
Correlation of Patient-reported Symptom Outcomes and 
Treadmill Test Outcomes after Treatment for Aortoiliac 
Claudication

Timothy P. Murphy, MD, Matthew R. Reynolds, MD, David J. Cohen, MD, Judith G. 
Regensteiner, PhD, Joseph M. Massaro, PhD, Donald E. Cutlip, MD, Emile R. Mohler, MD, 
Joselyn Cerezo, MD, Niki C. Oldenburg, PhD, Claudia C. Thum, MS, Suzanne Goldberg, 
MSN, and Alan T. Hirsch, MD
Vascular Disease Research Center, Rhode Island Hospital, Gerry 337, 593 Eddy Street, 
Providence, RI 02903 (T.P.M., J.C.); Beth Israel Deaconess Medical Center (D.E.C., M.R.R.), 
Harvard Clinical Research Institute (M.R.R., D.E.C., C.C.T.), Boston University (J.M.M.), Boston, 
Massachusetts; University of Missouri-Kansas City, Kansas City, Missouri (D.J.C.); University of 
Colorado School of Medicine, Aurora, Colorado (J.G.R.); University of Pennsylvania, 
Philadelphia, Pennsylvania (E.R.M.); University of Minnesota Medical School, Minneapolis, 
Minnesota (N.C.O., A.T.H.); and National Heart, Lung and Blood Institute, Bethesda, Maryland 
(S.G.).

Abstract

Purpose—To examine the relationship between objective treadmill test outcomes and subjective 

symptom outcomes among patients with claudication treated with stent revascularization (ST) 

compared with supervised exercise (SE).

Materials and Methods—Five scales of the Peripheral Artery Questionnaire and Walking 

Impairment Questionnaire were correlated with peak walking time and treadmill claudication 

onset time.

Results—The correlation between change in disease-specific quality of life (QOL) and change in 

peak walking time differed according to treatment group, with statistically significant correlations 

for all five scales for the ST group and weaker trends for the SE group, only one of which was 

statistically significant. In contrast, improvements in disease-specific QOL correlated well with 

increases in claudication onset time, with no significant interaction with treatment group for any of 

the five scales.

Conclusions—Disease-specific QOL results at 6 months in the CLEVER (Claudication: 

Exercise Vs. Endoluminal Revascularization) study show that improved maximal treadmill 

walking in patients with claudication treated with SE correlated poorly with self-reported 

symptom relief. Conversely, patients treated with ST showed good correlation between improved 

maximal treadmill walking and self-reported symptom improvement. The correlation between 

claudication onset time and self-reported symptom relief was good across treatment groups. This 
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finding indicates that traditional objective treadmill test outcomes may not correlate well with 

symptom relief in patients with claudication. Future studies should investigate these data and 

improve understanding of patient relevance of traditional objective treadmill-based treatment 

outcomes.

Peripheral artery disease (PAD) accompanied by claudication is a common clinical 

syndrome, affecting 2 million Americans (1). PAD is a major public health challenge that is 

associated with poor quality of life (2) and high health economic cost (3), and PAD has been 

identified as one of the top 50 priorities for comparative effectiveness research by the 

Institute of Medicine (4). Claudication can be treated with pharmacotherapy, supervised 

exercise rehabilitation, or revascularization. Evidence-based claudication treatment 

guidelines call for treatment to reduce cardiovascular risk combined with treatments that 

improve limb symptoms. Both objective functional performance and quality of life (QOL) 

measures have traditionally been included as claudication treatment clinical trial endpoints.

Maximal treadmill walking, as measured by peak walking time (PWT) on a graded treadmill 

test, has often been considered to represent the “gold standard” endpoint for claudication 

studies (5). The claudication onset time (COT), or the time when claudication is first 

experienced during a treadmill test, can also serve as an objective measure of limb function 

for patients with PAD. There are many published studies of claudication treatment strategies 

that have reported treadmill test and QOL outcomes after treatment (2,6–12), some of which 

compared multiple invasive and noninvasive treatments (13–16). Most prior investigations 

have demonstrated that all claudication treatments, including supervised exercise (SE) and 

stent revascularization (ST), improve both treadmill walking and symptoms as measured by 

disease-specific QOL questionnaires. However, no published studies have examined the 

contribution of treadmill test improvement to symptom improvement across more than one 

relevant treatment group in a prospective, randomized population. Although on average 

populations that show improved treadmill walking after claudication therapies also have 

improvement in symptoms, whether these improved symptoms correlate with improved 

treadmill walking for individual patients has not been examined, especially in the setting of 

a randomized trial with invasive and noninvasive treatment groups. Such a trial would 

validate PWT as a universal functional and clinically relevant endpoint for claudication 

studies.

