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Abstract

We estimated minimal clinically important differences (MCID) for small, moderate, and large 

changes in measures obtained from a standardized treadmill test, 6-minute walk test, and patient-

based outcomes following supervised and home-based exercise programs in symptomatic patients 

with peripheral artery disease (PAD). Patients were randomized to either 12 weeks of a supervised 

exercise program (n=60), a home-based exercise program (n=60), or an attention-control group 

(n=60). Using the distribution-based method to determine MCID, the MCID for small, moderate, 

and large changes in PWT in the supervised exercise group was 38, 95, and 152 seconds, 

respectively, and the changes in COT were 35, 87, and 138 seconds. Similar MCID scores were 

noted for the home-based exercise group. An anchor-based method to determine MCID yielded 

similar patterns of small, moderate, and large change scores in PWT and COT, but values were 1–

2 minutes longer than the distribution approach. In conclusion, three months of supervised and 

home-based exercise programs for symptomatic patients with PAD results in distribution-based 

MCID small, moderate, and large changes ranging from 0.5 and 2.5 minutes for PWT and COT. 

An anchor-based approach yields higher MCID values, ranging from a minimum of 73 seconds for 

COT to a maximum of 4 minutes for PWT. The clinical implication is that a goal for eliciting 

MCID in symptomatic PAD patients through a walking exercise intervention is to increase PWT 

and COT by up to four minutes, which corresponds to two work stages during the standardized 

progressive treadmill test.
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INTRODUCTION

Peripheral artery disease (PAD) is a highly prevalent condition,1–3 that is both costly4–7 and 

deadly,8,9 resulting in poor patient-based quality of life.10–13 Between 40 and 75 percent of 

those with PAD experience symptomatic leg pain during ambulation that is either typical or 

atypical of classic claudication,2 resulting in disability evident by ambulatory dysfunction,14 

impaired physical function which declines over time,15,16 and low daily physical activity.17

The primary goal in treating symptoms is to improve ambulatory function and quality of life.
18 Treatment options include exercise, pharmacologic, and peripheral revascularization 

interventions to improve ambulatory dysfunction.19–21 While pharmacological and surgical 

intervention have been associated with measurable functional improvements in patients with 

PAD,22,23 medically supervised exercise programs can significantly improve ambulation 

with less cost, morbidity, and mortality.24 Supervised exercise programs improve objective 

treadmill-based outcomes such as claudication onset time (COT) and peak walking time 

(PWT), and has been given a Class IA recommendation supported by multiple randomized 

controlled trials and meta-analyses.2,25 Home-based exercise programs have recently 

emerged as an additional method to rehabilitate symptomatic patients with PAD, and offer 

some advantages to supervised exercise. Contemporary home-based exercise studies, 

utilizing improved training methodologies, have also demonstrated efficacy in improving 

COT and PWT.19,26–28

While demonstrating improvements in functional outcomes following an exercise 

rehabilitation program is important to evaluate efficacy of the intervention, studying the 

minimal clinically important difference (MCID) has not been addressed in patients with 

PAD. The MCID represents the smallest threshold change in an outcome measure that 

patients consider beneficial.29 In a previous report, MCID in 6-minute walk distance was 

determined by both distribution-based and anchor-based methods in older adults with 

mobility disability, subacute stroke survivors, and in community-dwelling older adults who 

were assessed at baseline and at follow-up.30 The distribution-based method used the 

distribution of the outcome measure, as well as the variability and reliability to estimate the 

effect size and the standard error of the measurement. The anchor-based method used two 

questions assessing physical function quality of life to determine whether there was an 

improvement by at least one level in the answer selection. Using these methods, small and 

moderate MCID thresholds in 6-minute walk distance were found to be approximately 20 

meters and 50 meters, respectively,30 however the changes for the distribution method were 

calculated by using the baseline standard deviation rather than the change score standard 

deviation. Furthermore, these distances have been applied to patients with PAD31 even 

though they were not originally developed on this population. MCID thresholds in patients 

with PAD have not been determined for commonly obtained PAD-specific outcome 

measures, such as the gold-standard variables PWT and COT during a treadmill test, and 

patient-based outcomes from the walking impairment questionnaire (WIQ) and the medical 

outcomes study short form-36 (MOS SF-36) questionnaire.

Therefore, in an exploratory analysis from our previous randomized-controlled trial,26 our 

aim of this study was to estimate the MCID for small, moderate, and large changes in 
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outcome measures obtained from a standardized treadmill test, a 6-minute walk test, and 

from the WIQ and MOS SF-36 questionnaires following both supervised and home-based 

exercise programs in symptomatic patients with PAD.

METHODS

Patients

Approval and Informed Consent—The procedures of this study were approved by the 

institutional review board at the University of Oklahoma Health Sciences Center (HSC). 

Written informed consent was obtained from each patient at the beginning of investigation.

