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Abstract

The prognostic significance of the six-minute walk distance for lower extremity events in people
with peripheral artery disease (PAD) is unknown. This longitudinal study assessed whether a
poorer six-minute walk distance at baseline was associated with higher rates of subsequent lower
extremity atherosclerotic disease events in PAD. A total of 369 patients (mean age 69.4 + 10.0
years; mean ankle—brachial index (ABI) 0.67 £ 0.17; 31% women; 30% black individuals) from
Chicago-area medical centers with PAD were enrolled. Participants underwent baseline six-minute
walk testing and returned for annual study visits. Lower extremity events consisted of one or more
of the following: ABI decline greater than 15% or medical record adjudicated lower extremity
revascularization, critical limb ischemia, or amputation. At a mean follow-up of 33.3 months,
lower extremity events occurred in 66/123 (53.7%) people in the first (worst) tertile of six-minute
walk performance, 55/124 (44.4%) in the second tertile, and 56/122 (45.9%) in the third (best)
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tertile. After adjusting for age, sex, race, ABI, comorbidities, and other confounders, participants
in the first (worst) tertile of six-minute walk distance at baseline had higher rates of lower
extremity events during follow-up, compared to those in the best tertile at baseline (HR = 1.74,
95% ClI 1.17-2.60, p=0.0067). Among people with PAD, a poorer six-minute walk distance was
associated with higher rates of subsequent lower extremity PAD-related events after adjusting for
confounders. Further study is needed to determine whether interventions that improve six-minute
walk distance can reduce lower extremity adverse events in people with PAD.
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Introduction

Methods

The six-minute walk test is a simple and inexpensive test of walking endurance in

people with lower extremity peripheral artery disease (PAD) that is commonly used as

an outcome measure in studies of people with PAD.1-8 The six-minute walk test can

easily be incorporated into clinical practice. Poorer six-minute walk performance has been
associated with increased cardiovascular event rates, all-cause mortality, and mobility loss
among people with PAD.2~* However, the association of six-minute walk performance with
subsequent lower extremity PAD-related events is unknown.

This study examined the association between baseline six-minute walk distance and
subsequent progression of PAD (i.e. lower extremity events). Lower extremity events were
defined as one or more of the following during follow-up: clinically meaningful ankle—
brachial index (ABI) decline, lower extremity revascularization, critical limb ischemia, or
amputation. The study hypothesis was that a shorter baseline six-minute walk distance
would be independently associated with higher rates of lower extremity events among
people with PAD. To assess whether other measures of functional performance were also
associated with increased rates of lower extremity events among people with PAD, we also
studied associations of the Walking Impairment Questionnaire (WIQ) scores and physical
activity level with subsequent lower extremity events.

The Walking and Leg Circulation Study (WALCS) 1l was a longitudinal observational
study of participants with PAD, designed to examine the association of magnetic resonance
imaging (MRI)-measured atherosclerotic plaque in the superficial femoral artery with
functional impairment and decline in people with PAD.? After enroliment and baseline
measurements, participants underwent annual assessment. The institutional review board
at participating sites approved the protocol. All participants provided written, informed
consent.
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Participants with PAD were identified from lists of consecutive patients with PAD from
noninvasive vascular laboratories at Northwestern Memorial Hospital, Jesse Brown Veterans
Administration, Rush Medical Center, and Mt Sinai Hospital in Chicago. Consecutive
patients with PAD were also identified from vascular surgery, cardiology, endocrinology,
general medicine, and geriatrics at the Northwestern Medical Faculty Foundation and from
the vascular surgery practice at the Jesse Brown VA. Participants were enrolled between
October 2007 and December 2009. Follow-up was completed September 10, 2014.

Inclusion and exclusion criteria

The inclusion criterion was an ABI < 1.00.° Current clinical practice guidelines state

that normal ABI values are 1.00-1.40.10 Exclusion criteria have been reported® and are
summarized here: potential participants with dementia and those with a mini-mental status
examination (MMSE) score < 23,11 nursing home residents, wheelchair-bound patients,
patients with foot or leg amputations, patients who had undergone major surgery in

the past 3 months or had a contraindication to MRI, patients who required oxygen

during ambulation, stopped the six-minute walk test due to dyspnea, or had severe knee
osteoarthritis at baseline, and non-English-speaking participants.

