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ARTICLE HIGHLIGHTS 

Type of Research: Systematic Review and Meta-
Analysis 

Key Findings: Supervised exercise programmes 
are superior to structured home-based exercise 
programmes for patients with intermittent 
claudication (p = .004). However, when 
monitoring was used via pedometers or activity 
monitors, home-based exercise programmes were 
equivalent to supervised exercise programmes (p
= .86). 

Take home Message: When supervised exercise 
programmes are unavailable, home-based exercise 
programmes can be used. However, they must be 
appropriately structured and monitored to be 
effective. 

Table of Contents Summary 

In this meta-analysis, supervised exercise 
programmes were superior to structured home-
based exercise programmes. However, home-
based programmes with monitoring methods were 
equivalent. When supervised exercise 
programmes are unavailable, home-based exercise 
programmes can be used. However, they must be 
appropriately structured and monitored to be 
effective. 



Abstract: 
Objectives: Supervised exercise programmes (SEP) are effective for improving walking 

distance in patients with intermittent claudication (IC) but provision and uptake rates are 

sub-optimal. Access to such programmes has also been halted by the Coronavirus 

pandemic. The aim of this review is to provide a comprehensive overview of the evidence 

for home-based exercise programmes (HEP).

Data Sources: Medline, EMBASE, CINAHL, PEDro and Cochrane CENTRAL were 

searched for terms relating to HEP and IC. 

Review Methods: This review was conducted in according with the published protocol 

and PRISMA guidance. Randomised and non-randomised trials that compared a HEP to 

SEP, basic exercise advice or no exercise controls for IC were included. A narrative 

synthesis was provided for all studies and meta-analyses conducted using data from 

randomised trials. The primary outcome was maximal walking distance. Sub-group 

analyses were performed to consider the effect of monitoring. Risk of bias was assessed 

using the Cochrane tool and quality of evidence via GRADE. 

Results: 23 studies with 1907 participants were included. Considering the narrative 

review, HEPs were inferior to SEPs which was reflected in the meta-analysis (MD 139m, 

95% CI 45 to 232m, p = .004, very-low-quality evidence). Monitoring was an important 

component, as HEPs adopting this were equivalent to SEPs (MD: 8m, 95% CI -81 to 97, 

p = .86; moderate-quality evidence). For HEPs versus basic exercise advice, narrative 

review suggested HEPs can be superior, though not always significantly so. For HEPs

versus no exercise controls, narrative review and meta-analysis suggested HEPs were 

potentially superior (MD: 136m, -2-273m p = .05, very-low-quality evidence). 

Monitoring was also a key element in these comparisons. 

Other elements such as appropriate frequency (≥3x a week), intensity (to moderate-

maximum pain), duration (20 progressing to 60 minutes) and type (walking) of exercise 

were important, as was education, self-regulation, goal setting, feedback and action 

planning. 



Conclusion: When SEPs are unavailable, HEPs are recommended. However, to elicit 

maximum benefit they should be structured, incorporating all elements of our evidence-

based recommendations.

PROSPERO registration number: CRD42018091248 



Introduction 

Peripheral arterial disease (PAD) is categorised by stenotic or occlusive atherosclerotic 

lesions in the arteries that supply the legs, limiting blood flow1. Global estimates suggest 

that PAD affects 237 million people2. The classic symptom of PAD is intermittent 

claudication (IC); a reproducible ambulatory lower limb muscle pain, relieved by rest, 

caused by a muscle oxygen supply and demand imbalance3,4 . IC can impede daily 

activities, functional capacity and quality of life (QoL) and carries an increased mortality 

risk3-7. First-line treatment for IC includes exercise therapy, ideally in the form of a

supervised exercise programme (SEP)8,9, with substantial evidence that SEPs significantly

improve walking distance 10-12.

