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ABSTRACT 
Objective: Supervised exercise therapy (SET) is a first-line treatment for patients with 
peripheral artery disease (PAD). The efficacy of SET is most commonly expressed by 
significant statistical improvement of parameters that do not clarify how each individual 
patient will benefit from SET. This study examined the minimal clinically important 
difference (MCID) in walking speed in claudicating patients with PAD after SET. 
Methods: A total of 63 patients with PAD-related claudication (Fontaine stage II PAD) 
participated in a 6-month SET program. Self-selected walking speed was measured 
before and after SET. Distribution and anchor-based approaches were used to 
estimate the MCID for small and substantial improvement. The ability to walk one block 
and the ability to climb one flight of stairs questions were chosen as anchor questions 
from the Medical Outcomes Study 36-item Short Form questionnaire. Receiver 
operating characteristics curve analyses were performed to detect the threshold for 
MCID in walking speed after treatment. 
Results: The distribution-based method estimated 0.03 m/s as a small improvement 
and 0.08 m/s as a substantial improvement after SET. Small and substantial 
improvements according to the anchor question walking one block were 0.05 m/s and 

http://www.jvascsurg.org/
http://www.jvascsurg.org/cme/home
mailto:education@vascularsociety.org


0.15 m/s, respectively. For the climbing one flight of stairs anchor question, 0.10 m/s 
was a small improvement. Receiver operating characteristics curve analyses identified 
an increase of 0.04 m/s and 0.03 m/s for improvement based on walking one block and 
climbing one flight of stairs, respectively. 
Conclusions: We report our findings for the MCID for walking speed among 
claudicating patients receiving SET. Claudicating patients who increase walking speed 
of 0.03 m/s or greater are more likely to experience a meaningful improvement in 
walking impairment than those who do not. The MCID reported in this study can serve 
as a benchmark for clinicians to develop goals and interpret clinically meaningful 
progress in the care of claudicating patients with PAD. (J Vasc Surg 2021;74:1987-95.) 
 

Keywords:  
Minimal clinically important difference; Walking speed; Peripheral artery disease; Supervised 
exercise therapy 

 
 

 
 

 

 

 

 

 



 

 

Supervised exercise therapy (SET) is a first-line treatment for patients with peripheral artery 
disease (PAD)- related claudication, leading to a significant improvement in the distance patients 
can walk and in quality of life.1-6 SET outcomes are usually expressed as statistical comparisons of 
parameters in quality-of-life questionnaires, walking distances, and gait biomechanics obtained 
before and after treatment. However, these comparisons often fail to convey the relevance of the 
degree of change to patients. 

The minimal clinically important difference (MCID) rep- resents the smallest change in an 
outcome measurement that is significant and relevant to patients.7-9 The MCID seeks to express the 
criteria for clinically relevant improvement, deterioration, or lack of change owing to a disease or 
intervention rather than just state the presence or absence of a statistically significant difference. 
The concept of MCID was first introduced by Jaeschke et al7 to identify the change in quality of 
life that would result in a clinically relevant change in individuals with asthma. Since then, the MCID 
concept has been used for several clinical populations and interventions including those with 
neurologic, cardiovascular, pulmonary, musculoskeletal and degenerative diseases.10 

Studies that measured the MCID for patient-reported outcomes, claudication distances, and 
walking parameters in patients with PAD are limited.8 Previous studies found an increase of 0.87 
points in the Vascular Quality of Life and 0.11 points in the Walking Impairment Questionnaire 
indicative of a significant improvement after revascularization in patients with intermittent 
claudication and critical limb ischemia.11-14 Gardner et al8 re- ported MCIDs of 38 seconds, 95 
seconds, and 152 seconds, respectively, for small, moderate, and large improvements in peak 
walking time after the completion of a SET program. There are limitations of using quality-of-life 
questionnaires to assess physical function15; measurements of walking distance with a tread- mill 
are technically demanding, limited to vascular laboratories, and are not practical to complete in a 
clinical setting.16 Walking speed is a relatively quick and easy test that requires minimal equipment 
(stopwatch and known distance) and can be measured in nearly every environment. For these 
reasons, walking speed is a more generalizable test for which there are established threshold values 
for daily activities, such as the ability to cross the street, successful community ambulation, ability to 
carry groceries, and ability to do household activities.10 Hence, expressing the MCID in terms of 
walking speed can be a helpful tool to assess whether a treatment improves the ability to perform 
activities of daily living while allowing comparisons across clinical populations and treatments.9,17-22 

This study estimated the MCID in walking speed in patients with PAD after SET. The 
MCID values were measured by using both distribution and anchor-based methods. Receiver 
operating characteristics (ROC) curves were also constructed to identify the increase in walking 
speed that signifies any improvement after SET. 
 
METHODS 
Participants and SET protocol.  

The study was approved by the Institutional Review Boards at the Nebraska- Western 
Iowa Veteran Affairs Medical Center and University of Nebraska Medical Center. A total of 63 
patients (mean age, 64.95 6 6.60 years; body mass index, 29.24 6 5.70 kg/m2) diagnosed with 
Fontaine stage II PAD were recruited through the vascular surgery clinics of these institutions. 
Patients’ had not previously participated in any SET program or any revascularization treatments 
before enrollment into this study. Patient consent was obtained before study participation. 
Patients were free from any gait-altering musculoskeletal or neurologic conditions that limited or 
altered walking. Patient history and physical examination were evaluated by one of two board-



 

certified vascular surgeons. The demographics and clinical characteristics of patients were 
reported in Table I. 