ABI measurement

Systolic blood pressures were measured using a hand-held Doppler probe (Pocket-Dop II;
Nicolet Vascular, Golden, CO, USA\) after the participant had rested supine for 5 minutes.12
Pressures were measured in the right brachial, dorsalis pedis, and posterior tibial arteries
and left dorsalis pedis, posterior tibial, and brachial arteries. Pressures were then repeated in
reverse order. The ABI was calculated for each leg by dividing the average of the dorsalis
pedis and posterior tibial artery pressures in each leg by the average of the four brachial
pressures.13

Six-minute walk test

The six-minute walk test was performed following a standardized protocol.2~* Participants
were asked to walk back and forth down a 30.48-m (100 ft) hallway, covering as much
ground as possible for 6 minutes. Study coordinators used a script to provide instructions
during the test, and at each minute a standardized phrase of encouragement was given by the
coordinator, according to the script. Participants were allowed to rest, but timing continued
during rest periods. The total distance walked during the 6 minutes was recorded.

Baseline comorbidities

Comorbidities were identified using algorithms developed for the Women’s Health and
Aging Study.* The algorithm combines data from patient report, medical record review,
medications, laboratory values, and a primary care physician questionnaire. Comorbidities
assessed included diabetes mellitus, angina, myocardial infarction (MI), heart failure, stroke,
pulmonary disease, and cancer. Hypertension was defined as patient report of physician-
diagnosed hypertension or physician designation of the presence of hypertension on the
primary care physician questionnaire.
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Walking Impairment Questionnaire

Participants completed the WIQ, which consisted of three domains: walking distance,
walking speed, and stair climbing.1® For the distance score, participants ranked their
difficulty walking distances ranging from indoors in their home to up to 1500 feet. For
the walking speed score, participants ranked their difficulty walking one block at specific
speeds, ranging from slowly to jogging. For the stair climbing score, participants ranked
the degree of difficulty climbing one to three flights of stairs. A score was calculated, for
each domain, ranging from 0 to 100, with O representing inability to perform any of the
tasks within that domain and 100 indicating no difficulty with any of the tasks within that
domain.1®

Physical activity measurement

Participants wore a vertical accelerometer (Caltrac; Muscle Dynamics Fitness Network

Inc., Torrance, CA, USA\) for 7 days to continuously measure their physical activity.16-20
Using validated methods, the accelerometer was programmed identically for all participants,
allowing equivalent comparisons of physical activity, regardless of individual characteristics
such as sex, age, and weight. This method is a validated measure of physical activity in
people with and without PAD.16-20

Other measures

Height and weight were measured at baseline. Body mass index (BMI) was calculated

as weight in kilograms divided by meters squared. Cigarette smoking was determined

by self-report. Participants brought their medication bottles or a medication list to their
study visits and all medications were recorded. Use of a statin medication was determined
by the principal investigator (MMM), who was blinded to participant characteristics. The
homogenous direct method from Roche Diagnostics (Indianapolis, IN, USA) was used to
measure low density lipoprotein cholesterol (LDL-C).21 High density lipoprotein cholesterol
(HDL-C) was measured by direct enzymatic colorimetric assay.22

Measurement and adjudication of lower extremity events during follow-up

After baseline testing, participants returned to the medical center for study visits for 1-year,
2-year, and 4-year follow-ups. At each follow-up visit, participants were interviewed to
identify new hospitalizations and lower extremity procedures since the last assessment. At 3
years after baseline, participants were telephoned and asked about any hospitalizations since
the prior visit. Medical records were obtained for all hospitalizations.

A lower extremity event during follow-up was defined as one or more of the following:
decline in the ABI by 15% or greater, medical record documented hospitalization for

lower extremity critical limb ischemia or amputation, or medical record documented

lower extremity revascularization. Although ABI declines of 0.15 have been used to

define meaningful decline,23-2 people with lower ABI values are less likely to have an
ABI decline = 0.15.23-25 Furthermore, in severe PAD, an ABI decline > 0.15 represents

a more substantial decline relative to baseline than an ABI decline of 0.15 in mild

PAD. Therefore, a meaningful ABI decline was defined as a decline of = 15%. For

critical limb ischemia, amputation, and lower extremity revascularization, two investigators

Vasc Med. Author manuscript; available in PMC 2024 August 28.
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independently reviewed the medical record for documentation of hospitalization for critical
limb ischemia, amputation, or lower extremity revascularization. Data were recorded on a
medical record abstraction form by two independent investigators not aware of baseline
six-minute performance. When the reviewers did not agree, they reviewed the medical
records together and discussed the outcome until consensus was reached.