Despite this, only ~30% of patients with IC are eligible and willing to join a SEP and the 

majority of vascular units in the United Kingdom and United States do not have access to 

one, suggesting they are under-utilised and under-valued13-15. Patient-cited barriers include 

a lack of time and transport, whilst provider-cited barriers include a lack of funding, 

facilities or expertise14,16 . Consequently, there has been an increased interest in home-based 

exercise programmes (HEP), with more recent evaluations including technological 

advancements such as wearable technology17-19. It is likely that interest in HEP provision

has been increased further by the Coronavirus disease 2019 (COVID-19) pandemic, which 

meant that for some time, SEP access was not available, and this may still be the case in 

some countries. 

A systematic review in 2013 demonstrated that there was low quality, preliminary evidence 

that HEPs can provide improvements in walking capacity and QoL20. The review 



concluded that more robust trials were required. Other reviews have attempted to consider 

21,22 the contemporary evidence base for HEPs , However, significant limitations included 

summating the evidence at the same time-points rather than the planned primary endpoint 

of each trial, including asymptomatic patients and combining exercise advice with no 

exercise controls, which limits their applicability Therefore, we aimed to update the 

aforementioned 2013 systematic review and provide a comprehensive overview of the 

evidence for HEPs versus SEPs, basic exercise advice or no exercise controls for improving 

walking distance in patients with IC. We also aimed to provide guidance for the most 

effective HEP elements which can aid healthcare professionals in the design and 

implementation of an evidence-based structured HEP for those with IC.



Methods

This systematic review was conducted in accordance with the PRISMA guidelines23 and 

was prospectively registered on PROSPERO (CRD42018091248). Furthermore, our 

protocol outlining the full methodology, including search strategy, data management, 

outcome measures and the methods for assessing the risk of bias and rating the quality of 

evidence is published elsewhere24.

Briefly, we included prospective non-randomised and randomised controlled trials (RCT’s)

that considered the effect of a HEP versus a comparator arm (SEP, basic exercise advice 

or no exercise control) on walking distance, QoL and/or physical activity for patients with 

IC. Searches were performed from database inception and completed in March 2020. 

Data analysis and synthesis 

Both RCT’s and non-RCT’s were included and a summary of findings table produced for 

each comparison including all studies. Where possible, a meta-analysis of RCT’s was 

performed. Where data was not provided to allow entry into a meta-analysis, study authors 

were contacted, and relevant data requested. Meta-analysis was performed using Review 

Manager 5 (RevMan 2014), to produce forest plots with an overall effect estimate of mean 

difference and associated 95% confidence intervals. Random effects models were used for 

all meta-analyses to consider heterogeneity as interventions and outcomes differed between 

trials25. For meta-analyses, post-intervention mean and standard deviation was used unless 

only change scores were given. We have summated the results at the planned primary 



assessment point of each trial, rather than at designated time-points (e.g. six weeks) as this 

is the point at which the intervention is designed to have greatest effect22.

A head-to-head analysis of the effectiveness of HEPs versus each comparator arm was 

conducted and sub-group analyses were performed based on the presence or absence of

monitoring. Monitoring included either self-monitoring, using devices such as pedometers,

or remote monitoring, using activity monitors. Other pre-specified sub-group analyses 

were not performed due to insufficient data. Furthermore, the robustness of the analyses 

was determined via sensitivity analysis. For this, we removed RCT’s with a higher risk of

bias assessment and repeated the analysis26. Further sensitivity analyses were also 

performed using change scores from baseline (where reported) instead of final 

measurement scores as has been recommended27. When certain studies reported only final 

measurement scores, these were used in conjunction with the change scores that were 

reported for the purpose of sensitivity analyses. All sensitivity analyses are presented in 

the supplementary material. 

We also considered the components of effective HEP interventions, such as the frequency, 

intensity, time and type of exercise and the use of monitoring or dietary and lifestyle advice 

or psychological components. Effective HEP interventions were identified as those that 

induced a significantly greater change (p<0.05) for at least one outcome, when compared 

with the basic exercise advice or no exercise control comparator groups. For trials 

comparing a SEP and a HEP, without a no exercise control or basic exercise advice 

comparator group, the HEP intervention was considered effective if it induced a significant 



positive change from baseline (p<0.05). The effective individual components were then 

identified as those that were evident (and similar) within the majority of these HEPs.