CLEVER (Claudication: Exercise Vs. Endoluminal Revascularization) study results at 6 

months showed that both SE and ST groups enjoyed benefits in treadmill and self-reported 

symptom outcomes but that subjects treated with SE had better improvement in PWT than 

other treatments, whereas subjects treated with ST had a greater improvement in disease-

specific QOL outcomes (ie, symptom-related outcomes) (17). We examined the correlation 

between improved treadmill performance and patient-reported, disease-specific symptom 

outcomes across treatment groups using 6-month data from the CLEVER study (17) to 

understand these discrepant outcomes better.
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MATERIALS AND METHODS

CLEVER Study Design

Details of the CLEVER study design (18) and its 6-month primary outcome results have 

been published (17). The CLEVER study is a single-blinded, multicenter randomized 

clinical trial that compares outcomes in individuals with aortoiliac PAD (with or without 

infrainguinal PAD) who were randomly assigned to optimal medical care (OMC) alone, SE 

plus OMC, or ST plus OMC. OMC consisted of advice about diet and home exercise, 

cilostazol medication, and medical risk factor modification (routine use of statins, blood 

pressure control, and smoking cessation). Data were analyzed according to intention-to-treat, 

and all participants for whom data were collected were included in these analyses. The 

CLEVER study was approved by the institutional review boards at all participating 

institutions and by the U.S. Food and Drug Administration and has been registered on 

www.clinicaltrials.gov since August 19, 2005 (ClinicalTrials.gov Identifier: 

NCT00132743).

Population

The CLEVER study population consisted of patients with moderate to severe claudication, 

defined as peak treadmill walking time of 2–11 minutes on a graded treadmill test (Gardner 

protocol) (18), who had documented hemodynamically significant aortoiliac artery PAD 

with or without infrainguinal arterial disease (17). There were 111 study participants 

enrolled who underwent an unbalanced 1:2:2 randomization, with 22 assigned to OMC, 43 

assigned to SE + OMC, and 46 assigned to ST + OMC. At baseline, the overall study 

population age was 64.0 years ± 9.5, 61.3% were male, 53.8% were current smokers, and 

23.1% had diabetes (17). Although there were no data on the status of infrainguinal runoff, 

the three groups had similar baseline demographics, including ankle-brachial indices 

(average 0.66 ± 0.2 in ST and SE participants), comparable treadmill-derived functional 

status, and ankle-brachial indices after treadmill testing. More men and more individuals 

with prior strokes were allocated to the SE group; however, patients with residual neurologic 

deficits that affected their walking were not eligible for the study. In the ST group, there was 

an increase in the average ankle-brachial index by 0.29 ± 0.33 compared with baseline, 

indicating the adequacy of the revascularization procedures (17).

Randomization and Interventions

OMC was prescribed for all participants (including participants in ST or SE) and consisted 

of prescribed use of cilostazol (Pletal; Otsuka America, Inc., San Francisco, California) 100 

mg by mouth twice daily as tolerated, a low-cholesterol diet, and best use of home exercise. 

In addition, ST participants underwent ST to relieve all hemodynamically significant 

stenoses (> 50% by diameter) in the aorta and iliac arteries using self-expanding or balloon-

expandable stents. SE participants received SE therapy in centers trained and certified to 

deliver this well-defined exercise intervention, which included three 1-hour sessions per 

week for 24 weeks. The initial treadmill exercise prescription was set at the grade and speed 

at which each subject reported moderate claudication during his or her baseline treadmill 

test. At each exercise therapy session, the patient was instructed to walk on the treadmill 

until he or she experienced moderate claudication, rest until claudication was relieved, and 
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repeat for the duration of the 1-hour sessions. Prescriptions for grade and speed were 

advanced when participants could walk at least 8 minutes without experiencing moderate 

claudication symptoms (19). All treatments were delivered (70% exercise compliance in the 

SE group, 90% use of cilostazol in all subjects, and successful revascularization achieved in 

all ST subjects who underwent attempted revascularization and were found to have 

significant aortoiliac disease) with no crossovers at the 6-month time point.