Each patient participated in a 6-month, three times per week (total of 72 sessions) SET 
program that followed the American College of Sports Medicine recommendations in line with 
previous studies that best increase walking distances.23,24 The detailed SET protocol used in 
this study has been described previously.1 
 
Experimental procedures and data collection.  

Self- selected walking speed was assessed as part of a larger gait biomechanics 
assessment at the Biomechanics Research Building at the University of Nebraska at Omaha. 
Each patient was evaluated twice: (1) before (baseline) and after 6-month (postexercise) 
participation in SET. A reflective marker was placed at the heel of the leg most affected with 
PAD based on ankle brachial index and claudication symptoms. Patients walked across a 10-m 
pathway for at least three trials and the coordinates of the marker were recorded using a 12 high- 
speed infrared camera system (60 Hz, Motion Analysis Corporation, Rohnert Park, Calif). A 
minimum mandatory rest of 1 minute was taken between each trial to prevent the onset of 
claudication pain. Walking speed was calculated as the average distance traveled per second 
measured based on the reflective marker and averaged across three trials.25,26

 
Table I. Patient demographics and clinical characteristics 

 

 
Characteristics 

Mean 6 standard deviation or 
percent 

No. of patients 63 

Male 100 

Age, years 64.95 6 6.60 

Body mass index, kg/m2 29.24 6 5.70 

Ankle brachial index 0.50 6 0.17 

Level of disease 

Aortoiliac 20.93 

Femoropopliteal 30.23 

Multilevel 48.84 

Smoking 

Current 61.82 

Former 34.55 

Never 3.63 

Coronary artery disease 33.93 

Diabetes 28.57 

Dyslipidemia 63.64 

Hypertension 71.70 

 

MCID calculation. MCID in walking speed was calculated using both distribution and anchor-
based methods. The distribution-based method uses the standard deviation of the walking speed to 
assess the meaningful difference. Thus, this method is influenced by the group variation in walking 
speed at baseline. In contrast, the anchor-based method is considered a more robust approach to 
estimate MCID.9 The anchor-based method correlates the quantitative change in walking speed 
after the disease or intervention with a measured change in function, for example, self-selected 
mobility response from individuals on questionnaires.17 This method provides a more standard 
clinical assessment as it uses the individual’s perceived change as the reference for the change in 



 

 

the desired outcome variables.27
 

Distribution-based method. The standard deviation of the baseline walking speed was used to 
measure the meaningful differences according to the distribution method.  A small improvement 
was computed as 0.2 x s, and a substantial improvement was computed as 0.5 x s, and s is the 
standard deviation of the group mean baseline walking speed.17,27 

 
Anchor-based method. Patient-reported outcomes were measured using the Medical 

Outcomes Study 36- item Short Form questionnaire (SF-36). Previous studies considered two 
mobility items from the SF-36 as anchor questions to calculate MCID for walking speed: (1) the 
ability to walk one block and (2) the ability to climb one flight of stairs.17,27 Self-reported difficulty 
during walking a short distance or walking upstairs is often used as a definition of mobility disability 
and walking speed is an important predictor of this outcome.17 Therefore, this study used these two 
questions as the anchor questions to calculate MCID. 

Participants rated their ability as limited a lot, limited a little, and not limited at all while answering 
the two anchor questions. Participants were then categorized into groups based on their responses 
to the anchor questions at baseline and after exercise (substantial improvement, small 
improvement, no change, small decline, and substantial decline). Substantial improvement was 
defined as change from limited a lot to not limited at all. Small improvement was defined as change 
from limited a lot to limited a little, or from limited a little to not limited at all. Some participants also 
reported no change, or declined performance (changed from not limited at all to limited a little, from 
limited a little to limited a lot, and from not limited at all to limited a lot). Those participants were 
excluded from anchor-based analysis because we wanted to focus only on improvements in 
walking speed after SET. 

Two approaches were used for the anchor-based method. First, we used descriptive statistics to 
calculate MCID for walking speed. Small MCID was estimated as the mean change in walking 
speed between postexercise and baseline of the patients who were in the small improvement 
group according to the anchor question (as defined elsewhere in this article). Similarly, substantial 
MCID was calculated as the mean change in walking speed between postexercise and baseline of 
the patients who reported substantial improvement according to the anchor question. This process 
was followed separately for each anchor question. 

 
Table II. Results of two anchor questions from the Short Form (SF)-36 Health survey before and after 6 
months of super- vised exercise therapy (SET) 

Walking one block Climbing one flight of stairs 

Conditions Baseline After exercise Bas eline  After exercise 

Yes, limited a lot 15 (23.8) 6 (9.5) 9 (14.3)  7 (11.1) 

Yes, limited a little 31 (49.2) 26 (41.3) 35 (55.6)  27 (42.9) 

Not limited at all 17 (27.0) 31 (49.2) 19 (30.1)  29 (46.0) 

Total 63 (100) 63 (100) 63 (100)  63 (100) 

Values are presented as number of patients (% of patients/response). 