Results 

Search Results 

The search yielded a total of 4,411 results. Twenty-six articles17-19,28-50, reporting 23

studies, were included in this review, with 18 contributing to meta-analyses (Figure 1).

Nine articles included in the previous review were excluded due to lack of an appropriate 

comparator arm and the inclusion of patients with atypical leg pain. Seventeen additional 

articles were identified. . The definition of HEPs was heterogenous with a number of 

studies referring to it as ‘walking advice’ or ‘unsupervised exercise’ when they were 

structured and included specific prescriptions. 

Included trials 

33-35Of the included trials, three were non-randomised and compared HEPs with SEPs . The

28,30,36,38,41-43,45,47 remaining trials were RCT’s, with nine comparing HEPs with SEPs , three 

comparing HEPs with basic exercise advice31,32,48 , two comparing HEPs with both these 

groups18, 46 and six comparing HEPs to no exercise controls17,19,29,39,49,50 .

The total number of recruited patients was 1907. All studies used walking as the mode of 

exercise. The frequency of training was varied, with three sessions per week being the 

minimum prescription to a maximum prescription of three times per day. Duration of 



exercise was either prescribed as minutes per session or number of steps per day. Exercise 

intensity was not always specified but was often based on reaching a mild or near-maximal 

level of claudication pain. HEP duration and length of follow-up ranged from six weeks to 

12 months. 

All but one study32 reported treadmill and/or six-minute walk test (6-MWT) MWD, whilst 

seven did not report PFWD17,29,30,32,39,46,50 . There was a lack of consistency between studies 

with regards to how walking distances were reported; either in minutes or metres, or how 

they were measured; with 15 using a graded treadmill test, five a constant load treadmill 

test and two the 6-MWT. Three studies also reported both treadmill and 6-MWT MWD. 

One study, from 1966, was included, but not used in meta-analyses because the treadmill 

test was not standardised between patients. Generic and disease specific QoL was measured 

in 14 studies via the Walking Impairment Questionnaire (WIQ), the Medical Outcomes 

Study short form 36 (SF-36), 20 (SF-20), or 12 (SF-12), the Intermittent Claudication 

Questionnaire (ICQ), the World Health Organisation quality of life questionnaire, the 

Vascular Quality of Life Questionnaire and the Euroqol-5D.

Quality assessment and Risk of Bias 

All outcomes were rated via GRADE as very low, low or moderate quality (supplementary-

tables I-III). The most common reason for rating down was imprecision, based on wide 

confidence intervals and/or small sample sizes 

Risk of bias summary is shown in Figure 2. All studies were rated as high risk for 

performance bias due to the nature of the interventions.. Across other domains, there was 



little evidence of a high risk of bias (other than for selective outcome reporting). However, 

there was often inadequate information to imply a low risk, resulting in several domains

being rated as ‘unclear’.

HEP vs. SEP 

Supplementary-table IV outlines the narrative findings of all studies that compared HEPs

18,28,30,33-36,38,41-43,45-47with SEPs . Overall, these studies show that for MWD there were 

statistically significant improvements in half of the HEP groups, and in all of the SEP 

groups. For between-group analyses, there were significantly greater improvements 

following SEP in nine of the 14 studies. For PFWD, there were statistically significant 

improvements in half of the HEP groups and in 11 of the 14 SEP groups, with four of the 

SEP groups demonstrating significantly greater improvements than the HEP groups. For 

three studies that adopted monitoring for the HEP via pedometers or step-monitors, there 

were no differences between groups for improvements in PFWD18,34,36. For MWD, one 

study reported no differences between groups36, another reported a significantly greater 

improvement in the SEP group18 and the final study noted a significant improvement in the 

SEP group but not the HEP group (p = .06)34. The latter study also reported that individual 

increases were ‘much higher’ in the SEP group, though the difference in improvements

between groups was 5% and it was not compared statistically.