Endpoints Examined

Functional endpoints obtained at baseline and 6 months that were examined in this 

retrospective analysis include PWT and COT on a graded treadmill test using the Gardner 

protocol and community-based walking as assessed by pedometer measurements over 7 

consecutive days. Patient-reported outcomes for this study included two validated disease-

specific questionnaires—Walking Impairment Questionnaire (WIQ) (20) and Peripheral 

Artery Questionnaire (21) (PAQ)—and two generic QOL scales—SF-12 physical and SF-12 

mental. The WIQ includes four scales that assess patient perceptions about their pain 

severity, walking distance, walking speed, and ability to climb stairs using scores ranging 

from 0–100, with higher scores indicating less patient-perceived disability. The PAQ 

includes six scales—physical limitation, symptoms, QOL, social function, treatment 

satisfaction, and summary—and uses a similar 0–100 rating system. These questionnaires 

address patients’ perceptions about their limitations related to their claudication symptoms. 

For the PAQ, previous studies have suggested that a difference of 8 points be considered 

clinically significant (7); the minimum change in WIQ scores that might be clinically 

relevant has not been established. When comparing ST and SE QOL at 6 months, ST yielded 

significantly more improvement for 7 of the 12 QOL scales than SE (17), including WIQ 

pain severity, WIQ walking distance, WIQ walking speed, PAQ physical limitation, PAQ 

symptoms, PAQ QOL, and PAQ summary. For two of the remaining five scales (PAQ social 

limitation and PAQ treatment satisfaction), a trend in improvement was present favoring ST 

(P = .16 and P = .32). One disease-specific scale, stair climbing, was not significant (P = .

54), and two generic scales, SF-12 physical and SF-12 mental, were not significant (P = .96 

and P = .86) (17).

Statistical Methods

All patients randomly assigned were included in the analysis, consistent with intention-to-

treat. Because this analysis is retrospective and hypothesis-generating in nature and was 

done to understand better how ST achieved superior patient-perceived symptom-related 

outcome improvement whereas SE achieved greater improvement in peak treadmill walking, 

we performed multivariable regression analyses on the five scales of the WIQ and PAQ 

where the magnitude of the difference in improvement from baseline to 6 months between 

ST and SE was greatest—PAQ physical limitation, PAQ summary, PAQ symptoms, WIQ 

distance, and WIQ speed. Linear regressions were done for the change from baseline to 6 

months in each disease-specific QOL variable (dependent variable) versus change from 

baseline to 6 months in each functional variable (PWT, COT, community-based walking). 

We used change scores as opposed to absolute values because we believe they are more 

clinically relevant and inform treatment decisions better than absolute scores. Because the 

study is randomized, we expect a similar distribution of baseline scores in each treatment 
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group; absolute scores after treatment should reflect similar trends as change scores. 

Separate linear regression models were generated assessing the linear relationship of the 

baseline value of each disease-specific QOL variable (dependent variable) to the baseline 

value of each functional variable (Table 1) to help control for the possibility of different 

effects when using absolute scores rather than change scores and to support the validity of 

the change score results. These baseline data were obtained before treatment group 

assignment, and this analysis was done to be conservative and to compare qualitatively with 

6-month results. The baseline disease-specific QOL variable was included as a covariate in 

these models, and these models were carried out separately for each treatment group.

To investigate formally if the relationship of symptom QOL and treadmill outcomes was 

consistent across treatment groups, assessments of treatment variable interaction on disease-

specific QOL were carried out. Treatment-specific scatterplots of disease-specific QOL 

versus functional status were generated for scales to display graphically the nature of 

significant interactions with treatment group. All P values presented are two-sided, a 0.10 

level of significance was used to declare interactions significant (to account for the relatively 

low power of interaction tests), and a 0.05 level of significance was used for all remaining 

statistical tests. Given the exploratory nature of this study, no adjustment for multiple 

comparisons was used.

RESULTS

The correlation of changes in disease-specific QOL scales with changes in treadmill-derived 

PWT demonstrated significant interactions by treatment group (interaction P values .003 to .