 

 



 

Table III. Change in patient reported outcomes after 6 months of supervised exercise therapy (SET) 
according to the Short Form (SF)-36 Health Survey anchor questions 

Substantial 
decline 

 
Small decline 

 
No change 

Small 
improvement 

Substantial 
improvement 

 
Total 

Walking one block 1 (1.6) 7 (11.1) 27 (42.9) 24 (38.1) 4 (6.3) 63 (100) 

Climbing one flight of stairs 2 (3.2) 6 (9.5) 35 (55.6) 18 (28.5) 2 (3.2) 63 (100) 

Substantial decline/improvement was defined as change from not limited at all to limited a lot and vice versa. Small decline/improvement was 
defined as a change from limited a little to limited a lot, or from not limited at all to limited a little and vice versa. Values are presented as number of 
patients (% of patients/group). 

 
 

Second, a ROC curve was used to estimate the threshold walking speed to predict 
improvement after SET. For the ROC analysis, the response to the anchor question was 
expressed as two dichotomous outcomes variables: any improvement (including small and 
substantial) vs no change. The participants who reported their conditions as declining (small 
and substantial) were excluded from ROC analysis because our aim was to determine the 
threshold walking speed for any improvement as compared with no improvement. The 
sensitivity represents the proportion of the patients who were correctly classified as showing 
improvement after exercise therapy. Sensitivity was plotted along the y-axis in the ROC graph. 
The x-axis of the ROC graph was expressed as 1 e specificity, representing the proportion of the 
patients who were incorrectly classified as showing improvement. A cut-point in the ROC curve 
(ie, the threshold walking speed), was chosen from the minimal value of the equation (1 e 
sensitivity)2 þ (1 e specificity).2,17,28 The positive predictive value was calculated using data from 
patients who met the threshold walking speed (ie, were predicted to respond), by dividing the 
number who actually responded by the total number of patients who were predicted to respond. 
In contrast, the negative predictive value was calculated using data from patients who did not meet 
the threshold walking speed (ie, were predicted to be nonresponders), by dividing the number who 
were actual nonresponders by the total number of patients who were predicted to be 
nonresponders. Positive likelihood ratio was estimated by dividing sensitivity by 1 e specificity. All 
analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC). 
 
RESULTS 

Distribution-based MCID. The average walking speed of all patients at baseline was 1.11 
6 0.15 m/s. Walking speed increased to an average of 1.16 6 0.16 m/s after 6 months of SET 
(4.5% improvement; P < .001). Based on the standard deviation of walking speed at baseline 
(0.15), the distribution-based method estimated a change of 0.03 m/s for small improvement and 
0.08 m/s for substantial improvement after SET. 

Anchor-based MCID. Fifteen patients (23.8%) were substantially limited in walking one block 
and this decreased to only six patients (9.5%) after SET (Table II). In contrast, the number of 
patients who were able to walk one block without any limitation increased from 17 (27%) to 31 
(49.2%) after 6 months of SET. A similar pattern was observed for the question regarding 
climbing one flight of stairs. Initially, 19 patients (30.1%) were able to climb one flight of stairs 
without any limitation at baseline. After 6 months of SET, 29 patients (46%) answered that they 
could climb one flight of stairs without any limitation (Table II). 

 

 

 



 

 

Table IV. Anchor-based minimal clinically important difference (MCID) in walking one block and 
climbing one flight of stairs after 6 months of supervised exercise therapy (SET) 

No change Small improvement Substantial improvement 

Walking one block 0.03 (e0.01 to 0.06)  0.05 (0.01 to 0.10) 0.15 (e0.05 to 0.34) 

Climbing one flight of stairs 0.03 (e0.002 to 0.06)  0.10 (0.05 to 0.15) e0.02 (e1.85 to 1.82) 

Values are presented as mean (95% confidence interval). 

 

Only eight patients (12.7%) reported declines in walking one block and climbing one flight of stairs 
after 6 months of SET (Table III). Twenty-seven (42.9%) and 35 (55.6%) patients reported no changes 
in walking one block and climbing one flight of stairs, respectively, after SET. A total of 24 patients 
(38.1%) had a small improvement and 4 patients (6.3%) had a substantial improvement in walking 
one block. In contrast, for climbing one flight of stairs, 18 patients (28.5%) showed a small 
improvement and only 2 patients (3.2%) had a substantial improvement after SET (Table III). 

The patients who reported no change in walking one block had an average 0.03 m/s increase in 
walking speed (Table IV). The patients who had a small improvement after SET showed an increase 
of 0.05 m/s in walking speed. A greater improvement in walking speed, 0.15 m/s, was observed for 
patients having substantial improvement in walking one block. Surprisingly, the average walking 
speed increased by 0.04 m/s for the small decline group. The only patient who reported substantial 
decline in walking one block had also increased walking speed (0.14 m/s). For the anchor question 
regarding climbing one flight of stairs, an improvement of 0.03 m/s was detected for patients who 
had no change after SET. Walking speed increased by an average of 0.10 m/s in patients reporting a 
small improvement. Surprisingly, the walking speed decreased by 0.02 m/s for patients who 
reported substantial improvement, although there were only two patients in this group (Table IV). 
However, the six patients who reported a small decline according to the climbing one flight of stairs 
anchor question decreased their average walking speed by 0.01 m/s after SET. The average walking 
speed increased by 0.09 m/s for those two patients who had substantial declined ac- cording to the 
climbing one flight of stairs question. 