For QoL outcomes, there were improvements in the WIQ and the physical functioning 

domain and physical component summary score of the SF-36 with improvements largely 

similar between groups. 



Meta-analysis for MWD from eight studies including 334 participants showed an overall 

improvement favouring SEPs (MD 139m, 95% CI 45 to 232m, p = .004, very-low-quality 

evidence; Figure 2A). PFWD, including seven studies and 306 participants also favoured 

SEPs (MD 84m, 95% CI 25 to 143m, p = .005, very-low-quality evidence; Figure 2B).

However, these differences were no longer significant in the sub-group analyses including 

only trials which included monitoring (moderate-quality evidence; Figure 2). 6-MWD was 

not significantly different between groups (very-low-quality evidence).

The SF-36 measures of pain (p = .006, low-quality evidence) and social functioning (p =

.04, low-quality evidence) significantly favoured SEPs. The WIQ domain of distance also 

significantly favoured SEPs (p = .01, very-low-quality evidence). The remaining QoL 

measures showed no significant mean difference between groups, which was also the case 

for daily steps (very-low to moderate-quality evidence). (very-low to moderate-quality 

evidence). 

HEP vs. basic exercise advice 

Supplementary-table V outlines the narrative findings of the five studies that compared 

HEPs with basic exercise advice31,32,36,46,48 . Three studies reported change from baseline 

with two noting significant improvements in MWD and PFWD for the HEP groups. Two 

studies, which included monitoring, demonstrated significantly greater improvements in

MWD for the HEP group compared to basic exercise advice.

For QoL, there were statistically significant improvements in the WIQ and the physical 

functioning domain of the SF-36, with the improvements in the WIQ being significantly 



greater than the basic exercise advice group in one study. For two of the three studies that 

reported physical activity measures, there were significantly greater improvements in daily 

steps and maximum 20-, 30- and 60-minute cadence for the HEP group in comparison to 

the basic exercise advice group32,36 .

Meta-analysis for MWD from four studies including 137 participants showed no significant 

difference between groups (MD 39.0m, 95% CI -123.1 to 201.1m, p = .64, very-low-

quality evidence; Figure 3A). For sub-group analysis, findings were not altered for studies 

adopting monitoring. However, monitoring appeared important as there was a trend (p =

.05) for HEPs without it to be inferior to basic walking advice (very-low-quality evidence, 

Figure 3A). For PFWD, including 3 studies and 109 participants, there was a significant 

between group difference, favouring HEPs (MD 64.5m, 95% CI 14.1 to 114.8m, p = .01,

very-low-quality evidence; Figure 3B). Two of the three studies in this analysis adopted 

monitoring, precluding sub-group analysis. There was also a significant between group 

difference for the ICQ, favouring HEPs (p = <.01, low-quality-evidence). There were no 

significant mean differences for daily steps or the WIQ (very-low-quality evidence). 

HEP vs. no exercise controls 
Supplementary table VI outlines the narrative findings of all 6 studies that compared HEPs

with no exercise controls17, 19,29,39,49,50 . Three studies provided statistical comparisons and 

there were significant improvements in MWD and PFWD for the HEP groups, which were 

generally, significantly greater than the control groups. Two studies provided statistical 

comparisons for the 6-MWD with one demonstrating significant improvements in the HEP 

group, whilst the other showed no significant difference compared to baseline or control. 



For QoL outcomes, there were improvements in the WIQ though they were not analysed 

statistically. The SF-12 and SF-36 outcomes were variable between studies. 