09) (Table 2, Fig 1a–e). Generally, patients who underwent ST demonstrated a much 

stronger correlation between disease-specific QOL and PWT at follow-up than patients 

assigned to SE. On average, disease-specific QOL scores improved by 2.2–4.2 points per 

each minute improvement in PWT for the ST group, whereas the same scores improved by 

only 0.3–1.6 points per minute improvement in PWT for the SE group. Correlations between 

changes in disease-specific QOL with changes in PWT were highly statistically significant 

for all five scales examined for ST but for only one of the five scales examined for SE 

(Table 2).

Correlation of disease-specific QOL with improvement in COT showed no statistically 

significant interaction with treatment group for any of the five scales (Table 2). The 

magnitude of the correlation effect was greater for ST than SE, with each minute 

improvement in COT correlating with 2.4–4 points on the disease-specific QOL scales for 

ST (all five statistically signifi-cant) but only 1.2–2.7 points for SE (three of five scales 

statistically significant) (Fig 2a–e).

Changes in disease-specific QOL did not correlate strongly with changes in community-

based step activity as measured by pedometers. No treatment group interactions were 

present for these analyses, and the only statistically significant correlation was with the WIQ 

distance scale for the ST group (P = .04) (Table 2).
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Examination of baseline data showed that at baseline, before randomization, similar 

treatment group interactions did not consistently exist. For PWT, there was only one QOL 

scale with a significant interaction at the P = .10 level (WIQ distance); for COT, there was 

also one QOL scale with a significant interaction with treatment group (WIQ speed); and for 

community walking, one QOL scale showed treatment group interaction (PAQ physical 

limitation) (Table 1), although for the latter two there was no statistically significant 

correlation between the QOL scale and COT or community walking, respectively. Three of 

the five scales showed a statistically significant correlation of disease-specific QOL with 

PWT and two of the five scales showed a statistically significant correlation for COT, but 

there was no significant correlation for community walking with baseline disease-specific 

QOL (Table 1).

DISCUSSION

In this post hoc analysis of CLEVER study data, it was found that although the cohort 

treated with SE had improvement in patient-perceived symptoms on average, the 

improvement in symptoms did not correlate with improved treadmill walking within 

individual patients. That is, patients with the greatest improvement in treadmill PWT were 

not the same patients who had the most symptom improvement, and vice versa. Two 

statistical components to this observation—the slope of the regression line and the goodness 

of fit of the data points to the regression line—provide potential insights regarding the 

discrepancy (Fig 1a–e). The lack of statistical significance for the correlation of PWT with 

symptom improvement indicates scatter in the data. Perhaps more importantly, for most of 

the disease-specific QOL scales we examined for SE, the regression line was practically flat 

across a wide range of the independent variable, meaning that despite improvement in PWT, 

there was little or no improvement in patient-reported symptoms for SE patients (Fig 1a–e). 

Conversely, for most of the scales, the correlation between patient-reported symptom relief 

and improved treadmill walking was present for patients treated with ST, and the slope of 

the regression line was strongly positive (Fig 1a–e).

Because the correlations between patient-perceived, symptom-related outcomes and PWT 

were present for ST patients, and the slope of the correlation between symptom relief and 

peak treadmill walking was positive for ST, the mechanism for improved walking may be 

attributed to improved symptoms for this treatment group. The explanation of improved 

symptoms in SE patients is not as straightforward and cannot be attributed to improved 

PWT. The goal of management of claudication in individuals with PAD (in addition to 

reducing cardiovascular risk) should be symptom relief, and this observation may have 

important study design implications or clinical implications or both.

Although there may be a tendency to attribute the finding of improved symptom-related 

QOL to placebo effect in the ST group (22), the observation that improved QOL was more 

closely correlated with improved PWT in the ST group than the SE group argues against this 

explanation. That is, disease-specific QOL improvement in ST patients correlated with 

objective measurable improvement in walking performance. It is not surprising that a 

revascularization strategy resulted in better symptom improvement because normal 

perfusion is not associated with claudication symptoms. Conversely, the improvement on 
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average in patient-reported symptoms in the SE group without correlation to improved 

maximal treadmill walking is not easily explained. Because there was no statistically 

significant correlation between improved PWT and patient-reported symptom outcome 

improvement in the SE treatment group, the average improvement in reported symptoms 

may be due to placebo effect in SE participants or to unknown psychological mechanisms. 

