. Angiology. 1997;48(4):291-300. 11 
doi:10.1177/000331979704800402 12 

40. Sandberg A, Back M, Cider A, et al. Effectiveness of supervised exercise, home -based exercise or 13 
walk advice strategies on walking performance and muscle endurance in patients with intermittent 14 
claudication (SUNFIT trial)-a randomized clinical trial. European journal of cardiovascular nursing. 15 
2022;02. doi:10.1093/eurjcn/zvac070 16 

41. McDermott MM, Spring B, Berger JS, et al. Effect of a Home-Based Exercise Intervention of 17 
Wearable Technology and Telephone Coaching on Walking Performance in Peripheral Artery 18 
Disease: The HONOR Randomized Clinical Trial. JAMA. 2018;319(16):1665-1676. 19 
doi:10.1001/jama.2018.3275 20 

42. Normahani P, Kwasnicki R, Bicknell C, et al. Wearable Sensor Technology Efficacy in Peripheral 21 
Vascular Disease (wSTEP): A Randomized Controlled Trial. Ann Surg. 2018;268(6):1113-1118. 22 
doi:10.1097/SLA.0000000000002300 23 

43. Jonason T, Ringqvist I, Oman-Rydberg A. Home-training of patients with intermittent claudication. 24 
Scand J Rehabil Med. 1981;13(4):137-141. 25 

44. Pochstein F, Wegner M. Vorsatzbildung und volitionale Unterstützung bei Gefäßpatienten: Effekte 26 
einer psychologischen Intervention auf das Ausmaß der körperlichen Aktivität. Zeitschrift für 27 
Gesundheitspsychologie. 2010;18(2):79-87. doi:10.1026/0943-8149/a000012 28 

45. Fowler B, Jamrozik K, Norman P, Allen Y, Wilkinson E. Improving maximum walking distance in early 29 
peripheral arterial disease: Randomised controlled trial. Australian Journal of Physiotherapy. 30 
2002;48(4):269-275. doi:10.1016/S0004-9514(14)60166-5 31 

46. Prévost A, Lafitte M, Pucheu Y, Couffinhal T, on behalf the CEPTA educational team. Education and 32 
home based training for intermittent claudication: functional effects and quality of life. Eur J Prev 33 
Cardiol. 2015;22(3):373-379. doi:10.1177/2047487313512217 34 

47. Racodon M, Debaveye E, Dernoncourt R, Pretorean T. Suivi de patients atteints d’artériopathie 35 
oblitérante des membres inférieurs, à distance d’une rééducation  : évaluation d’un programme 36 
d’éducation thérapeutique. JMV-Journal de Médecine Vasculaire. 2018;43(6):354-360. 37 
doi:10.1016/j.jdmv.2018.08.003 38 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



14 

48. Mouser MJ, Zlabek JA, Ford CL, Mathiason MA. Community trial of home-based exercise therapy for 1 
intermittent claudication. Vasc Med. 2009;14(2):103-107. doi:10.1177/1358863X08098596 2 

49. Aalami OO, Lin J, Savage D, Ho V, Bertges D, Corriere M. Use of an app-based exercise therapy 3 
program including cognitive-behavioral techniques for the management of intermittent 4 
claudication. J Vasc Surg. 2022;76(6):1651-1656.e1. doi:10.1016/j.jvs.2022.06.087 5 

50. Gardner AW, Parker DE, Montgomery PS, Scott KJ, Blevins SM. Efficacy of quantified home -based 6 
exercise and supervised exercise in patients with intermittent claudication: a randomized controlled 7 
trial. Circulation. 2011;123(5):491-498. doi:10.1161/CIRCULATIONAHA.110.963066 8 

51. Leslie R, May S, Scordis C, Isgar V, Poulton P, Garnham A. Outcomes following supervised exercise 9 
and home-based exercise for patients with intermittent claudication. Journal of Vascular Nursing. 10 
2022;40(4):157-161. doi:10.1016/j.jvn.2022.09.006 11 

52. Fakhry F, Spronk S, de Ridder M, den Hoed PT, Hunink MGM. Long-Term Effects of Structured 12 
Home-Based Exercise Program on Functional Capacity and Quality of Life in Patients With 13 
Intermittent Claudication. Archives of Physical Medicine and Rehabilitation. 2011;92(7):1066-1073. 14 
doi:10.1016/j.apmr.2011.02.007 15 