For two studies that reported physical activity measures, only one provided statistical 

19,48 comparison and reported no significant improvements in either group . For the three 

studies that adopted monitoring via an activity monitor or pedometer, two reported 

significant improvements in MWD for the HEP group and one also reported a greater 

improvement compared to the control group 19. Meta-analysis including three studies and 

100 participants revealed a mean difference in MWD of 136m, favouring HEPs, though it 

was not significant (95% CI -2 to 273m, p = .05, very-low-quality evidence; figure 4). 

There were insufficient studies to perform a meta-analysis of PFWD or sub-group analysis 

for MWD. There were no significant mean differences for daily steps, 6-MWD, the WIQ 

or the physical and mental component summaries of the SF-12/36 (moderate to very-low-

quality evidence). 

HEP adherence 
studies18,19,29,30,32,33,36 HEP adherence was poorly reported, stated in only seven and 

assessed via self-reported methods in four29,30,32,33 . Three studies were able to receive 

quantified adherence information via their remote monitoring methods18, 19, 36 .

Four studies reported an adherence of >80%18,29,32,36 , and the lowest reported was 67%. 

The HEP prescribed on the basis of step count, reported poor adherence to the prescribed 

steps, but did not report adherence to frequency of exercise19.

Discussion 



The aim of this systematic review and meta-analysis was to provide an up-to-date 

comprehensive overview of the evidence for HEPs versus SEPs, basic exercise advice and 

no exercise controls for patients with IC. Comparable to a recent review51, the overall 

findings indicated that HEPs are inferior to SEPs for improvements in PFWD and MWD. 

However, HEPs may be more effective than basic exercise advice, and certainly more 

effective than no exercise at all. One novel finding is that for all comparisons, monitoring 

appeared to be an important contributing factor to an effective HEP. 

The apparent superiority of SEPs compared to HEPs, could be due to differences in the 

exercise dose between the two programme types. SEPs are, within reason, clearly defined 

as structured exercise with recommended frequency, intensity, time and type (FITT)

principles8,52-54. HEPs are much less established, have varied utilisation and suffer greater 

heterogeneity, especially in older studies. Indeed, three studies included SEPs that had (up

to 40 minute) longer individual sessions than the HEP28,38,43, whilst two SEP groups were 

also told to complete the HEP in conjunction with the SEP34,38, meaning they received at 

least one extra exercise session per week, compared to the HEP only group. Conversely, 

three HEPs prescribed daily walking33,38,41, up to a maximum of three times a day, versus 

a frequency of two to three times a week in the SEP group. This HEP prescription may be 

too intense and discourage engagement, especially given the reduced functional capacity 

evident in these patients1. As such, heterogeneity may be greater for HEPs than it is for 

SEPs, especially with regards to dose, contributing to their inferiority.



Additionally, the terminology used to describe HEPs may also be a contributing factor.

HEP descriptions included ‘exercise advice’ or ‘unsupervised exercise’, which for patients 

can either be too vague, or even perceived as optional (in the case of exercise advice). It is 

therefore important that patients are made aware that exercise therapy, including HEPs

when appropriate, constitutes part of their treatment regime and should be adhered to, as 

well as being provided in a way that is structured and multifaceted, rather than simple 

advice. This problem is compounded by recent guidelines which identify that home-based 

walking is a useful alternative to SEPs, but refer only to simple ‘unsupervised’ or ‘non-

supervised’ exercise with no specific recommendations9.

Evidence from our sub-group analyses suggests that HEPs may not always be inferior to 

SEPs. Specifically, HEPs adopting remote or self-monitoring, via pedometers and/or 

activity monitors were equivalent to SEPs, or at least reduced their superiority by half for 

improvements in MWD. Furthermore, the results also suggest that HEPs without 

monitoring may be inferior to basic exercise advice. One possible explanation for the

apparent benefit of monitoring is that it can provide a form of remote supervision, with 

four of the seven monitoring studies having the facility to regularly feedback data to the 

study team, potentially improving adherence17-19,36 . For SEPs, the intensity of supervision 

is associated with the level of improvement in walking distance51. It would therefore be 

reasonable to assume that this remote supervision will be more effective than little or no 

supervision (or monitoring) at all. However, based on the findings of three studies included 

in this review17,18,36 , for remote monitoring to be most effective, and to add specificity to 



feedback, the device should only be worn during exercise sessions, rather than at all times 

during the day.