Recruitment—Patients who were not currently exercising were recruited from vascular 

laboratories and vascular clinics from the University of Oklahoma HSC for possible 

enrollment into exercise rehabilitation programs to treat leg pain secondary to PAD.19,26

Medical Screening through History and Physical Examination

Patients were evaluated in the morning at the Clinical Research Center, at the University of 

Oklahoma HSC.26 Patients arrived fasted, but were permitted to take their usual 

medications. Patients were evaluated with a medical history and physical examination in 

which demographic information, height, weight, waist circumference, cardiovascular risk 

factors, co-morbid conditions, claudication history, ankle/brachial index (ABI), blood 

samples, and a list of current medications were obtained.

Inclusion and Exclusion Criteria—According to criteria previously described,26 

patients with symptomatic PAD were included in this study if they met the following 

criteria: (a) a history of ambulatory leg pain, (b) ambulatory leg pain confirmed by treadmill 

exercise,14 and (c) an ABI ≤ 0.902 at rest or ≤ 0.73 after exercise.32 Patients were excluded 

for the following conditions: (a) absence of PAD (ABI > 0.90 at rest and ABI > 0.73 after 

exercise), (b) non-compressible vessels (ABI ≥ 1.40), (c) asymptomatic PAD, (d) use of 

medications indicated for the treatment of claudication (cilostazol or pentoxifylline) initiated 

within three months prior to investigation, (e) exercise limited by other diseases or 

conditions, (f) active cancer, (g) end stage renal disease defined as stage 5 chronic kidney 

disease, (h) abnormal liver function, and (i) failure to complete the baseline run-in phase 

within three weeks.

Intervention and Control Groups

Home-Based Exercise Rehabilitation Program—The home-based exercise program 

consisted of three months of intermittent walking to mild-to-moderate claudication pain at 

least three days per week at a self-selected pace, in which exercise duration was 

progressively increased from 20 to 45 minutes per session, as previously described.19,26 

Patients wore a step activity monitor during the exercise sessions to accurately record the 

duration and cadence of ambulation on a minute-to-minute basis during each exercise 

session.
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Supervised Exercise Rehabilitation Program—Exercise sessions in our supervised, 

on-site, treadmill exercise program were performed while also wearing a step activity 

monitor.19,26 The supervised program consisted of three months of intermittent treadmill 

walking to mild-to-moderate claudication pain three days per week at a speed of 

approximately two mph and at a grade equal to 40% of the highest work load achieved 

during the baseline maximal treadmill test.33 Exercise sessions progressively increased 

during the program from 15 to 40 minutes. The volume of exercise performed, expressed as 

MET-minutes, was matched for the home-based and supervised exercise programs.26

Attention-Control, Light Resistance Program—Light resistance training was 

performed 3 times per week, without any walking exercise, using a Pro-Form Fusion 6.0 LX 

weight system.26 Resistance training consisted of performing both upper and lower 

extremity exercises. One set of 15 repetitions was performed for each exercise. Patients wore 

a step activity monitor during each exercise session to quantify the total time of their visits, 

which was designed to match the supervised exercise program on the amount of exposure 

patients had with the research staff.

Outcome Measurements

Graded Maximal Treadmill Test—Patients performed a progressive, graded treadmill 

protocol to determine study eligibility, as well as to obtain outcome measures related to 

exercise performance.14 The COT, defined as the walking time at which the subjects first 

experienced pain, and the PWT, defined as the walking time at which ambulation could not 

continue due to maximal pain, were both recorded to quantify the severity of claudication. 

Peak oxygen uptake was measured by oxygen uptake obtained during the peak exercise 

work load with a Medical Graphics VO2000 metabolic system (Medical Graphics Inc, St. 

Paul, MN).

6-Minute Walk Test—On a separate day, typically within one week from the treadmill 

test, patients performed an over-ground, 6-minute walk test in which two cones were placed 

100 feet apart in a marked corridor, as previously described.34 The time and distance to 

onset of claudication as well as the total distance walked were recorded.

Walking Impairment Questionnaire (WIQ)—Patient-based ambulatory ability was 

obtained using the validated WIQ instrument for PAD patients that assesses ability to walk 

at various speeds and distances, and to climb stairs.35

Medical Outcomes Study Short-Form 36 (MOS SF-36 – Rand Version 1.0)—The 

self-reported physical function subscale of health-related quality of life was assessed from 

this instrument.36 We previously found that the physical function subscale was the most 

impaired subscale in patients with symptomatic PAD compared to national norms.37 Thus, 

we selected the physical function subscale as a primary outcome measure for the 

distribution-based method to determine MCID.

The physical function subscale was also selected as the anchor for the anchor-based method 

to determine MCID for the other outcome measures. The physical function scale is 

comprised of 10 questions about performing daily activities with answer selections that 
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include the following: limited a lot, limited a little, and not limited at all. A change in one 

level of a question (e.g., a pre-test response is limited a lot and the post-test response is 

limited a little) is equal to a 5% change in the total physical function scale. We considered a 

one-level change in any one of the 10 questions for the physical function scale to represent a 

small MCID of 5%. Based on our data, we selected a 25% change and a 40% change in the 

physical function scale to represent moderate and large MCID’s, respectively. These changes 

are equivalent to 5 levels of improvement among the 10 questions, in any combination, for a 

moderate MCID, and 8 levels of improvement for a large MCID.