53. Spronk S, Dolman W, Boelhouwer RU, Veen HF, den Hoed PT. The vascular nurse in practice: Results 16 
of prescribed exercise training in patients with intermittent claudication. J Vasc Nurs. 17 
2003;21(4):141-144. doi:10.1016/s1062-0303(03)00080-3 18 

54. Sandercock GRH, Hodges LD, Das SK, Brodie DA. The Impact of Short Term Supervised and Home -19 
Based Walking Programmes on Heart Rate Variability in Patients with Peripheral Arterial Disease. J 20 
Sports Sci Med. 2007;6(4):471-476. 21 

55. Roberts AJ, Roberts EB, Sykes K, De Cossart L, Edwards P, Cotterrell D. Physiological and functional 22 
impact of an unsupervised but supported exercise programme for claudicants. Eur J Vasc Endovasc 23 
Surg. 2008;36(3):319-324. doi:10.1016/j.ejvs.2008.04.008 24 

56. Matthews S, Fox M, Coy S, et al. Saving more lives and limbs: applying a cardiac rehabilitation model 25 
of structured exercise to symptomatic peripheral arterial disease. British Journal of Cardiac Nursing. 26 
2021;16(4):1-8. doi:10.12968/bjca.2020.0086 27 

57. OTSUKA S, MORISAWA T, HOJO Y, ISHIDA A, TAMAKI A. Effect of Home-based Exercise Therapy for 28 
Peripheral Arterial Disease Patients Underwent Endovascular Treatment: A Clinical Controlled 29 
Design. Phys Ther Res. 2021;24(2):120-127. doi:10.1298/ptr.E10056 30 

58. Siercke M, Jørgensen LP, Missel M, et al. Cardiovascular Rehabilitation Increases Walking Distance in 31 
Patients With Intermittent Claudication. Results of the CIPIC Rehab Study: A Randomised Controlled 32 
Trial. Eur J Vasc Endovasc Surg. 2021;62(5):768-776. doi:10.1016/j.ejvs.2021.04.004 33 

59. Jacobsen A, Houlind KC, Rai A. Life-style counseling program and supervised exercise improves 34 
walking distance and quality of life in patients with intermittent claudication. Physiotherapy Theory 35 
and Practice. 2022;38(13):2629-2639. doi:10.1080/09593985.2021.1970866 36 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



15 

60. Nicolaï SPA, Teijink JAW, Prins MH. Multicenter randomized clinical trial of supervised exercise 1 
therapy with or without feedback versus walking advice for intermittent claudication. Journal of 2 
Vascular Surgery. 2010;52(2):348-355. doi:10.1016/j.jvs.2010.02.022 3 

61. Paldán K, Steinmetz M, Simanovski J, et al. Supervised Exercise Therapy Using Mobile Health 4 
Technology in Patients With Peripheral Arterial Disease: Pilot Randomized Controlled Trial. JMIR 5 
Mhealth Uhealth. 2021;9(8):e24214. doi:10.2196/24214 6 

62. Quirk F, Dickinson C, Baune B, Leicht A, Golledge J. Pilot trial of motivational interviewing in patients 7 
with peripheral artery disease. Int Angiol. 2012;31(5):468-473. 8 

63. de Müllenheim PY, Abraham P, Noury-Desvaux B. Use of a Wearable Activity Monitor in a Home-9 
Based Exercise Intervention for Peripheral Artery Disease. JAMA. 2018;320(12):1285. 10 
doi:10.1001/jama.2018.10771 11 

64. Wullink M, Stoffers HE, Kuipers H. A primary care walking exercise program for patients with 12 
intermittent claudication. Med Sci Sports Exerc. 2001;33(10):1629-1634. doi:10.1097/00005768-13 
200110000-00003 14 

65. Cunningham MA, Swanson V, Holdsworth RJ, O’Carroll RE. Late effects of a brief psychological 15 
intervention in patients with intermittent claudication in a randomized clinical trial. British Journal 16 
of Surgery. 2013;100(6):756-760. doi:10.1002/bjs.9100 17 