Statistical analyses

Results

Baseline characteristics for PAD participants with a lower extremity event versus those
without an event were compared using chi-squared tests for categorical variables and
general linear models for continuous variables. The six-minute walk distance at baseline was
categorized into tertiles. The cause-specific cumulative incidence rate of lower extremity
events was estimated in different tertiles of six-minute walk performance, treating death
from any cause as a competing risk. Log-rank tests were used to compare the cause-specific
incidence rate of lower extremity events across tertiles of six-minute walk performance.
Participants were censored due to loss to follow-up. Analyses were repeated for each
individual lower extremity outcome (ABI decline, critical limb ischemia or amputation,

or lower extremity revascularization). Cox proportional hazards regression was performed
to compare specific hazard rates for lower extremity events across baseline tertiles of
six-minute walk performance, adjusting for age, sex, race (black vs others), BMI, and
comorbidities (current/former smoking, hypertension, diabetes, log-transformed LDL/HDL,
statin use). Analyses were repeated with additional adjustment for baseline ABI and
performed for the combined lower extremity event outcome and for each individual
outcome. Regression analyses were repeated, comparing event rates across baseline tertiles
of the WIQ distance, speed, and stair climbing scores and across physical activity tertiles.
Analyses were repeated to determine whether stopping during the six-minute walk test, time
to onset of leg symptoms during the six-minute walk, and the amount of time rested during
the six-minute walk test were associated with lower extremity outcomes.

Statistical analyses were performed using SAS software, Version 9.4 (SAS Institute Inc.,
Cary, NC, USA). Results were considered statistically significant, if the two-sided p-value
was below 0.05.

Among 473 PAD participants in the WALCS Il cohort, 48 dropped out or died before the
first follow-up visit. Of the remaining 425, 56 were missing at least one baseline variable
and were excluded. Four individuals missing ABI data at follow-up were excluded from
the analyses of ABI decline but included in all other analyses. Compared to WALCS III
participants included in the analyses, those excluded had a higher proportion of females
(50% vs 31%, p < 0.01), African Americans (42% vs 30%, p = 0.02), and people with a
history of cancer (24% vs 15%). Compared to participants included, those excluded had
lower rates of diabetes (30% vs 41%), statin use (60% vs 73%), and had a lower six-minute
walk distance at baseline (312 vs 359 m, p< 0.001).

Tertiles of six-minute walk distance at baseline were 21-326 m (Tertile 1), 327-412 m
(Tertile 2), and 412-701 m (Tertile 3). Participants with a poorer six-minute walk distance
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at baseline were older, included more females, had higher prevalences of hypertension,
diabetes, angina, heart failure, stroke, and pulmonary disease, and had higher BMI and
lower ABI values compared to participants with a better six-minute walk distance at baseline
(Table 1). Participants with a lower extremity event during follow-up were not significantly
different in age, race, sex, ABI, BMI, or other comorbidities compared to those without

an event (Table 2). Over a mean follow-up of 33 months (SD = 16.5), 177 of the 369
participants (48.0%) developed one or more lower extremity events. Among participants
with events, 43 (11.7%) were hospitalized for lower extremity revascularization, 125
(33.9%) experienced an ABI decline of 15% or greater, and nine (2.4%) were hospitalized
for critical limb ischemia or amputation.

Rates of lower extremity events were 66 of 123 (53.7%) among participants in the first
(worst) six-minute walk tertile, 55 of 124 (44.4%) in the second tertile, and 56 of 122
(45.9%) among participants in the third (best) tertile of six-minute walk performance. In
unadjusted analyses, there were no significant associations of six-minute walk tertile and
lower extremity event rates (Figure 1). However, after adjusting for age, sex, race, BMI,
smoking, comorbidities, cholesterol, and statin use, the first (poorest) tertile was associated
with a significantly higher rate of lower extremity events compared to the third (best) tertile
(hazard ratio (HR) = 1.59, 95% CI 1.09-2.33, p=0.0166) (Table 3). After additional
adjustment for baseline ABI, the association of baseline six-minute walk distance with
subsequent lower extremity events remained statistically significant (HR = 1.74, 95% CI
1.17-2.60, p=0.0067) (Table 3). Analyses remained statistically significant when events
due to critical limb ischemia were excluded and when events due to lower extremity
revascularization were excluded, respectively (see online supplemental Tables 1 and 2).
Analyses remained statistically significant when repeated among participants with ABI <
0.90 (online supplemental Tables 3 and 4).