Statistical Analyses

The data are presented as means and standard deviations (SD) for continuous variables, and 

frequencies with proportions for categorical variables. The normality assumption for 

continuous variables was checked based on Shapiro-Wilk tests. P-values for multiple group 

comparison were obtained from the ANOVA tests and Pearson’s chi-square tests for 

continuous and categorical variables respectively. The equality of variance for pairwise 

group comparison is evaluated based on F-tests. The magnitudes of meaningful changes 

were calculated based on a distributed-based method by using the effect size with the 

formula δ = (μex − μc)σ, where μex is the mean of change scores in the exercise group, and 

μc is the mean of change score in the control group, and σ is the pooled standard deviation of 

the change scores from both the exercise group and control group. The corresponding small, 

moderate and large meaningful changes are calculated by multiplying σ with 0.2 (small), 0.5 

(moderate) and 0.8 (large) based on the guidelines for interpreting an effect size. This 

distributed-based approach is data-driven by using statistical descriptions and testing. In 

addition, the anchor-based approach is also applied by utilizing the physical function 

subscale as the anchor (see description above). It is noted that this approach could lead to 

varied results due to subjective selection of external criteria or the absence of reliable cut-

points, thus the anchor selection is crucial due to substantial influence on the identification 

of meaningful changes; however, the advantage is to link the change in a given score to the 

patients’ perspective captured by the anchor.38 Power analyses were preformed to get the 

sample size per group to detect the identified meaningful changes with 80% power based on 

two-sample t-tests. All hypothesis tests were two-sided with the significance level of 0.05. 

Data was analyzed using SAS 9.4 Software.

RESULTS

The baseline clinical characteristics of the three groups are shown in Table I. The groups 

consisted of older, overweight symptomatic patients with mean ABI values reflecting 

moderately severe PAD. Additionally, the groups had a concomitantly high burden of 

comorbid conditions and cardiovascular risk factors, particularly hypertension, dyslipidemia, 

and metabolic syndrome. None of the baseline characteristics were significantly different 

among the groups. As described in the original investigation,26 156 patients completed the 

trial and 24 did not.

The group change scores of outcome measures obtained from a standardized treadmill test, a 

6-minute walk test, and from the WIQ and MOS SF-36 questionnaires are shown in Table 2. 
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The change score was different among the three groups for COT (p = 0.020), PWT (p = 

0.037), and 6-minute walk distance (p < 0.001). These change scores were significantly 

greater than zero for the home-based and supervised exercise groups (p < 0.001).

Based on effect size calculations, the distribution-based method to determine MCID for 

small, moderate, and large changes following three months of intervention are shown in 

Table 3. Of particular interest, the MCID for small, moderate, and large changes in the 

treadmill-based outcome measure of PWT in the supervised exercise group were 38, 95, and 

152 seconds respectively, which represents one or two additional work stages completed 

during the treadmill test. The changes in COT were 35, 87, and 138 seconds. Furthermore, 

the MCID for small, moderate, and large changes in 6-minute walk distance in the 

supervised exercise group was 9, 24, and 38 meters, respectively. The MCID change scores 

for the remaining variables in the supervised group, and for all of the variables in the home-

exercise group are displayed in Table 3. Similar change score values were noted between the 

supervised and home-based exercise groups.

The anchor-based method to calculate MCID for small, moderate, and large changes 

following three months of intervention is displayed in Table 4. To have a larger sample size 

for the anchor-based method, we pooled the patients from the supervised and home-based 

exercise groups to obtain more stable exercise estimates. The anchor-based MCID for small, 

moderate, and large changes in treadmill-based outcomes were approximately 1–2 minutes 

longer than the distribution-based results, as the MCID’s for PWT were 121, 141, and 241 

seconds. These MCID values represent one or two additional work stages accomplished 

during the treadmill test after intervention than compared to baseline. The anchor-based 

MCID for small, moderate, and large changes in 6-minute walk distance were similar to the 

distribution-based results, as the MCID’s were 12, 32, and 34 meters, respectively. The 

anchor-based MCID values for the WIQ outcomes tended to be higher than the distribution-

based results.

The number of patients needed per group to detect meaningful changes in a between-group 

comparison with the non-exercise control group with 80% power are shown in Table 5. The 

small, moderate, and large meaningful changes in PWT in the supervised exercise group 

require group sample sizes of 318, 52, and 21 patients, respectively. For all of the outcomes 

in the supervised group, a sample size near or above 300 patients was required for a small 

MCID change to be statistically significant, whereas moderate and large changes required 

near or above 50 and 20 patients. Similar sample size calculations for small, moderate, and 

large MCID changes were determined for the home-based exercise group.

To examine the robustness of the MCID calculations for a walking exercise intervention to 

treat claudication, we analyzed individual patient data using the distribution-based method 

from a previous on-site, supervised walking program39 shown in (Table 6) to directly 

compare to MCID values with our distribution-based method in the current study (Table 3). 