66. Holmes MNG, Weinman JA, Peacock J, et al. A brief physiotherapist-led behaviour-change 18 
intervention to facilitate walking in older people with peripheral arterial disease: development of a 19 
protocol for a randomized controlled trial...40th Anniversary and Winter Meeting. Society of 20 
Research in Rehabilitation (SRR). February 6, 2018. Bristol, England. Clinical Rehabilitation. 21 
2018;32(10):1406-1406. doi:10.1177/0269215518784346 22 

67. McDermott MM, Domanchuk K, Liu K, et al. The Group Oriented Arterial Leg Study (GOALS) to 23 
improve walking performance in patients with peripheral arterial disease. Contemporary Clinical 24 
Trials. 2012;33(6):1311-1320. doi:10.1016/j.cct.2012.08.001 25 

68. McDermott MM, Guralnik JM, Criqui MH, et al. Home‐Based Walking Exercise in Peripheral Artery 26 
Disease: 12‐Month Follow‐up of the Goals Randomized Trial. JAHA. 2014;3(3):e000711. 27 
doi:10.1161/JAHA.113.000711 28 

69. McDermott MM, Guralnik JM, Criqui MH, et al. Unsupervised Exercise and Mobility Loss in 29 
Peripheral Artery Disease: A Randomized Controlled Trial. JAHA. 2015;4(5):e001659. 30 
doi:10.1161/JAHA.114.001659 31 

70. Rejeski WJ, Spring B, Domanchuk K, et al. A group-mediated, home-based physical activity 32 
intervention for patients with peripheral artery disease: effects on social and psychological function. 33 
J Transl Med. 2014;12:29. doi:10.1186/1479-5876-12-29 34 

71. Bearne L, Galea Holmes M, Bieles J, et al. Motivating Structured walking Activity in people with 35 
Intermittent Claudication (MOSAIC): protocol for a randomised controlled trial of a physiotherapist-36 
led, behavioural change intervention versus usual care in adults with intermittent claudication. BMJ 37 
Open. 2019;9(8):e030002. doi:10.1136/bmjopen-2019-030002 38 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



16 

72. Nicolaï SPA, Hendriks EJM, Prins MH, Teijink JAW, EXITPAD study group. Optimizing supervised 1 
exercise therapy for patients with intermittent claudication. J Vasc Surg. 2010;52(5):1226-1233. 2 
doi:10.1016/j.jvs.2010.06.106 3 

73. Gommans LNM, Scheltinga MRM, Sambeek MRHM van, Maas AHEM, Bendermacher BLW, Teijink 4 
JAW. Gender differences following supervised exercise therapy in patients with intermittent 5 
claudication. Journal of Vascular Surgery. 2015;62(3):681-688. doi:10.1016/j.jvs.2015.03.076 6 

74. Paldán K, Simanovski J, Ullrich G, et al. Feasibility and Clinical Relevance of a Mobile Intervention 7 
Using TrackPAD to Support Supervised Exercise Therapy in Patients With Peripheral Arterial Disease: 8 
Study Protocol for a Randomized Controlled Pilot Trial. JMIR Res Protoc. 2019;8(6):e13651. 9 
doi:10.2196/13651 10 

75. Siercke M, Jørgensen LP, Missel M, et al. Cross-sectoral rehabilitation intervention for patients with 11 
intermittent claudication versus usual care for patients in non-operative management - the CIPIC 12 
Rehab Study: study protocol for a randomised controlled trial. Trials. 2020;21(1):105. 13 
doi:10.1186/s13063-019-4032-x 14 

76. Ulfsdottir H, Bäck M, Cider Å, et al. Cost-Effectiveness of Exercise Therapy in Patients with 15 
Intermittent Claudication-A Comparison of Supervised Exercise, Home-Based Structured Exercise, 16 
and Walk Advice from the SUNFIT Trial. J Clin Med. 2023;12(16):5277. doi:10.3390/jcm12165277 17 

77. Hammond MM, Spring B, Rejeski WJ, et al. Effects of Walking Exercise at a Pace With Versus 18 
Without Ischemic Leg Symptoms on Functional Performance Measures in People With Lower 19 
Extremity Peripheral Artery Disease: The LITE Randomized Clinical Trial. J Am Heart Assoc. 20 
2022;11(15):e025063. doi:10.1161/JAHA.121.025063 21 

