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Abstract
Background—The ability of office-based functional performance measures to predict mortality in
patients with lower extremity peripheral arterial disease (PAD) is unknown. Among persons with
PAD, we determined whether objective measures of walking performance predict mortality,
independently of the ankle brachial index (ABI).

Methods—Participants were 444 persons with PAD followed prospectively for 4.8 years. The six-
minute walk and four-meter walks at usual and fastest pace were measured at baseline. Cox
proportional hazard models were used to assess relations between baseline measures of lower
extremity performance with mortality, adjusting for confounders.

Results—127 patients (28.6%) died during follow-up. Adjusting for age, sex, race, comorbidities,
ABI, and other confounders, participants in the poorest baseline quartile of six-minute walk
performance had significantly increased total mortality (hazard ratio (HR) = 2.36 (95% Confidence
Interval (CI) = 1.33–4.18)) and cardiovascular mortality ((HR) = 5.59 (95% CI = 1.97–15.9))
compared to the best quartile of baseline performance. Participants in the poorest baseline quartile
of normal-paced four meter walking speed had significantly increased total mortality (hazard ratio
(HR) = 1.86 (95% CI = 1.06–3.29)) and cardiovascular mortality ((HR) = 2.55 (95% CI = 1.01–6.46))
compared to the best quartile of baseline performance.

Conclusions—This study demonstrates for the first time that performance based measures, which
can be administered in an office setting, provide prognostic information regarding mortality in
persons with PAD beyond that provided by the ABI.
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CONDENSED ABSTRACT—Among 444 persons with lower extremity peripheral arterial disease
(PAD), poorer baseline performance on the six-minute walk test and slower baseline walking velocity
over four meters were associated with significantly increased all-cause mortality and cardiovascular
disease mortality at 4.8 year follow-up, adjusting for the ankle brachial index (ABI), comorbidities,
and other confounders. Results indicate that performance based measures, which can be administered
in a clinical office setting, provide prognostic information regarding mortality beyond that provided
by the ABI among persons with PAD.

Lower extremity peripheral arterial disease (PAD) affects eight million men and women in the
United States (U.S.) (1). Men and women with PAD have significantly increased all-cause and
cardiovascular mortality rates compared to persons without PAD (2). Among persons with
PAD, lower ankle brachial index (ABI) values are associated with increased mortality
compared to higher ABI values (3).

In addition, men and women with PAD have poorer performance on objective measures of
lower extremity functioning compared to persons without PAD (4–6). Currently, the prognostic
significance of functional impairment for total and cardiovascular mortality in persons with
PAD is unknown. Therefore, in a prospective observational study, we assessed whether lower
extremity performance predicts total and cardiovascular disease mortality in persons with PAD.
We hypothesized that among persons with PAD, those with poorer functional performance at
baseline would have higher mortality during follow-up, independent of the ABI and other
confounders. Associations of functional performance with mortality were also studied in a
cohort of participants without PAD, to determine whether associations of functional
performance and mortality were similar in persons with vs. without PAD.

Functional performance measures, such as the six-minute walk test and usual walking speed
over four meters, are reliable, objective measures of lower extremity functioning that can be
administered in the office setting (7,8). They require minimal time and only a stopwatch to
administer. If functional performance predicts mortality, then clinicians could potentially use
functional performance to identify persons with PAD who are at increased risk for mortality.

METHODS
Participant Identification

The institutional review boards of Northwestern University and Catholic Health Partners
Hospital approved the protocol.