The ROC curve analysis.  

The threshold change in walking speed that maximized the sensitivity and specificity in the 
ROC curve for patients who reported improvement in walking one block after SET was 0.04 
m/s (Fig 1). The corresponding sensitivity and specificity were 57.1% and 44.4%, respectively. The 
positive predictive value was 0.52 and the negative predictive value was 0.50 with a positive 
likelihood ratio of 1.03. The area under the ROC curve was 0.58. In contrast, the threshold walking 
speed to signify improvement in climbing one flight of stairs was identified as 0.03 m/s with 80.0% 
sensitivity and 48.6% specificity (Fig 2). This yields a positive likelihood ratio of 1.56. The positive and 
negative predictive values were 0.47 and 0.81 m respectively. The area under the curve was found 
to be 0.65. 

 



 

 

 
 

Fig 1. Receiver operating characteristic (ROC) curve to predict change (small or substantial vs no change) in the ability to walk one 
block after 6 months of supervised exercise therapy (SET) in patients with peripheral artery disease (PAD). Threshold change in 
walking speed was 0.04 m/s (sensitivity = 57.1%; specificity = 44.4%; positive likelihood ratio = 1.03; and area under the ROC curve = 
0.58). The proportion of patients with any improvement in walking one block among those among those who met the threshold 
walking speed was 0.52, and the proportion of patients who did not improve among those who did not meet the threshold walking 
speed was 0.50. 
 
 

 
 

Fig 2. Receiver operating characteristic (ROC) curve to predict change (small or substantial vs no change) in the ability to climb one 
flight of stairs after 6 months of supervised exercise therapy (SET) in patients with peripheral artery disease (PAD). The threshold 
change in walking speed was 0.03 m/s (sensitivity = 80%; specificity = 48.6%; positive likelihood ratio = 1.56; and area under the 
ROC curve = 0.65). The proportion of patients with any improvement in climbing one flight of stairs among those who met the 
threshold walking speed was 0.47 and the proportion of patients who did not improve among those who did not meet the threshold 
walking speed was 0.81. 
 
 
 



 

 

DISCUSSION 
The purpose of this study was to estimate the MCID in walking speed after SET in patients with 

PAD. Both distribution and anchor-based methods were used, including the ROC curve analysis to 
estimate the walking speed that is relevant and predicts meaningful improvement of individual 
patients. The distribution-based method results suggest that an increase in walking speed of 
0.03 m/s after SET predicts a small improvement and an increase of 0.08 m/s predicts a 
substantial improvement. The anchor-based method estimates resulted in greater increases of 
walking speed needed to demonstrate similar improvements. Increases in walking speed for small 
and substantial improvements were 0.05 m/s and 0.15 m/s, respectively, according to the walking 
one block anchor question. Similarly, for the anchor question of climbing one flight of stairs, an 
estimate of 0.10 m/s was indicative of a small improvement. We were not able to dependably 
calculate the walking speed that predicts a substantial improvement according to the climbing one 
flight of stairs question (e0.02 m/s) because we had only two such patients. A relatively large 
decline in one patient and a smaller in- crease in the other caused the overall change in walking 
speed to be negative (-0.02 m/s) for substantial improvement. We excluded the patients from the 
analysis who did not improve or showed deterioration based on the two anchor questions. Our 
primary objective was to estimate the MCID for walking speed improvement after SET using 
previously described method.17 Looking at two patients whose walking speed increased although 
they had a substantial decline according to the climbing one flight of stairs question, we found that 
one of the patients was the same who also reported a substantial decline in walking one block. 
This patient reported him- self as substantial declined for both anchor questions (changed from not 
limited at all to limited a lot), although his walking speed actually increased by 0.14 m/s after 
6 months in the SET program. This outcome demonstrates the challenges involved in using the 
anchor-based method when correlating the quantitative measurement with self-reported 
questionnaires with mobility limitations.17 A previous study also suggests that using the self-report to 
validate performance measures such as walking speed is useful, but the limitations of self-reported 
questionnaires continue to be of central importance.17 Future work with a greater number of 
patients who reported small and substantial declines and substantial improvement with a different 
set of anchor questions may provide further insight. 

Previous work has reported the MCID values for walking speed in different clinical 
populations for several interventions. Walking speed changes ranged from 0.10 m/s to 0.17 m/s 
for small and 0.17 m/s to 0.26 m/s for substantial improvements after surgical repair of hip 
fracture.17 The MCID in patients with chronic obstructive pulmonary disease ranged from 0.08 m/s 
to 0.11 m/s after 8 weeks of pulmonary rehabilitation.21 The clinically meaningful important 
difference in walking speed among persons with Parkinson disease while on anti-Parkinsonian 
medication ranged from 0.05 m/s to 0.22 m/s by the distribution-based method and ranged from 
0.02 m/s to 0.18 m/s when estimated by the anchor-based method.22 Therefore, our estimated 
MCID values for walking speed in patients with PAD after SET are comparable with those 
demonstrated in other clinical populations and in a variety of clinical settings and interventions. 
The ROC curve analyses in the present study suggest that the walking speed improvements 

that predict meaningful improvement after SET were 0.04 m/s and 0.03 m/s for walking one 
block and climbing one flight of stairs, respectively. The area under the ROC curves ranges from 
0.58 to 0.65 showing a marginal discrimination.29 A review article summarizing the MCID 
estimated by ROC analyses from seven different studies has re- ported that area under the 
curve ranged from 0.53 to 0.91.30 Only three of seven reported studies reported area under 