78. Hernandez H, Myers SA, Schieber M, et al. Quantification of Daily Physical Activity and Sedentary 22 
Behavior of Claudicating Patients. Ann Vasc Surg. 2019;55:112-121. doi:10.1016/j.avsg.2018.06.017 23 

79. Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization 2020 guidelines on physical activity 24 
and sedentary behaviour. Br J Sports Med. 2020;54(24):1451-1462. doi:10.1136/bjsports-2020-25 
102955 26 

80. Marshall SJ, Levy SS, Tudor-Locke CE, et al. Translating Physical Activity Recommendations into a 27 
Pedometer-Based Step Goal: 3000 Steps in 30 Minutes. American Journal of Preventive Medicine. 28 
2009;36(5):410-415. doi:10.1016/j.amepre.2009.01.021 29 

81. Jefferis BJ, Parsons TJ, Sartini C, et al. Objectively measured physical activity, sedentary behaviour 30 
and all-cause mortality in older men: does volume of activity matter more than pattern of 31 
accumulation? Br J Sports Med. 2019;53(16):1013-1020. doi:10.1136/bjsports-2017-098733 32 

82. Kelly P, Kahlmeier S, Götschi T, et al. Systematic review and meta-analysis of reduction in all-cause 33 
mortality from walking and cycling and shape of dose response relationship. Int J Behav Nutr Phys 34 
Act. 2014;11:132. doi:10.1186/s12966-014-0132-x 35 

83. Garg PK, Liu K, Tian L, et al. Physical Activity During Daily Life and Functional Decline in Peripheral 36 
Arterial Disease. Circulation. 2009;119(2):251-260. doi:10.1161/CIRCULATIONAHA.108.791491 37 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



17 

84. Garg PK, Tian L, Criqui MH, et al. Physical activity during daily life and mortality in patients with 1 
peripheral arterial disease. Circulation. 2006;114(3):242-248. 2 
doi:10.1161/CIRCULATIONAHA.105.605246 3 

85. McDermott MM, Greenland P, Tian L, et al. Association of 6-Minute Walk Performance and Physical 4 
Activity With Incident Ischemic Heart Disease Events and Stroke in Peripheral Artery Disease. J Am 5 
Heart Assoc. 2015;4(7):e001846. doi:10.1161/JAHA.115.001846 6 

86. Grimmett C, Corbett T, Brunet J, et al. Systematic review and meta-analysis of maintenance of 7 
physical activity behaviour change in cancer survivors. International Journal of Behavioral Nutrition 8 
and Physical Activity. 2019;16(1):37. doi:10.1186/s12966-019-0787-4 9 

87. Taylor NF, Harding KE, Dennett AM, et al. Behaviour change interventions to increase physical 10 
activity in hospitalised patients: a systematic review, meta-analysis and meta-regression. Age 11 
Ageing. 2021;51(1):afab154. doi:10.1093/ageing/afab154 12 

88. Collins T, Geana M, Overton K, et al. Use of a Smartphone App Versus Motivational Interviewing to 13 
Increase Walking Distance and Weight Loss in Overweight/Obese Adults With Peripheral Artery 14 
Disease: Pilot Randomized Trial. JMIR Formative Research. 2022;6(2):e30295. doi:10.2196/30295 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



18 

Table 1: Characteristics of the Included Studies 1 

Source 
and 
Design 

Sample / 
Age 
(years) 

Interventio
n 

Contr
ol 

Duration 
(weeks) 

Outcomes reported 

       Physical 
Activity  

Quality of Life  Others 

 n Mea

n 
(SD) 

  Interve

ntion  

Foll

ow-
up 

Beha

vior 

Capa

city 

Gen

eric 

He

alt
h 

P

A
D 

 

Holmes et 

al, 201824 

RCT  

2
4 

66.8 
(9.4) 

Motivation
al 
interventio

n + 
structured 
walking 

Attent
ion  

12 16 Steps
/day  

6MW  X   BASIC 

Collins et 

al, 201125 

RCT 

1
4

5 

66.5 
(10.1

) 