Participants gave written informed consent. Participants were part of the Walking and Leg
Circulation Study (WALCS) (4,5), a prospective, observational study designed to identify
predictors of functional decline and mortality in PAD. Participants with PAD were identified
from among consecutive patients age 55 and older in three Chicago-area non-invasive vascular
laboratories. Participants without PAD were identified from among consecutive persons with
normal lower extremity arterial studies in the three non-invasive vascular laboratories and from
a large general internal medicine practice at Northwestern. Median follow-up for this report
was 57.7 months (interquartile range 37.5–62.0 months). Participants with PAD had an ABI
< 0.90 at their baseline visit. Participants without PAD had an ABI of 0.90 to 1.50. Exclusion
criteria have been reported (5). In addition, in the WALCS cohort of 460 participants with PAD
and 280 without PAD, four PAD participants who did not undergo baseline functional
performance data were excluded. An additional 12 PAD and 8 non-PAD participants were
excluded because they had missing data for covariates in our fully adjusted model.
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Ankle Brachial Index Measurement
A hand-held Doppler probe (Nicolet Vascular Pocket Dop II; Nicolet Biomedical Inc, Golden,
Colo) was used to obtain systolic pressures in the right and left brachial, dorsalis pedis, and
posterior tibial arteries (4,5). Each pressure was measured twice. The ABI was calculated by
dividing the mean of the dorsalis pedis and posterior tibial pressures in each leg by the mean
of the 4 brachial pressures (9). Average brachial pressures in the arm with highest pressure
were used when 1 brachial pressure was higher than the opposite brachial pressure in both
measurement sets and the 2 brachial pressures differed by 10 mm Hg or more in at least 1
measurement set, since in such cases subclavian stenosis was possible (4,5). Zero values for
the dorsalis pedis or posterior tibial vessels (n = 29) were excluded from the ABI calculation.
The lowest leg ABI was used in analyses.

Comorbidities
Comorbidities assessed were diabetes, angina, myocardial infarction, heart failure, cancer,
chronic lung disease, and stroke. Disease-specific algorithms that combine data from patient
report, medical record review, medications, laboratory values, and a questionnaire completed
by the participant’s primary care physician were used to verify and document baseline and
incident comorbidities, based on criteria previously developed (10).

Other Measures
Body mass index (BMI) was calculated as weight (kilograms)/(height (meters))2. Pack years
of cigarette smoking and history of hypertension were determined with patient report.

Functional Measures
Six-Minute Walk—Following a standardized protocol (4,5,11), participants walked up and
down a 100-ft hallway for 6 minutes after instructions to cover as much distance as possible.

Repeated chair rises—Participants sit in a straight-backed chair with arms folded across
their chest and stand five times consecutively as quickly as possible. Time to complete five
chair rises was measured (7,8).

Standing balance—Participants were asked to hold three increasingly difficult standing
positions for ten seconds each: standing with feet together side-by-side and parallel (side-by-
side stand), standing with feet parallel with the toes of one foot adjacent to and touching the
heel of the opposite foot (semi-tandem stand), and standing with one foot directly in front of
the other (tandem stand) (7,8).

Four-meter walking velocity—Walking velocity was measured with a four-meter walk
performed at “usual” and “fastest” pace (4,5,7,8). For the “usual” paced walk, participants were
instructed to walk at their usual pace, “as if going down the street to the store.” Each walk was
performed twice. The faster walk in each pair was used in analyses (7,8).

Short Physical Performance Battery—The Short Physical Performance Battery (SPPB)
combines data from the usual paced four-meter walking velocity, time to rise from a seated
position five times, and standing balance. Individuals receive a zero score for each task they
are unable to complete. Scores of one to four are assigned for remaining tasks, based upon
quartiles of performance for over 6,000 participants in the Established Populations for the
Epidemiologic Study of the Elderly (7,8). Scores are summed to obtain the SPPB, ranging from
0 to 12.
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Patient Reported Physical Activity Measures—At the initial visit participants were
asked, “During the last week, how many city blocks or their equivalent did you walk? Let 12
city blocks equal one mile.” Participants were also asked, “In the last week, about how many
flights of stairs did you climb up? A flight is 10 steps.” Participants were asked to report the
number of times they went walking for exercise during the prior week. These measures of
patient-reported physical activity have been previously shown to be highly correlated with
objectively-assessed physical activity measured with vertical accelerometers (12).

Death
We used the Social Security Administration death database to search for deaths through
6/27/05. At baseline, each participant provided names of three proxies not living with them to
assist with ascertaining complete follow-up data. Information on deaths was also obtained from
family members, proxies, and primary care physicians. Death certificates were obtained from
the State of Illinois or from the patients’ medical record. Cardiovascular disease deaths were
those with International Classification of Disease-10 codes in the range I01.0 through I99.9,
including deaths due to coronary heart disease, stroke, peripheral vascular disease, and other
cardiovascular disease.