 

the curve values exceeding 0.70.30 Although the measurement of walking speed is simple and 
pro- vides useful information regarding patient health status, based on the ROC results, walking 
speed has a marginal ability to distinguish patient improvement after an intervention. It may be 
interesting to analyze the ROC curves by exploring additional or multiple anchor questions to 
see how the area under the curve values for ROC curves are impacted. If the participants do not 
improve walking speed after the intervention, MCID values for quality of life may be considered 
as an alternate to predict the efficacy of intervention. However, quality-of-life questionnaires 
only considers the participant’s own perception, whereas walking speed provides a quantitative 
outcome and an objective measurement of the intervention. 

The average walking speed of the patients with claudication in this study was 1.11 m/s, which 
is less than the normal walking speed observed in age-matched healthy adults (1.32-1.36 m/s).26,31 
Looking at other clinical populations, the walking speed in patients with hip fracture after successful 
fixation and repair ranged from 0.36 m/s to 0.66 m/s.17,18 The walking speed in stroke patients ranged 
from 0.18 m/s to 0.56 m/s.9,20 The average walking speed in patients with chronic obstructive 
pulmonary disease, Parkinson disease, multiple sclerosis, and very mild Alzheimer disease (clinical 
dementia rating of 0.5 or 1.0) were 0.90 m/s, 0.98 m/s, 1.3 m/s, and 1.21 m/s, respectively.21,22,32,33 
The average walking speed in patients with incomplete spinal cord injury (both traumatic and 
nontraumatic) varies from 1.25 m/s to 1.39 m/s based on the time when walking speed was 
measured after injury.34 Thus, on average, claudicating patients with PAD have higher walking 
speeds than patients with hip fracture, stroke, chronic obstructive pulmonary disease, and 
Parkinson disease, but lower walking speeds than patients with multiple sclerosis, mild Alzheimer 
disease, and incomplete spinal cord injury. 

Previous studies from our group and others have re- ported significant improvement in quality 
of life and walking distances in patients with PAD after SET.1-6 Our findings also show that walking 
speed significantly improved by an overall average of 4.5% from baseline. We found that the 
walking speed significantly improved by 0.05 m/s in patients with PAD after a 6-month SET 
program. To put this finding in the context of improvements in speed after intervention in different 
clinical set- tings, walking speed improved by 0.08 m/s in patients with chronic obstructive 
pulmonary disease after 8 weeks of pulmonary rehabilitation21 and by 0.18 m/s after total hip 
arthroplasty19; patients with repaired hip fracture had also improved walking speed by 0.16 m/after 
following an exercise program with average duration of 10 months.17 Our results suggest that an 
overall increase of 0.03 to 0.10 m/s is seen in patients enjoying a small improvement and 0.08 to 
0.15 m/s for substantial improvement after SET. This level of improvement would correspond with a 
1-mile walking time that is between 101 and 189 seconds faster. 

Previous studies have measured the minimally important differences in patients with PAD 
with critical limb ischemia and intermittent claudication following different treatment methods. Most 
of these measurements were limited to patient-reported outcomes, claudication time, and 
claudication distances. The minimally important differences in Vascular Quality of Life 
questionnaire after revascularization treatment in patients with critical limb ischemia are 0.48 
and 0.36 points based on the distribution and anchor-based methods, respectively.11 Conijn et al12 
reported an increase of 0.87 in the Vascular Quality of Life and 0.11 in the Walking Impairment 
Questionnaire in patients with intermittent claudication as indicative of a significant and meaningful 
improvement after treatment (optimal medical therapy, revascularization, or SET). Another study 
suggested an improvement range of 1.7 to 2.2 points on the Vascular Quality of Life questionnaire 
as the minimum important difference in patients with intermittent claudication 1 year after 



 

 

revascularization.14 A study by Van Den Houten et al35 also reported the functional and absolute 
claudication distances that signify improvement as 250 m and 305 m, respectively, after 3 months 
of SET.35 Gardner et al8 estimated MCID values of 38 seconds, 95 seconds, and 152 seconds 
for small, moderate, and large improvements, respectively, in peak walking time. Furthermore, the 
6-minute walk distance for small, moderate, and large MCID were 9 m, 24 m, and 38 m, 
respectively.8 Our current study adds the MCID values of walking speed that signify small and 
substantial improvements after SET to the existing literature. 
The measurement of walking speed is simple, inexpensive, and can be implemented easily in a 