Walking 
program+ 

Telephone 
support 

Attent
ion  

24 24  ACD, 
ICD, 

WIQ 

X  X  Depres
sion 

Cunningha
m et al, 

201235,65 

RCT 

5
8 

65.3 
(8.5) 

Patient 
education + 

motivationa
l 
interviewin
g 

Usual 
care  

16 104 Steps
/day  

ICD X X X  Disease 
progres

sion 

GOALS 

Trial31,67–70 

RCT 

1

9
4 

69.3 

(9.5)
*  

Walking 

program 

Health 

educat
ion  

24 52 Activi

ty 
units  

ACD, 

ICD, 
6MW
, WIQ 

 X   Self-

efficacy 

LITE 

Trial32,77 
RCT 

3
0

5 

69.3 
(9.5) 

1. Low 
intensity  

walking 
program 
2. High 
intensity 

walking 
program 

Health 
educat

ion  

52 52 Activi
ty 

score 
 

ACD, 
6MW

, WIQ 

 X    

TrackPAD 

study61,74 

RCT  

3
9 

64.6 
(9.8) 

Mobile 

phone 

interventio

n + 

Structured 

exercise  

Usual 
care  

12 12  6MW  X  X   

Collins et 

al, 200933 

RCT 

5
1 

67.4 
(8.9) 

Communica
tion 

interventio
n  

Educat
ion 

video 

12 12  WIQ     

Fowler et 

al, 200245 

RCT 

8
8
2 

73.1 Education + 
Walking 
Advice + 

Usual 
care  

8 52 Self-
repor
t PA 

ACD  X    
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Structured 
exercise 

Fukaya et 

al, 202137 

RCT 

4
1 

66.1 
(9.4) 

Walking 
program + 
Feedback + 

Behavioral 
monitoring 
+ 

Motivation
al updates 

Attent
ion  

12 12 Steps
/day  

6MW
, WIQ 

 X    

Gardner et 

al, 201426 

RCT 

1
8
0 

65.7 Walking 
program 

Attent
ion  

12 12 Strid
es/da
y, 

Total 
activi
ty 
time  

ACD, 
ICD, 
6MW

, WIQ 

 X   Peak 
VO2 

Mays et 
al, 201529 
RCT 

3
9 

67.6 
(11.8
) 

Communit
y based 
walking 
exercise 
structured 
training, 
monitorin
g, and 
coaching 
(TMC) 

Usual 
care 

14   ACD, 
ICD, 
WIQ 

 X   Physic
al 
fitness
, Peak 
VO2 

HONOR 
Trial41 
RCT 

2
0
0 

70.2 
(10.4
) 

Walking 

program + 

wearable 

activity 

monitor 

+Telephon

e coaching 

Usual 
care  

36 36 Activ
ity 
outc
ome, 
Dista
nce 
walk
ed, 
Exer
cise 
freq
uenc
y  

6M
W, 
WIQ 

 X    

Quirk et al, 

201262 

RCT 

1

9 

73.2 

(8.0) 

Motivation

al 

interviewin

g 

Usual 

care 

12 12 MET 

mins
/wee
k 

  X  X   

CIPIC 
Rehab 
Study58,75 

RCT 

1

1
8 

70.3 

(7.2) 

Walking 

program + 
Health 
education + 

Text 
messages 

Usual 

care  
 

12 12  ACD, 

ICD  

  X  Anxiety

, 
Depres
sion, 
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Tew et al, 

201538 

RCT 

2
3 

71 (8) Education + 
Follow-up 
telephone 
support 

Usual 
care  
 

6  Steps
/day 

ACD, 
ICD, 
6MW
, WIQ 

 X  X   

Gardner 
et al, 
201150 

RCT 

1

1
9 

65 

(11) 

Walking 

program 

Usual 

care  
 

12 12 Total 

strid
es/da
y, 

Total 
Activi
ty 
time/

day  

WIQ  X   BASIC, 

Peak 
VO2 

Duscha et 
al, 201827 

RCT  

1
9 

69.4 
(8.4) 

Walking 

program 

Usual 
care  
 

12  Steps

/day, 

Dista

nce/

week

, 

Dista

nce/

day, 

Total 

activ

e 

min/

day  

ACD, 
ICD 

   Peak 
VO2 

MOSAIC 

Trial30,71 

RCT 

1
9

0 

68 Walking 

program + 

Telephone 

support 

Usual 
care  

 