Statistical Analyses
Among persons with PAD, baseline characteristics between decedents and survivors were
compared using general linear models for continuous variables and chi-square tests for
categorical variables, adjusting for age and sex (Table 1). Next, proportional hazards analyses
were used to compare differences in all-cause mortality across categories of baseline lower
extremity performance. In these proportional hazards analyses, categories of lower extremity
performance (independent variables of interest) were defined as follows. Among persons with
and without PAD, respectively, performance on the six-minute walk and usual and fast-paced
four-meter walking velocity test was categorized into quartiles. The fourth quartile represented
best functional performance and the first quartile represented the poorest functional
performance. A priori, the baseline SPPB was categorized as follows: category 1 (SPPB = 0–
4), category 2 (SPPB = 5–8), category 3 (SPPB = 9–11), category 4 (SPPB = 12). Among
participants with and without PAD, respectively, proportional hazards analyses were
performed to determine associations of these baseline categories of functional performance
with all-cause mortality, adjusting for age and sex. Next, these proportional hazards analyses
were repeated with additional adjustment for race, comorbidities (diabetes, angina, myocardial
infarction, heart failure, cancer, lung disease, and stroke), cigarette smoking (pack-years), BMI,
and ABI (PAD participants only). These fully adjusted proportional hazards analyses were
repeated among participants with PAD after excluding deaths during the first year of follow-
up and after excluding participants with baseline ABI < 0.40, respectively.

The proportional hazards analyses described above were repeated among participants with and
without PAD, respectively, for the dependent variable of cardiovascular mortality. Again,
quartiles of baseline performance on the six-minute walk test and the four-meter walking
velocity tests (usual and fastest pace) were independent variables of interest for analyses of
PAD and non-PAD participants, respectively. Because of few cardiovascular deaths among
participants with baseline SPPB scores of 0–4, the lowest (poorest) category for the SPPB in
these analyses was defined as SPPB = 0–8. Proportional hazards analyses were performed
among persons with and without PAD, respectively, to determine associations of baseline
categories of lower extremity performance with cardiovascular disease mortality, adjusting for
age and sex. These proportional hazards analyses were repeated with additional adjustment for
race, comorbidities (diabetes, angina, myocardial infarction, heart failure, cancer, lung disease,
and stroke), cigarette smoking (pack-years), BMI, and ABI (PAD participants only). The
causes of 23 out of 127 deaths in participants with PAD and nine of 47 deaths in persons without
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PAD were unknown because of missing death certificates. We employed multiple imputation
methods (ten repeated imputations were used in the analyses) in competing risk analyses to
handle the missing cause of death when death certificates were unobtainable (14). Missing data
were considered missing at random in that the conditional probability of cardiovascular death
among participants with missing death certificates can be modeled using logistic regression
with a set of baseline covariates as independent variables. We repeated analyses for
cardiovascular mortality first assuming that none of the missing causes of death were due to
cardiovascular disease and then assuming that all missing causes of death were due to
cardiovascular disease. Analyses were performed using SAS statistical software (version 9.1,
SAS Institute Inc, Cary, NC).

RESULTS
Of the 444 PAD participants included in analyses, 127 (28.6%) died during follow-up. Among
the PAD participants with known cause of death, 43% were due to cardiovascular disease and
29% were due to cancer. Of the 272 participants without PAD, 47 (17.3%) died during follow-
up. Among the non-PAD participants with known cause of death, 36% were due to
cardiovascular disease.

The average age of participants was 71.9 ± 8.4 for those with PAD and 69.4 ± 8.1 for those
without PAD. Among PAD participants, 40.1% were women, 16.2% were African-American,
and 31.5% had diabetes mellitus. Among participants without PAD, 48.2% were women,
18.8% were African-American, and 21.0% had diabetes mellitus.