The previous investigation was double in length (6 months) to the current study, and had 

equal or greater effect sizes for the treadmill and 6-minute walk outcomes. Significant 

improvements were observed in the supervised exercise group for the objective 

measurements during the treadmill test and 6-minute walk test in the previous report, and 
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these changes were different than the non-exercise control group.39 The MCID for small, 

moderate, and large changes in PWT following six months of supervised exercise were 48, 

119, and 191 seconds, respectively. These values for PWT are approximately 10–40 seconds 

greater than from the shorter 3-month intervention of the current study, and a similar trend 

for COT was noted. The MCID for small, moderate, and large changes in 6-minute walk 

distance following six months of supervised exercise were 13, 33, and 53 meters, 

respectively. These values are approximately 4–15 meters greater than the current study. A 

similar trend was observed with the WIQ variables, as slightly greater MCID values were 

found with the previous longer study.

DISCUSSION

The primary novel finding was that following three-month programs of supervised and 

home-based exercise for symptomatic patients with PAD, the distribution-based method to 

determine MCID for small, moderate, and large changes in the treadmill outcomes of PWT 

and COT were approximately 0.5, 1.5, and 2.5 minutes, respectively. Furthermore, the 

respective changes in 6-minute walk distance were approximately 10, 25, and 40 meters, 

which are smaller estimates than the previously reported small meaningful change (20 

meters) and moderate meaningful change (50 meters) determined in elderly and stroke 

populations.30 Compared to the distribution-based method, MCID determined from the 

anchor-based method yielded values that were approximately 1–2 minutes longer for the 

treadmill outcomes, and values that were similar for 6-minute walk distance.

MCID for Treadmill Test Outcomes

This is the first study attempting to define MCID for changes in treadmill-based outcome 

measures, such as PWT and COT, in patients with PAD. A standardized treadmill test is the 

most common exercise methodology to assess ambulatory limitations in symptomatic 

patients with PAD, and is argued to be superior to 6-minute walk tests for this purpose.18 

This is particularly true for graded treadmill protocols that utilize progressive increments in 

work load.14,18 Yet despite the preference to use treadmill tests in many clinical settings, a 

limitation is that MCID in treadmill performance of PAD patients has not been previously 

defined.18,31 Our distribution-based results indicate that MCID for changes in PWT 

following either an on-site supervised or a home-based exercise program were identical for a 

small change (38 seconds) and for a moderate change (95 seconds), and was nearly identical 

for a large change (152 and 153 seconds). Similar distribution-based results were found for 

MCID in COT following both exercise programs, and the values were slightly lower than for 

PWT. These distribution-based results were confirmed by comparison with results from an 

earlier study published from our laboratory, although the MCID values were slightly greater, 

perhaps because the intervention duration of six months was twice that of the current three-

month study. An anchor-based approach resulted in higher MCID values for PWT and COT. 

Thus, compared to the distribution-based results, greater objective changes in the treadmill 

outcomes were needed for the patients to subjectively report that they experienced 

improvements in their physical function. However, the differences between the distribution-

based and anchor-based methods are not large enough to result in much change in the 

clinical interpretation of the treadmill test outcomes. For example, small MCID values for 
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PWT and COT determined by both methods range between 33 and 121 seconds, and 

therefore all values occur during or at the end of one 2-minute work stage during the 

progressive treadmill test. For moderate MCID for PWT, the anchor-based approach resulted 

in a value of 141 seconds compared to the distribution-based approach of 95 seconds. Thus, 

the clinical interpretation is that PWT needs to improve by two treadmill work stages for 

MCID if the anchor-based method is selected, whereas PWT only needs to improve by one 

treadmill work stage for the distribution-based approach.

Given that the effect size to increase PWT and COT was approximately 1.0 for the 

supervised exercise group, and that this compares favorably to the effect sizes ranging 

between 0.87 and 1.01 with graded treadmill test outcomes following exercise training,18 the 

results from this study are representative of many previous studies published in the literature, 

and it is reasonable to expect these effect size changes to occur in future studies. For the 

graded treadmill protocol used in this study, the moderate-to-large effect sizes correspond to 

approximately 1.5 to 2.5 more minutes (distribution-based method) and 4 more minutes 

(anchor-based method) of walking, which equate to one or two additional increments in 

work stages during the treadmill test. Therefore, patients who increase PWT and COT by a 

moderate-to-large MCID in walking duration also achieve a higher maximal work rate of 

0.55 to 1.1 MET’s associated with the greater work stages completed.40 Thus, meaningful 

changes in PWT and COT during the treadmill test also indicate changes in metabolic 

capacity, which is not true for the 6-minute walk test.