12 24 MET 
min/

week 

ACD, 
6MW  

  X  WELCH 
score, 

NEADL, 
BIPQ 
score 

Pochstein & 

Wegner 
201044 

9
0 

65.48 
(7.07

) 

Strengtheni

ng of 

volitional 

competenc

e 

Usual 
care 

 

6 12  ACD, 
ICD, 

WIQ 

 X    

EXITPAD 
Study60,72,7

3 

RCT 

3

0

4 

66.2 1. SET  + 

Feedback  

 

2. SET alone 

Verbal 
walkin
g 

advice 

52 52  ACD   X  ABPI, 
BMI, 
Heart 

rate, 
Systolic 
BP, 
Diastoli

c BP 

Sandercoc
k 200754 
RCT 

4
4 

65 Walking 
program + 
Telephone 
support 

Walki
ng 
advice 

12   ACD    Pain 
intensit
y, Peak 
VO2, 

Heart 
rate 
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Spronk 
200353 
Non-RCT 

1
0
4 

68 Walking 
program 

NA 16 16  Corri
dor/
Outd
oor 

test 

   BIPQ 
score 

Normahan
i 201842 
RCT 

3
7 

69.1 
(10.4
) 

Walking 

program + 

Routine SEP 

SEP 12 52  ACD, 
ICD 

  X   

Regenstei
ner39 1997 

RCT 

2
0 

64 (7) Walking 
program + 

Patient 
Education 

SEP 12   ACD, 
ICD 

WIQ 

 X   ABPI, 
Peak 

VO2, 
Heart 
rate 

Savage 
200128 

RCT 

2
1 

66.3 
(8.8) 

Walking 
program 

SEP 
 

24 24  ACD, 
ICD 

 X   ABPI, 
Peak 

VO2 

SUNFIT 
Trial 
RCT40,76 

1
6
6 

72 1.Home-
based 
structured 
exercise 
 
2.Supervis
ed 
exercise  

Walki
ng 
advice 

52 52 Activ

e 

steps

/day 

6MW
, WIQ 

 X  X  ABPI, 
Disease 
progres
sion, 

Cardiov
ascular 
events 

Collins 
202288 
RCT 

2
9 

66.0 
(8.12
) 

Motivation

al 

interviewi

ng + 

Telephone 

support 

Educat
ion 
and 
walkin

g plan 
via 
app 

12   6MW   X  BMI, 
Systolic 
BP, 
Diastoli

c BP 

Cornelis 
202136 

Non-RCT 

2
0 

64.6 
(10.6

) 

Walking 
program + 

resistance 
training 

NA 4 12 Steps
/day 

ACD, 
ICD, 

WIQ 

 X  X  Physica
l 

fitness, 
Self-
efficacy 

Endicott 
201834 

Non-RCT 

4
9 

67.4 
(7.8) 

Education + 
Ongoing 

counselling 

NA 24  Steps
/day 

     

Prevost 
201546 
Non-RCT 

4
8 

60.3 
(8) 

Educational 

workshop + 

Walking 

program 

NA 52 52  ACD, 
ICD  

 X   Pain 
intensit
y, ABPI  

Roberts 
200855 
Non-RCT 

4
7 

67.7 
(7) 

Walking 
program + 
Telephone 
support 

NA 12 12  ACD    Pain 
intensit
y 

Matthews 

202156 
Non-RCT 

1

1 

70 SEP + 

Cardiovascu
lar 
education 

NA 8   6MW

, WIQ 

 X   Anxiety

, 
Depres
sion, 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/advance-article/doi/10.1093/eurjpc/zw

ae296/7756204 by St G
eorge's, U

niversity of London user on 24 Septem
ber 2024



22 

Systolic 
BP 

Racodon 
201847 
Non-RCT 

6
8 

62.7 
(9.7) 

Therapeutic 
education + 
Vascular 

Rehabilitati
on 

NA 52 52  ACD, 
Corri
dor/o

utdo
or 
test 

   BMI 

Fakhry 
201152 

Non-RCT 

2
1

7 

67.5 Structured 

walking 

program 

SEP 
 

24 52  ACD, 
ICD 

X  X  X  ABPI 

Jacobsen 
202259 
Non-RCT 

3
5 

71.5 
(7.7) 