In unadjusted analyses, there were no significant associations of baseline six-minute walk
tertile with hospitalization for lower extremity revascularization, ABI decline > 15%, or
hospitalization for critical limb ischemia or amputation (online supplemental Figures 1-3).
Adjusting for age, sex, race, BMI, smoking, comorbidities, statin use, and ABI, participants
in the first (worst) tertile of the six-minute walk test had a significantly higher rate of
meaningful ABI decline compared to participants in the third (best) tertile (HR = 1.77,

Cl 1.12-2.78, p=0.0136). In adjusted analyses, the six-minute walk distance was not
associated significantly with lower extremity revascularization or hospitalization for critical
limb ischemia (Table 3).

In unadjusted analyses, there were no significant associations of baseline WIQ speed score
tertiles with lower extremity event rates (Figure 2). However, after adjusting for age, sex,
race, BMI, smoking, comorbidities, and statin use (HR = 1.62, 95% CI 1.11-2.37, p=
0.0122), the first (worst) tertile of walking speed score was associated significantly with
higher rates of lower extremity events compared to the third (best) tertile. Results remained
statistically significant after additional adjustment for ABI (HR = 1.80, 95% CI 1.20-2.69,
p=0.0041) (Table 4). In addition, participants in the first (worst) tertile of walking speed
score had significantly higher rates of meaningful ABI decline compared to participants

in the third (best) tertile, after adjusting for age, sex, race, BMI, smoking, comorbidities,

Vasc Med. Author manuscript; available in PMC 2024 August 28.
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and statin use (HR = 1.56, 95% CI 1.02-2.39, p = 0.0410). Results remained statistically
significant after additional adjustment for ABI (HR = 1.88, 95% CI 1.19-2.98, p = 0.0070).
In adjusted analyses, those in the first (worst) tertile of walking speed score also had
significantly higher rates of hospitalization for lower extremity revascularization compared
to the third (best) tertile (Table 4). The WIQ walking speed score tertile was not significantly
associated with hospitalization for the combined outcome of critical limb ischemia or
amputation (Table 4). There were no significant associations of baseline WIQ distance score,
WIQ stair climbing score, or physical activity with lower extremity event rates (see online
supplemental tables 5-7). There were no statistically significant associations of the time or
distance to claudication onset, number of rests, or total rest time during the six-minute walk
test with lower extremity events (online supplemental Table 8). In post hoc analyses, HRs
for the association of lowest versus highest six-minute walk tertile with combined lower
extremity outcomes were similar between African Americans (7= 111) (HR = 1.634, 95%
Cl 0.457-5.84, p=0.450) and non-African Americans (7= 258) (HR = 1.764, 95% CI
0.75-4.16, p=0.194).

Discussion

Among 369 people with PAD, 177 (48.0%) developed one or more lower extremity events
during a mean follow-up of 33 months. Poorer baseline six-minute walk distance was
associated with a higher incidence of lower extremity events after adjusting for potential
confounders, including baseline ABI. Participants in the lowest six-minute walk distance
tertile had a 1.74-fold higher risk of all lower extremity events compared with those in the
best tertile at baseline, adjusting for ABI and other confounders. The WIQ distance score,
stair climbing score, physical activity, and characteristics of the six-minute walk test, such
as total number of rests or time or distance to onset of ischemic leg symptoms, were not
associated with subsequent lower extremity events. Lower WIQ speed scores at baseline
were associated with a significantly higher rate of lower extremity events compared to
higher WIQ speed scores at baseline. An additional important finding was the high rate of
lower extremity events in people with PAD.