MCID for 6-Minute Walk Test Outcomes

One advantage that has been touted for performing a 6-minute walk test to assess 

ambulatory function in patients with PAD is that MCID has been established for the total 

distance walked during this test, albeit not in a PAD population.30 Using a distribution-based 

method similar to what we used in the current study, small and moderate meaningful 

changes in 6-minute walk distance were reported to be 20 meters and 50 meters, 

respectively.30 However, this work was based on baseline and follow-up observations on 

older adults with mobility disability, subacute stroke survivors, and community-dwelling 

older adults in which the baseline standard deviation was used to calculate effect size. Given 

that the metric of interest in these repeated measures designs is the change score, the pooled 

standard deviation of the change score is more appropriate to calculate effect sizes and 

MCID. Another concern is that the small and moderate meaningful changes of 20 and 50 

meters are only generalizable to the studied populations, and therefore application of these 

values to patients with PAD31 may not be valid. Our distribution-based results indicate that 

PAD-specific determinations of small and moderate meaningful changes are only half of 

those reported for older adults and stroke patients, as the respective values are approximately 

10 meters and 25 meters. Additionally, the large MCID in this report is 38 meters for the 

supervised exercise program and 45 meters for the home-based exercise program, both of 

which are smaller than even the moderate change in the other populations.30 Our anchor-

based MCID results for 6-minute walk distance are similar to the distribution-based values. 

The smaller meaningful changes in 6-minute walk distance in the current study of PAD 

patients are due to the smaller pooled standard deviations of the change scores. For example, 

our pooled standard deviations of the change scores in 6-minute walk distance for 
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comparison of control vs supervised exercise group and that of control vs home exercise 

group are only 47 and 57 meters respectively, whereas our baseline standard deviation of 6-

minute walk distance pooled from three groups is 95 meters.

MCID for Patient-Based Outcomes

Patient-based outcomes are being recognized as increasingly important in evaluating 

ambulation and health-related quality of life of patients with PAD.41,42 Despite the common 

measurement of the WIQ and MOS SF-36 questionnaires to quantify the patient-based 

outcomes, MCID changes have not been previously examined in patients with PAD. This is 

the first study to use both distribution-based and anchor-based methods to determine MCID 

for small, moderate, and large changes following supervised and home-based exercise 

programs in patients with PAD. In general, the effect sizes for the distance, speed, and stair 

climbing scores on the WIQ, and the physical function subscale of the MOS SF-36 

questionnaire are much smaller than the objective measurements from the treadmill and 6-

minute walk tests. This is an important consideration in planning a study, as determining 

statistical change to correspond with MCID requires a larger sample size. Alternatively, a 

more intense intervention may be necessary to elicit moderate-to-large changes in the 

patient-based outcomes that are typically observed with the objective measurements of PWT, 

COT, and 6-minute walk distance. For interventions to treat PAD patients with smaller effect 

sizes, such as those between 0.11 and 0.32 typically observed for medication therapy,18 large 

multi-site trials that enroll more than several hundred patients per treatment arm are required 

for the expected small MCID to also reach statistical significance.

Limitations

Although this study has determined MCID in common outcome measures for patients with 

PAD, particularly treadmill-based outcomes of PWT and COT, several limitations exist. It is 

possible that there was a self-selection bias related to study participation, as patients were 

volunteers and may represent those with the highest interest in participating, the best access 

to transportation, and the best health compared to non-volunteers. Additionally, these results 

are only applicable to symptomatic PAD patients, and may not generalize to patients with 

different disease severity. A final limitation is that although patients were randomized into 

one of the groups prior to intervention, the possibility that those who participated in home 

exercise were more motivated than other patients cannot be ruled out. However, these results 

are generalizable to symptomatic patients with PAD who typically have high prevalence of 

comorbid conditions.

Conclusion and Clinical Significance

Three months of supervised and home-based exercise programs for symptomatic patients 

with PAD results in distribution-based MCID small, moderate, and large changes ranging 

from 0.5 and 2.5 minutes for PWT and COT. An anchor-based approach yields higher MCID 

values, ranging from a minimum of 73 seconds for COT to a maximum of 4 minutes for 

PWT. The clinical implication is that a goal for eliciting MCID in symptomatic PAD patients 

through a walking exercise intervention is to increase PWT and COT by up to four minutes, 

which corresponds to two work stages during the standardized progressive treadmill test.

Gardner et al. Page 9

Vasc Med. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

Funding Sources: This research was supported by grants from the National Institute on Aging (R01-AG-24296) 
and General Clinical Research Center (M01-RR-14467) sponsored by the National Center for Research Resources.