clinical setting. We used a reflective marker placed in the heel to calculate the walking 
speed; however, several wearable technologies and inertial measurement units are being used 
to measure walking speed.36 A smart phone app called 6th Vital Sign has been developed 
that can directly measure the walking speed from a 2-minute walk test.37 The smartphone-based 
assessment of gait parameters such as step length, step time, and walking speed are reliable 
and valid.38 Therefore, several wearable technologies are available to measure walking speed 
accurately in a clinical setting.36 Walking speed is an outcome of the complex interplay of several 
body structures and their functions, including proactive and reactive postural control, lower 
extremity muscle strength, aerobic capacity, motor control, and visual effects.10 Walking speed 
can be a significant indicator of functional recovery or deterioration and has been emerging 
as a sixth vital sign in health care.10 Walking speed is a more generalizable test and is 
used to establish threshold values for several daily activities such as the ability to cross the street, 
successfully ambulate in the community, the ability to carry groceries, and the ability to perform 
house- hold activities.10 Establishing improvement ranges based on walking speed could also lay 
the ground- work for using walking speed from wearable devices to monitor PAD progression 
and treatment progress in real-world environments. On the basis of this progressively increasing 
literature, walking speed is now considered a global indicator of overall health and functional 
s t a t u s  e s p e c i a l l y  i n  o l d e r  p o p u l a t i o n s  with or without chronic diseases and is being 
commonly used as a key reference to estimate the efficacy of a treatment.18 
Comparing the outcomes before and after any type of treatment statistically, sample size, and 

patient-to- patient individual performance variability can prevent meaningful differences from 
reaching statistical significance.22 Alternatively, very large sample sizes that include small 
differences after a treatment can lead to statistically significant differences that have little 
practical meaning or impact on patient quality of life.39 In both situations, the efficacy of an 
intervention is more meaningfully interpreted by comparing the outcomes with established 
parameters of clinically important and significant improvements,22,27 such as the MCID for 
walking speed. 
There are limitations to this study. First, the majority of our participants were White males with 

claudication and the MCID estimation for walking speed may need to be evaluated for different 
demographics. Second, the number of patients we evaluated, in combination with the anchor 
questions we selected, produced a small number of patients in the substantial improvement 
groups. We also excluded the patients from the anchor-based analyses who did not improve or 
showed declined performance based on the two anchor questions. Increasing the number of 
patients evaluated and selecting additional anchor questions may further improve the process of 
estimating the MCID for treatment of patients with PAD-related claudication. 

CONCLUSIONS 
We measured the MCID values of change in walking speed that indicate small and substantial 



 

improvements in claudicating patients with PAD after SET. Our data indicate that the clinically 
important difference in walking speed among claudicating patients ranged from 0.03 m/s to 0.08 
m/s by distribution-based analysis and ranged from 0.03 m/s to 0.15 m/s per level based on anchor-
based metrics. The MCID reported in this study can serve as a benchmark for clinicians to develop 
goals and interpret clinically meaningful progress in the care of claudicating patients with PAD. 
 
The authors thank Mahdi Hassan for his assistance in data collection and Cody Anderson for his 

assistance in calculating the walking speed. 
 
AUTHOR CONTRIBUTIONS 
Conception and design: HR, IP, JJ, GC, MW, SM Analysis and interpretation: HR, IP, JJ, GC, JT, 
YO, SM Data collection: MW, SM 
Writing the article: HR, IP, SM 
Critical revision of the article: HR, IP, JJ, GC, MW, JT, YO, SMFinal approval of the article: HR, IP, 

JJ, GC, MW, JT, YO, SM 
Statistical analysis: HR  
Obtained funding: IP, JJ, SM Overall responsibility: HR 

 
Supported by grants from the National Institute of Health (R01AG034995, R01HD090333, 
R01AG049868), United States Department of Veterans Affairs Rehabilitation Research and 
Development Service (I01RX000604, I01RX003266), and the National Aeronautics and Space 
Administration (NASA) Nebraska Space Grant. 
 
Author conflict of interest: none. 
 
The editors and reviewers of this article have no relevant financial relationships to disclose per the JVS 
policy that requires reviewers to decline review of any manuscript for which they may have a conflict 
of interest. https://doi.org/10.1016/j.jvs.2021.04.069  
 
 
REFERENCES 

1. Schieber MN, Pipinos II, Johanning JM, Casale GP, Williams MA, DeSpiegelaere HK, et al. 
Supervised walking exercise therapy im- proves gait biomechanics in patients with 
peripheral artery disease. J Vasc Surg 2020;71:575-83. 

2. Regensteiner JG, Steiner JF, Hiatt WR. Exercise training improves functional status in 
patients with peripheral arterial disease. J Vasc Surg 1996;23:104-15. 

3. Hiatt WR, Regensteiner JG, Hargarten ME, Wolfel EE, Brass EP. Benefit of exercise 
conditioning for patients with peripheral arterial disease. Circulation 1990;81:602-9. 

4. Patel K, Polonsky TS, Kibbe MR, Guralnik JM, Tian L, Ferrucci L, et al. Clinical 
characteristics and response to supervised exercise therapy in people with lower extremity 
peripheral artery disease. J Vasc Surg 2021;73:608-25. 

5. McDermott MM, Kibbe MR, Guralnik JM, Ferrucci L, Criqui MH, Domanchuk K, et al. 
Durability of benefits from supervised treadmill exercise in people with peripheral artery 
disease. JAHA 2019;8: e009380. 