In 2007, McDermott et al. reported that PAD participants in the lowest six-minute walk
distance quartile had a nearly 10-fold higher rate of mobility loss and a six-fold higher
rate of becoming unable to walk for 6 minutes continuously, compared to those in the
best two quartiles for six-minute walk distance at baseline.3 In 2008, McDermott et al.
reported that among people with PAD, a poorer six-minute walk distance was associated
with significantly higher rates of all-cause mortality and cardiovascular disease mortality.
In 2015, McDermott et al. reported that among people with PAD, a poorer six-minute walk
distance was associated with higher rates of ischemic heart disease events and stroke.2
To our knowledge, the association of six-minute walk distance with subsequent lower
extremity events has not been reported previously. This study included a large proportion
of African Americans. Results did not substantially differ by presence versus absence of
African American race.

In the fully adjusted models, compared to the best six-minute walk distance tertile at
baseline, the point estimate for the association of the lowest tertile of six-minute walk
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distance at baseline with the combined outcome of critical limb ischemia or amputation
was 4.78, while the point estimate for the association of six-minute walk distance with a
15% decline in the ABI was 1.77. This difference in the strength of associations between
baseline six-minute walk distance and critical limb ischemia or amputation versus a 15%
decline in the ABI may be due to the fact that participants with a better six-minute walk
distance at baseline had higher ABI values at baseline, and prior study showed that higher
ABI values were more likely to decline during follow-up, perhaps due to a floor effect

for people with lower ABI values at baseline.23:25 Statistical adjustment may not have
completely overcome this confounding, potentially weakening the observed association

of six-minute walk distance with lower extremity events. The absence of a statistically
significant association of baseline six-minute walk distance with the development of critical
limb ischemia or amputation may have been due to the small number of these lower
extremity events, which limited statistical power and increased the confidence interval.
However, it is also possible that even with lower events no association of baseline six-minute
walk distance with development of critical limb ischemia or amputation would be observed.

The six-minute walk distance is simple to measure and requires only a stopwatch

and a 30.48-meter hallway. Previous research demonstrated that the six-minute walk
significantly improves in response to supervised treadmill exercise and home-based walking
exercise in individuals with PAD.3-58.26.27 Fytyre research is needed to determine whether
interventions that improve six-minute walk distance can prevent lower extremity events in
people with PAD.

This study has limitations. First, data are observational, and no causal inferences can be
made. Second, the observational nature of the study may have resulted in unmeasured
confounding. Third, participants in the lowest tertile of six-minute walk distance at baseline
were older, included a higher proportion of people with diabetes, and had lower ABI values
than those in the highest tertile at baseline. Residual confounding may contribute to our
findings. Fourth, lower extremity revascularization is a relatively subjective clinical outcome
because variability exists in clinician judgement regarding decisions to perform lower
extremity revascularization.? However, six-minute walk distance remained significantly
associated with lower extremity events when lower extremity revascularization was excluded
from the analysis. In addition, most of the lower extremity events were due to ABI

decline. Fifth, there were few critical limb ischemia or amputation outcomes, limiting
statistical power to identify significant associations for these outcomes. Sixth, the significant
associations of a poorer six-minute walk distance with higher rates of LE events were
primarily influenced by the relatively high incidence of lower extremity revascularizations
and decline in ABI value. These outcomes are less severe than critical limb ischemia or
amputation. Seventh, of the original WALCS cohort, 104 (22%) could not be included in
these analyses because of death or drop-out before 1-year follow-up or because of missing
covariate data. Results may not be generalizable to those not included. Eighth, the study
took place in an urban setting; results may not be generalizable to non-urban settings.

Vasc Med. Author manuscript; available in PMC 2024 August 28.
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Conclusion

A large proportion of people with PAD develop a lower extremity event over time. Poorer
baseline six-minute walk distance is associated with higher rates of lower extremity events,
after adjusting for the ABI and other potential confounders. Further study is needed to
determine whether interventions that improve six-minute walk distance, such as exercise,
can prevent the progression of lower extremity events in people with PAD.
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Figure 1.

Cumulative incidence of combined lower extremity events, for each tertile, with death from
any cause as a competing risk factor. 6MW: 6-minute walk.
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Figure 2.
Cumulative incidence of combined lower extremity events for each tertile of baseline

Walking Impairment Questionnaire (WI1Q) speed score, with death from any cause as a
competing risk factor.
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