References

1. Fowkes FG, Rudan D, Rudan I, Aboyans V, Denenberg JO, McDermott MM, et al. Comparison of 
global estimates of prevalence and risk factors for peripheral artery disease in 2000 and 2010: a 
systematic review and analysis. Lancet. 2013; 382:1329–40. [PubMed: 23915883] 

2. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes FG. Inter-Society Consensus 
for the Management of Peripheral Arterial Disease (TASC II). J Vasc Surg. 2007; 45(Suppl S):S5–
67. [PubMed: 17223489] 

3. Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA, Drachman DE, et al. 2016 
AHA/ACC Guideline on the Management of Patients With Lower Extremity Peripheral Artery 
Disease: A Report of the American College of Cardiology/American Heart Association Task Force 
on Clinical Practice Guidelines. Circulation. 2017; 135:e726–e79. [PubMed: 27840333] 

4. Hirsch AT, Hartman L, Town RJ, Virnig BA. National health care costs of peripheral arterial disease 
in the Medicare population. Vasc Med. 2008; 13:209–15. [PubMed: 18687757] 

5. Jaff MR, Cahill KE, Yu AP, Birnbaum HG, Engelhart LM. Clinical outcomes and medical care costs 
among medicare beneficiaries receiving therapy for peripheral arterial disease. Ann Vasc Surg. 
2010; 24:577–87. [PubMed: 20579582] 

6. Mahoney EM, Wang K, Keo HH, Duval S, Smolderen KG, Cohen DJ, et al. Vascular hospitalization 
rates and costs in patients with peripheral artery disease in the United States. Circ Cardiovasc Qual 
Outcomes. 2010; 3:642–51. [PubMed: 20940249] 

7. Sachs T, Pomposelli F, Hamdan A, Wyers M, Schermerhorn M. Trends in the national outcomes and 
costs for claudication and limb threatening ischemia: angioplasty vs bypass graft. J Vasc Surg. 2011; 
54:1021–31. e1. [PubMed: 21880457] 

8. Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, McCann TJ, et al. Mortality over a 
period of 10 years in patients with peripheral arterial disease. N Engl J Med. 1992; 326:381–6. 
[PubMed: 1729621] 

9. Brass EP, Hiatt WR. Review of mortality and cardiovascular event rates in patients enrolled in 
clinical trials for claudication therapies. Vasc Med. 2006; 11:141–5. [PubMed: 17288119] 

10. Dumville JC, Lee AJ, Smith FB, Fowkes FG. The health-related quality of life of people with 
peripheral arterial disease in the community: the Edinburgh Artery Study. Br J Gen Pract. 2004; 
54:826–31. [PubMed: 15527608] 

11. Myers SA, Johanning JM, Stergiou N, Lynch TG, Longo GM, Pipinos II. Claudication distances 
and the Walking Impairment Questionnaire best describe the ambulatory limitations in patients 
with symptomatic peripheral arterial disease. J Vasc Surg. 2008; 47:550–5. [PubMed: 18207355] 

12. Regensteiner JG, Hiatt WR, Coll JR, Criqui MH, Treat-Jacobson D, McDermott MM, et al. The 
impact of peripheral arterial disease on health-related quality of life in the Peripheral Arterial 
Disease Awareness, Risk, and Treatment: New Resources for Survival (PARTNERS) Program. 
Vasc Med. 2008; 13:15–24. [PubMed: 18372434] 

13. Ware JE Jr. The status of health assessment 1994. Annu Rev Public Health. 1995; 16:327–54. 
[PubMed: 7639876] 

14. Gardner AW, Skinner JS, Cantwell BW, Smith LK. Progressive vs single-stage treadmill tests for 
evaluation of claudication. Med Sci Sports Exerc. 1991; 23:402–8. [PubMed: 2056896] 

15. McDermott MM, Greenland P, Liu K, Guralnik JM, Criqui MH, Dolan NC, et al. Leg symptoms in 
peripheral arterial disease: associated clinical characteristics and functional impairment. JAMA. 
2001; 286:1599–606. [PubMed: 11585483] 

16. McDermott MM, Liu K, Greenland P, Guralnik JM, Criqui MH, Chan C, et al. Functional decline 
in peripheral arterial disease: associations with the ankle brachial index and leg symptoms. JAMA. 
2004; 292:453–61. [PubMed: 15280343] 

Gardner et al. Page 10

Vasc Med. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Sieminski DJ, Gardner AW. The relationship between free-living daily physical activity and the 
severity of peripheral arterial occlusive disease. Vasc Med. 1997; 2:286–91. [PubMed: 9575600] 

18. Hiatt WR, Rogers RK, Brass EP. The treadmill is a better functional test than the 6-minute walk 
test in therapeutic trials of patients with peripheral artery disease. Circulation. 2014; 130:69–78. 
[PubMed: 24982118] 

19. Gardner AW, Parker DE, Montgomery PS, Scott KJ, Blevins SM. Efficacy of quantified home-
based exercise and supervised exercise in patients with intermittent claudication: a randomized 
controlled trial. Circulation. 2011; 123:491–8. [PubMed: 21262997] 

20. Murphy TP, Cutlip DE, Regensteiner JG, Mohler ER, Cohen DJ, Reynolds MR, et al. Supervised 
exercise versus primary stenting for claudication resulting from aortoiliac peripheral artery 
disease: six-month outcomes from the claudication: exercise versus endoluminal revascularization 
(CLEVER) study. Circulation. 2012; 125:130–9. [PubMed: 22090168] 

21. Hiatt WR. Medical treatment of peripheral arterial disease and claudication. NEnglJ Med. 2001; 
344:1608–21.

22. Slovut DP, Lipsitz EC. Surgical technique and peripheral artery disease. Circulation. 2012; 
126:1127–38. [PubMed: 22927475] 

23. Robless P, Mikhailidis DP, Stansby GP. Cilostazol for peripheral arterial disease. Cochrane 
database of systematic reviews (Online). 2008:CD003748.