In addition to remote monitoring, self-monitoring, with the use of pedometers and exercise 

diaries, also appeared effective. This is not surprising given that pedometer use is

associated with a reactive effect, with the greatest reactivity seen in those who are asked to 

record their daily step count in an activity diary55. This process of recording daily step 

count may increase awareness of activity levels, leading to effective goal-setting and 

greater confidence for walking. Monitoring via exercise diaries (without step-monitors) or 

telephone calls is ineffective. Clearly, given the variety of possible monitoring, 

standardisation is required. However, we recommend pedometers in conjunction with an 

exercise diary as the minimum. 

In addition to monitoring, a number of HEP components were identified in studies which,

in isolation, appeared to provide similar benefits to SEPs18,34,36,47, or superior benefits to 

basic exercise advice or no exercise controls19,29,36,48 . As such, we have created an example 

supported home-based exercise programme (SHEP), outlined in table I. Our programme is

structured and includes a detailed prescription based on the FITT principle, and 

incorporates support including regular feedback (ideally in real-time), goal setting and 

patient education with appropriate theoretical underpinning. These elements also 

demonstrated good patient adherence, have recently been highlighted as important from 

the PAD patient perspective56 and provide a holistic, patient-centred approach.



Only one study has combined these components into a deliverable structured HEP48,

though it was not an adequately powered RCT, meaning it is currently untested. Future,

larger, longer-term studies adopting this SHEP structure in a way that is accessible and 

pragmatic to patients, such as via telehealth (alongside other monitoring), which has shown 

promise in other clinical populations57,58, are required. These studies should report the

intervention in full to aid replication in clinical practice59. In addition, they should also 

report clinical and cost-effectiveness and the patient eligibility, recruitment, adherence and 

completion rates. This important information is required to build an appropriate evidence 

base for the effectiveness of a standardised, structured SHEP, whilst identifying if it is an

acceptable alternative to SEPs.

However, in the absence of such an evidence base, HEPs should currently only be 

considered when SEPs are unavailable or impractical. HEPs should also be considered in

exceptional circumstances, such as the COVID-19 pandemic, which suspended SEP 

availability and practicality. Under these normal and exceptional circumstances, we

recommend that a structured SHEP, based on the components outlined in table I, is likely 

most effective, and should be provided to engage more patients in appropriate lifestyle and 

exercise behaviour change.

Such a programme could also be recommended to aid continued engagement for those who 

do complete a SEP, as currently, there is limited provision of long-term exercise 

recommendations. 

Limitations 



A number of studies provided inadequate data to allow for meta-analysis, meaning the 

meta-analyses provided herein do not encompass the full evidence base. In addition, a

number of meta-analysable outcomes were restricted by moderate to very-low-quality 

evidence, small sample sizes and a lack of robustness to sensitivity analyses, meaning their 

interpretation is limited. Finally, due to the limited number of studies included in the meta-

analysis, publication bias could not be excluded via funnel plot.

Conclusion 

HEPs still appear inferior to SEPs. However, with remote- and self-monitoring this 

inferiority is markedly reduced. Compared to basic exercise advice, HEPs generally 

provided a benefit, though this was not always significantly greater. However, HEPs did

appear to demonstrate superiority compared to no exercise controls for improvements in 

MWD, though with very-low-quality evidence. As such, evidence for HEPs suggests they 

should only be recommended when SEPs are unavailable or impractical. When HEPs are 

appropriate, they should be structured and personalised, taking into account the specific 

FITT (and other) principles, provided in the recommendations outlined above. Larger, 

longer-term studies combining all of these elements into one accessible, pragmatic SHEP, 

potentially via telehealth, should provide the future direction of HEP-based research for 

patients with IC. 
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