Although the time commitment required for SE could theoretically reduce participants’ 

QOL, the disease-specific QOL measures used in this post hoc analysis are nearly 

exclusively focused on claudication symptoms; it is doubtful that the time commitment 

could affect these claudication-specific QOL outcomes.

Because improved PWT in SE did not correlate with symptom improvement, the mechanism 

for improved treadmill walking warrants explanation. One possible explanation for better 

PWT with SE than ST is a “specificity of training” effect (23) with SE whereby participants 

assigned to SE experienced greater improvement in the treadmill-defined endpoint because 

they had up to 78 treadmill sessions and adapted to that activity.

Because of its excellent reproducibility, the most widely accepted primary endpoint for 

contemporary studies of claudication treatment is PWT on a graded treadmill test (5). COT 

is a second well-defined, symptom-based treadmill test parameter that is often included as a 

key clinical trial outcome. The CLEVER study results at 6 months show that PWT did not 

predict symptom relief uniformly across treatment strategies. Its role as the primary endpoint 

in claudication studies that compare multiple treatments should be questioned. COT is 

nearly as reproducible as PWT (24,25). The correlation between improvement in QOL and 

COT at 6-month follow-up was more consistent regardless of treatment assignment, and 

COT may be an endpoint that better measures both improved walking performance and 

patient-reported symptom relief. With regard to the clinical significance of these 

observations, these findings suggest that careful elicitation of patient preferences for 

functional versus symptomatic benefit could help individualize decision making for patients 

with claudication.

This study was retrospective and exploratory in nature, and the possibility of a type I error in 

post hoc analyses of this type exists. However, another randomized trial of angioplasty and 

stent placement compared with SE reported similar observations of greater PWT 

improvement among patients treated with SE yet more improvement in disease-specific 

QOL after angioplasty and stent placement and did not reach statistical significance (26). A 

second limitation is this study population was restricted to patients with aortoiliac PAD, 

with or without infrainguinal arterial stenoses. It is unknown if the current observations 

would be confirmed in patients with other anatomic forms of PAD, but similar trends from 

the other study were observed despite a mixed population of inflow and outflow PAD. 

Finally, these findings are drawn from data collected at a relatively short-term follow-up 

interval (6 months) and will need to be reassessed when 18 month or longer term data are 

available.

In conclusion, in our population, improved PWT correlated poorly with patient-reported 

symptom outcome improvement for patients treated with SE at 6 months but correlated well 

for patients treated with ST. In contrast, changes in COT, an alternative exercise test 
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parameter that also can be assessed reliably, demonstrated better correlation with disease-

specific QOL regardless of treatment assignment. These findings help to explain the 

discrepant outcomes of the CLEVER trial for functional and patient-reported outcomes. 

These data also suggest that COT might serve as an endpoint that balances treadmill test 

improvement and symptom relief for studies of claudication treatments.
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ABBREVIATIONS

CLEVER Claudication: Exercise Vs. Endoluminal Revascularization

COT claudication onset time

OMC optimal medical care

PAD peripheral artery disease

PAQ Peripheral Artery Questionnaire

PWT peak walking time

QOL quality of life

SE supervised exercise

ST stent revascularization

WIQ Walking Impairment Questionnaire
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Figure 1. 
(a–e) Scatterplots of the change in disease-specific QOL versus change in PWT. The change 

in PWT at 6 months compared with baseline is on the x-axis, and the change in the patient-

reported symptom outcome scale at 6 months compared with baseline on the y-axis. These 

plots show considerable scatter of SE data points with no statistically significant correlation 

and little if any slope in the plotted line. Conversely, an increase in PWT in ST participants 

at 6 months correlated strongly with improved symptom scores.
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Figure 2. 
(a–e) Scatterplots of the change in QOL versus change in COT. The change in COT at 6 

months compared with baseline is on the x-axis, and the change in the patient-reported 

symptom outcome scale at 6 months compared with baseline is on the y-axis. These plots 

show better of SE data points compared with PWT, with statistically significant correlation 

and a positive slope for most scales. However, the correlation was stronger for ST 

participants.
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