24. Treesak C, Kasemsup V, Treat-Jacobson D, Nyman JA, Hirsch AT. Cost-effectiveness of exercise 
training to improve claudication symptoms in patients with peripheral arterial disease. Vascular 
medicine (London, England). 2004; 9:279–85.

25. Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA, Drachman DE, et al. 2016 
AHA/ACC Guideline on the Management of Patients with Lower Extremity Peripheral Artery 
Disease: Executive Summary. Vasc Med. 2017; 22:NP1–NP43. [PubMed: 28494710] 

26. Gardner AW, Parker DE, Montgomery PS, Blevins SM. Step-monitored home exercise improves 
ambulation, vascular function, and inflammation in symptomatic patients with peripheral artery 
disease: a randomized controlled trial. J Am Heart Assoc. 2014; 3:e001107. [PubMed: 25237048] 

27. McDermott MM, Liu K, Guralnik JM, Criqui MH, Spring B, Tian L, et al. Home-based walking 
exercise intervention in peripheral artery disease: a randomized clinical trial. JAMA. 2013; 
310:57–65. [PubMed: 23821089] 

28. McDermott MM, Guralnik JM, Criqui MH, Ferrucci L, Zhao L, Liu K, et al. Home-based walking 
exercise in peripheral artery disease: 12-month follow-up of the goals randomized trial. J Am 
Heart Assoc. 2014; 3:e000711. [PubMed: 24850615] 

29. Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the minimal 
clinically important difference. Control Clin Trials. 1989; 10:407–15. [PubMed: 2691207] 

30. Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and responsiveness in 
common physical performance measures in older adults. J Am Geriatr Soc. 2006; 54:743–9. 
[PubMed: 16696738] 

31. McDermott MM, Guralnik JM, Criqui MH, Liu K, Kibbe MR, Ferrucci L. Six-minute walk is a 
better outcome measure than treadmill walking tests in therapeutic trials of patients with peripheral 
artery disease. Circulation. 2014; 130:61–8. [PubMed: 24982117] 

32. Hiatt WR, Marshall JA, Baxter J, Sandoval R, Hildebrandt W, Kahn LR, et al. Diagnostic methods 
for peripheral arterial disease in the San Luis Valley Diabetes Study. J Clin Epidemiol. 1990; 
43:597–606. [PubMed: 2189949] 

33. Gardner AW, Montgomery PS, Flinn WR, Katzel LI. The effect of exercise intensity on the 
response to exercise rehabilitation in patients with intermittent claudication. JVascSurg. 2005; 
42:702–9.

34. Montgomery PS, Gardner AW. The clinical utility of a six-minute walk test in peripheral arterial 
occlusive disease patients. J Am Geriatr Soc. 1998; 46:706–11. [PubMed: 9625185] 

35. Regensteiner JG, Steiner JF, Panzer RL, Hiatt WR. Evaluation of walking impairment by 
questionnaire in patients with peripheral arterial disease. J Vasc Med Biol. 1990; 2:142–52.

36. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual 
framework and item selection. Med Care. 1992; 30:473–83. [PubMed: 1593914] 

Gardner et al. Page 11

Vasc Med. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Izquierdo-Porrera AM, Gardner AW, Bradham DD, Montgomery PS, Sorkin JD, Powell CC, et al. 
Relationship between objective measures of peripheral arterial disease severity to self-reported 
quality of life in older adults with intermittent claudication. JVascSurg. 2005; 41:625–30.

38. Rai SK, Yazdany J, Fortin PR, Avina-Zubieta JA. Approaches for estimating minimal clinically 
important differences in systemic lupus erythematosus. Arthritis Res Ther. 2015; 17:143. 
[PubMed: 26036334] 

39. Gardner AW, Katzel LI, Sorkin JD, Bradham DD, Hochberg MC, Flinn WR, et al. Exercise 
rehabilitation improves functional outcomes and peripheral circulation in patients with intermittent 
claudication: a randomized controlled trial. J Am Geriatr Soc. 2001; 49:755–62. [PubMed: 
11454114] 

40. American College of Sports MedicineGuidelines for exercise testing and prescription9. 
Philadelphia: Lippincott Williams & Wilkins; 2014

41. Breek JC, Hamming JF, De VJ, van Berge Henegouwen DP, van Heck GL. The impact of walking 
impairment, cardiovascular risk factors, and comorbidity on quality of life in patients with 
intermittent claudication. JVascSurg. 2002; 36:94–9.

42. Chetter IC, Dolan P, Spark JI, Scott DJ, Kester RC. Correlating clinical indicators of lower-limb 
ischaemia with quality of life. CardiovascSurg. 1997; 5:361–6.

Gardner et al. Page 12

Vasc Med. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gardner et al. Page 13

Table 1

Baseline clinical characteristics of each group.