6. Murphy TP, Cutlip DE, Regensteiner JG, Mohler ER 3rd, Cohen DJ, Reynolds MR, et al. 

https://doi.org/10.1016/j.jvs.2021.04.069
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref1
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref1
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref1
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref1
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref1
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref1
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref2
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref2
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref2
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref2
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref3
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref3
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref3
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref3
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref4
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref4
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref4
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref4
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref4
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref4
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref5
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref5
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref5
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref5
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref5
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref5
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref6
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref6


 

 

Supervised exercise, stent revascularization, or medical therapy for claudication due to 
aortoiliac peripheral artery disease: the CLEVER study. J Am Coll Cardiol 2015;65:999-
1009. 

7. Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the minimal 
clinically important difference. Control Clin Trials 1989;10:407-15. 

8. Gardner AW, Montgomery PS, Wang M. Minimal clinically important differences in 
treadmill, 6-minute walk, and patient-based outcomes following supervised and home-
based exercise in peripheral artery disease. Vasc Med 2018;23:349-57. 

9. Tilson JK, Sullivan KJ, Cen SY, Rose DK, Koradia CH, Azen SP, et al. Meaningful gait 
speed improvement during the first 60 days post-stroke: minimal clinically important 
difference. Phys Ther 2010;90: 196-208. 

10. Middleton A, Fritz SL, Lusardi M. Walking speed: the functional vital sign. J Aging Phys Act 
2015;23:314-22. 

11. Frans FA, Nieuwkerk PT, Met R, Bipat S, Legemate DA, Reekers JA, et al. Statistical or 
clinical improvement? Determining the minimally important difference for the vascular 
quality of life questionnaire in patients with critical limb ischemia. Eur J Vasc Endovasc 
Surg 2014;47:180-6. 

12. Conijn AP, Jonkers W, Rouwet EV, Vahl AC, Reekers JA, Koelemay MJW. Introducing 
the concept of the minimally important difference to determine a clinically relevant change 
on patient- reported outcome measures in patients with intermittent claudication. 
Cardiovasc Intervent Radiol 2015;38:1112-8. 

13. Conijn AP, Bipat S, Reekers JA, Koelemay MJW. Determining the minimally important 
difference for the VascuQol sumscore and its domains in patients with intermittent 
claudication. Eur J Vasc Endovasc Surg 2016;51:550-6. 

14. Nordanstig J, Pettersson M, Morgan M, Falkenberg M, Kumlien C. Assessment of minimum 
important difference and substantial clinical benefit with the vascular quality of life 
questionnaire-6 when evaluating revascularisation procedures in peripheral arterial disease. 
Eur J Vasc Endovasc Surg 2017;54:340-7. 

15. 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. 

16. Le Faucheur A, Abraham P, Jaquinandi V, Bouyé P, Saumet JL, Noury-Desvaux B. 
Measurement of walking distance and speed in patients with peripheral arterial disease. 
Circulation 2008;117:897-904. 

17. Alley DE, Hicks GE, Shardell M, Hawkes W, Miller R, Craik RL, et al. Meaningful 
improvement in gait speed in hip fracture recovery. J Am Geriatr Soc 2011;59:1650-7. 

18. Palombaro K, Craik R, Mangione K, Tomlinson J. Determining meaningful changes in gait 
speed after hip fracture. Phys Ther 2006;86:809-16. 

19. Foucher KC. Identifying clinically meaningful benchmarks for gait improvement after total 
hip arthroplasty. J Orthop Res 2016;34:88-96. 

20. Fulk GD, Ludwig M, Dunning K, Golden S, Boyne P, West T. Estimating clinically important 
change in gait speed in people with stroke undergoing outpatient rehabilitation. J Neurol 
Phys Ther 2011;35:82-9. 

21. Kon SSC, Canavan JL, Nolan CM, Clark AL, Jones SE, Cullinan P, et al. The 4-metre gait 
speed in COPD: responsiveness and minimal clinically important difference. Eur Respir J 
2014;43:1298-305. 

http://refhub.elsevier.com/S0741-5214(21)00836-3/sref6
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref6
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref6
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref6
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref6
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref7
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref7
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref7
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref7
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref8
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref8
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref8
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref8
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref8
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref8
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref9
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref9
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref9
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref9
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref9
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref9
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref9
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref10
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref10
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref10
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref11
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref11
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref11
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref11
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref11
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref11
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref11
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref11
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref12
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref12
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref12
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref12
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref12
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref12
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref12
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref12
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref13
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref13
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref13
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref13
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref13
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref13
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref14
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref14
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref14
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref14
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref14
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref14
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref14
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref14
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref15
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref15
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref15
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref15
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref15
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref15
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref15
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref16
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref16
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref16
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref16
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref16
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref17
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref17
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref17
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref17
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref18
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref18
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref18
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref18
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref19
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref19
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref19
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref20
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref20
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref20
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref20
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref20
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref20
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref21
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref21
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref21
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref21
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref21


 

22. Hass CJ, Bishop M, Moscovich M, Stegemöller EL, Skinner J, Malaty IA, et al. Defining the 
clinically meaningful difference in gait speed in persons with Parkinson disease. J Neurol Phys 
Ther 2014;38:233-8. 