Lifestyle 

counselling 

+ SEP 

NA 12 24  ACD, 
ICD, 
6MW 

  X   

Mouser 
200948 
Non-RCT 

1
2
0 

67.4 
(10.3
) 

Education + 

Walking 

program 

NA 24   ACD, 
ICD 

    

Aalami 

202249 
Non-RCT 

1

3
9 

65 SEP NA 12 52  WIQ     

Wullink 
200164 
Non-RCT 

3
1 

66 
(14) 

Home-

based 

walking 

program 

NA 24   ACD, 
ICD, 
WIQ, 

Corri
dor/
Outd
oor 

test 

    

Jonason 
198143 
Non-RCT 

1
7 

66 Education + 

Home-

based 

walking 

program 

SET 
(Same 
partici
pants) 

12 24 Walki
ng 
activi
ty 

ACD, 
ICD 

    

Otsuka 
202157 

Non-RCT 

3
0 

73.8 Home-
based 

exercise 
with Triaxial 
accelerome

ter + 
telephone 
instruction 

Attent
ion 

contro
l with 
Triaxia

l 
accele
romet
er  

12 12 Activi
ty, 

Steps
/day 

6MW
, WIQ 

 X  X  Self-
efficacy 

Leslie 

202251 
Non-RCT 

4

6 

69 

(11) 

Walking 

program 

SET 

 

12   ACD, 

ICD 

   ABPI 

Key/ abbreviations:  ACD (Absolute claudication distance), ICD (Initial claudication distance), WIQ (Walking 1 
impairment questionnaire), 6MWD (6 minutes walking distance), ABPI (Ankle brachial pressure index).2 
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Table 2: Risk of Bias Assessment in Randomised Control Trials 1 
        

Study D1 D2 D3 D4 D5 Overall    Judgement 

Holmes et al, 201924                      Low risk 

Cunningham et al,35,65                      Some concerns 

GOALS Trial,31,67–70                      High risk 

LITE Trial,32,77       D1 Randomisation process 

TrackPAD study,61,74       D2 Deviation from the intended interventions 

MOSAIC Trial,30,71        D3 Missing outcome data 

Collins et al, 200933       D4 Measurement of the outcome  

Fowler et al, 200245       D5 Selection of the reported results 

Fukaya et al, 202137        

Gardner et al, 201426        

Mays et al, 201529        

HONOR Trial41        

Quirk et al, 201262        

CIPIC Rehab Study,58,75        

Tew et al,201538        

Gardner et al, 201150        

Collins et al, 201125        

EXITPAD Trial60,72,73        

SUNFIT Trial40,76        

Collins et al, 202263        

Savage et al, 200728        

Regensteiner et al, 199739        

Normahani et al, 201842        

Sandercock et al, 200754        

Duscha et al, 201827        
Pochstein & Wegner 201044        

  2 
  3 

+ + + + + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + + 

+ + + + 

+ + + + 

+ + + 

+ + + + 

+ 

+ + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ 

+ 

+ 

+ 

+ 

! 

! 

! 

! 

! ! ! 

! ! ! ! 

! ! ! 
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! ! ! ! 

! ! 

! ! + 

! ! 

! 

! ! ! ! 

! ! ! 

! ! ! ! 

! ! 

- - 

- - - - - 

- - 
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+ 

+ 
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Figure 1: PRISMA diagram for systematic review of effects of behavior-change intervention in people 1 

with intermittent claudication. 2 
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 1 

 2 

Figure 2: Meta-analysis of effect on volume of PA of BCT-based interventions vs Controls or SET 3 

 4 

Daily PA combined using standardised mean differences (SMD), using ‘change from baseline’. Daily PA 5 
uses steps/day, distance per day or a total activity count. Where multiple measures of daily PA were 6 
reported, the steps or distance per day was chosen in preference. Comparison between BCT intervention 7 
and any non-SET control (e.g. attention control or usual care) or SET using random effects meta-analysis.  8 
Data from randomised controlled trials only. 9 

 10 

  11 
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