Variables Attention-Control Group (n=60) Supervised Exercise 
Group (n=60)

Home Exercise Group 
(n=60)

 Mean (SD)

Age (years) 65 (9) 65 (11) 67 (10)

Weight (kg) 82.9 (17.0) 81.9 (19.9) 82.7 (18.5)

Body Mass Index (kg/m2) 29.0 (6.1) 29.3 (6.7) 29.0 (5.7)

Ankle/Brachial Index 0.74 (0.21) 0.68 (0.25) 0.68 (0.24)

 Number (Percentage %) with Characteristics

Sex (% Men) 36 (60) 29 (48) 30 (50)

Race (% Caucasian) 35 (58) 31 (52) 37 (62)

Current Smoking (% yes) 25 (42) 22(37) 21 (35)

Hypertension (% yes) 50 (83) 54 (90) 53 (88)

Dyslipidemia (% yes) 52 (87) 53 (88) 56 (93)

Diabetes (% yes) 22 (37) 29 (48) 24 (40)

Metabolic Syndrome (% yes) 45 (75) 49 (82) 51 (85)

Abdominal Obesity (% yes) 29 (48) 33 (55) 33 (55)

Obesity (% yes) 24 (40) 25 (42) 26 (43)

Lower Extremity Revascularization (% yes) 16 (27) 19 (32) 22 (37)

Coronary Artery Disease (% yes) 17 (28) 18 (30) 21 (35)

Cerebrovascular Disease (% yes) 6 (10) 7 (12) 15 (25)

Chronic Kidney Disease (% yes) 14 (24) 11 (18) 21 (36)

Chronic Obstructive Pulmonary Disease (% yes) 14 (23) 22 (37) 14 (23)
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Table 2

Group change scores (mean, SD) of outcome measures following three months of intervention.

Variables Attention-Control Group 
(n= 51)

Supervised Exercise Group (n= 
52 )

Home Exercise Group (n=53 )

Claudication Onset Time (sec) 15 (149) 174 (194) ‡ 102 (176) ‡

Peak Walking Time (sec) 16 (171) 196 (207) ‡ 104 (208) ‡

Peak Oxygen Uptake (ml/kg/min) −0.4 (2.3) 0.4 (2.0) 0.3 (2.2)

6-Minute Walk Pain-Free Distance (m) 36 (132) 46 (81) ‡ 64 (110) ‡

6-Minute Walk Distance (m) 4 (45) 18 (49) * 59 (66) ‡

WIQ Distance Score (%) 5 (31) 9 (25) * 11 (26) †

WIQ Speed Score (%) 7 (25) 8 (18) † 10 (23) †

WIQ Stair Climbing Score (%) 4 (29) 12 (29) † 9 (25) †

Physical Function Score (%) 4 (17) 10 (17) ‡ 9 (16) ‡

*
Change score significantly different than zero (p < 0.05),

†
(p < 0.01),

‡
(p < 0.001).

WIQ = walking impairment questionnaire.
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Table 4

Anchor-based method to calculate minimal clinically important difference (MCID) for small, moderate, and 

large changes following three months of exercise intervention.

Variables Small MCID (+5% change)* Moderate MCID (+25% 
change)*

Large MCID (+40% change)*

Claudication Onset Time (sec) 73 120 101

Peak Walking Time (sec) 121 141 241

Peak Oxygen Uptake (ml/kg/min) 0.6 1.4 0.8

6-Minute Walk Pain-Free Distance (m) 24 72 114

6-Minute Walk Distance (m) 12 32 34

WIQ Distance Score (%) 5 15 42

WIQ Speed Score (%) 2 11 37

WIQ Stair Climbing Score (%) 12 35 41

*
Change in the physical function score.

Data are pooled from the supervised and home-based exercise programs.

WIQ = walking impairment questionnaire.
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Table 5

Patients needed per exercise group for 80% power in a between-group comparison with non-exercise control 

group for three months of intervention.

Groups/Variables Group Sample Size Required 
for Small MCID

Group Sample Size Required 
for Moderate MCID

Group Sample Size Required 
for Large MCID

 Supervised Exercise Group

Claudication Onset Time 291 48 20

Peak Walking Time 318 52 21

Peak Oxygen Uptake 442 71 29

6-Minute Walk Pain-Free Distance 575 93 37

6-Minute Walk Distance 358 59 24

WIQ Distance Score 467 76 31

WIQ Speed Score 516 84 34

WIQ Stair Climbing Score 394 64 26

Physical Function Score 392 64 26

 Home Exercise Group

Claudication Onset Time 328 54 22

Peak Walking Time 316 52 21

Peak Oxygen Uptake 404 67 27

6-Minute Walk Pain-Free Distance 463 75 30

6-Minute Walk Distance 251 41 17

WIQ Distance Score 466 76 31

WIQ Speed Score 437 71 29

WIQ Stair Climbing Score 463 75 30

Physical Function Score 418 68 28

MCID = minimal clinically important difference, WIQ = walking impairment questionnaire.
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