23. Regensteiner J, Hiatt W. Exercise in the management of peripheral artery disease. ACSM’s 
resource anual for guidelines for exercise testing and prescription. 4th ed. Philadelphia (PA): 
Lippincott Williams & Wilkins; 2001. 

24. American College of Sports M. ACSM’s guidelines for exercise testing and prescription. 9th ed. 
Philadelphia (PA): Lippincott Williams & Wilkins; 2013. 

25. Wurdeman SR, Koutakis P, Myers SA, Johanning JM, Pipinos II, Stergiou N. Patients with 
peripheral arterial disease exhibit reduced joint powers compared to velocity-matched 
controls. Gait Posture 2012;36:506-9. 

26. McCamley JD, Cutler EL, Schmid KK, Wurdeman SR, Johanning JM, Pipinos II, et al. Gait 
mechanics differences between healthy controls and patients with peripheral artery disease 
after adjusting for gait velocity, stride length, and step width. J Appl Biomech 2019;35:19-24. 

27. 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. 

28. Akobeng AK. Understanding diagnostic tests 3: receiver operating characteristic curves. Acta 
Paediatr Int J Paediatr 2007;96:644-7. 

29. Bruce SL, Wilkerson GB. Clinical prediction rules, part 1: conceptual overview. Athl Ther 
Today 2010;15:4-9. 

30. Bohannon RW, Glenney SS. Minimal clinically important difference for change in comfortable 
gait speed of adults with pathology: a systematic review. J Eval Clin Pract 2014;20:295-300. 

31. Bohannon RW. Comfortable and maximum walking speed of adults aged 20-79 years: 
reference values and determinants. Age Ageing 1997;26:15-9. 

32. Paltamaa J, Sarasoja T, Leskinen E, Wikström J, Mälkiä E. Measuring deterioration in 
international classification of functioning domains of people with multiple sclerosis who are 
ambulatory. Phys Ther 2008;88:176-90. 

33. Gras LZ, Kanaan SF, McDowd JM, Colgrove YM, Burns J, Pohl PS. Balance and gait of 
adults with very mild Alzheimer disease. J Geriatr Phys Ther 2015;38:1-7. 

34. Van Hedel HJA, Wirz M, Curt A. Improving walking assessment in subjects with an 
incomplete spinal cord injury: responsiveness. Spinal Cord 2006;44:352-6. 

35. Van Den Houten MML, Gommans LNM, Van Der Wees PJ, Teijink JAW. Minimally 
important difference of the absolute and functional claudication distance in patients with 
intermittent claudication. Eur J Vasc Endovasc Surg 2016;51:404-9. 

36. MejiaCruz Y, Franco J, Hainline G, Fritz S, Jiang Z, Caicedo JM, et al. Walking speed 
measurement technology: a review. Curr Geriatr Re- ports 2021;10:32-41. 

37. Morey MC, Ryan S, Kelly J, Liu C, Hawkins K, Schwartz K, et al. The 6th vital sign: A mobile 
app for population health surveillance of walking speed. Innov Aging 2017;1(Suppl 1):669. 

38. Silsupadol P, Teja K, Lugade V. Reliability and validity of a smartphone-based assessment of 
gait parameters across walking speed and smartphone locations: body, bag, belt, hand, and 
pocket. Gait Posture 2017;58:516-22. 

39. Lantz B. The large sample size fallacy. Scand J Caring Sci 2013;27: 487-92. 
 

 
 

The CME exam for this article can be accessed at http:// www.jvascsurg.org/cme/home. 

http://refhub.elsevier.com/S0741-5214(21)00836-3/sref22
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref22
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref22
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref22
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref22
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref22
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref23
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref23
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref23
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref23
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref23
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref23
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref24
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref24
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref24
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref24
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref25
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref25
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref25
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref25
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref25
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref25
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref26
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref26
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref26
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref26
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref26
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref26
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref27
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref27
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref27
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref27
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref28
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref28
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref28
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref29
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref29
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref29
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref30
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref30
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref30
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref30
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref31
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref31
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref31
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref31
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref32
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref32
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref32
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref32
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref32
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref32
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref32
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref33
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref33
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref33
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref33
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref34
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref34
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref34
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref34
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref35
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref35
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref35
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref35
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref35
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref35
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref36
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref36
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref36
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref36
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref37
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref37
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref37
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref37
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref38
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref38
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref38
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref38
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref38
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref38
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref39
http://refhub.elsevier.com/S0741-5214(21)00836-3/sref39
http://www.jvascsurg.org/cme/home
http://www.jvascsurg.org/cme/home

	Claudicating patients with peripheral artery disease have meaningful improvement in walking speed after supervised exercise therapy
	Authors

	CME Activity
	ABSTRACT
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	REFERENCES