Table 1 shows baseline characteristics of survivors and decedents with PAD, adjusting for age
and sex. Among participants with PAD, survivors were older (74.1 ± 8.78 vs. 71.0 ± 8.03 years,
p =0.003) and were likely to be men (68.5% vs. 56.5%, p=0.019) compared to decedents.
Decedents had lower ABI values and higher prevalences of cardiac or cerebrovascular diseases,
cancer, pulmonary disease, and diabetes.

Functional performance and mortality in persons without peripheral arterial disease
Among participants without PAD, poorer baseline six-minute walk performance was
associated significantly with higher all-cause mortality and cardiovascular disease mortality
in proportional hazards analyses adjusting for age and sex (P trend =0.03 and 0.01,
respectively). Among participants without PAD, there were no other significant associations
between baseline functional performance and all-cause or cardiovascular disease mortality
either in proportional hazards analyses that adjusted for age and sex or in proportional hazards
analyses adjusting for age, sex, race, comorbidities, BMI, and cigarette smoking (data not
shown). Results for cardiovascular mortality were similar when the missing causes of death
were assumed to be non-cardiovascular disease related, when missing causes of death were all
assumed to be due to cardiovascular disease, and when cause of death was imputed for those
missing (data not shown). There were no significant interactions between presence vs. absence
of PAD and the association of functional performance measures with mortality (data not
shown).

Functional performance and mortality in persons with peripheral arterial disease
In proportional hazards analyses of PAD participants adjusting for age and sex, significant,
linear associations between poorer baseline performance and higher all-cause mortality were
observed for the six-minute walk (p trend < 0.001), usual paced four-meter walking velocity
(p trend < 0.001), fast paced four-meter walking velocity (p trend =0.002), and the SPPB (p
trend =0.002) (Figure 1, Model 1). In proportional hazards analyses of PAD participants
adjusting for age, sex, race, ABI, BMI, smoking, and comorbidities, significant, linear
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associations between poorer baseline performance and higher all-cause mortality were
observed for six-minute walk performance (p trend =0.001), usual paced four-meter walking
velocity (p trend =0.021), and fast paced four-meter walking velocity (p trend =0.029) (Figure
1, Model II).

In Cox proportional hazards analyses adjusting for age and sex, significant, linear associations
between poorer baseline performance and higher cardiovascular mortality rates were observed
for the six-minute walk test (p trend < 0.001), usual paced four-meter walking velocity (p trend
= 0.003), fast paced four-meter walking velocity (p trend =0.001), and the SPPB (p trend
=0.026) (Figure 2, Model 1). Among PAD participants, associations of poorer six-minute walk
performance with greater cardiovascular disease mortality remained statistically significant in
Cox proportional hazards analyses adjusting for age, sex, race, ABI, BMI, smoking, diabetes,
angina, myocardial infarction, heart failure, cancer, lung disease, and stroke (p trend <0.001).
Significant associations of slower fast paced four-meter walking velocity with higher
cardiovascular mortality rates were also observed in fully adjusted proportional hazard analyses
(p trend = 0.014) (Figure 2, Model 2). Results for cardiovascular mortality were similar when
the missing causes of death were all assumed to be non-cardiovascular disease related, when
missing causes of death were all assumed to be due to cardiovascular disease, and when cause
of death was imputed for those missing (data not shown).

Table 2 shows results of proportional hazards analyses performed to identify associations of
functional performance measures with all-cause and cardiovascular disease mortality among
persons with PAD, adjusting for physical activity levels in addition to age, sex, race, ABI,
BMI, smoking, and comorbidities. Among participants with PAD, associations of poorer six-
minute walk performance with higher all-cause and cardiovascular disease mortality remained
statistically significant in these analyses that included adjustment for physical activity (Table
2). Associations of slower usual-paced and fast-paced walking velocity with increased all-
cause mortality remained statistically significant in these analyses that included adjustment for
physical activity (Table 2). Associations of usual and fast-paced four meter walking speed with
cardiovascular disease mortality were no longer statistically significant in these proportional
hazards analyses that included additional adjustment for physical activity (Table 2).

Because persons with critical limb ischemia have high rates of mortality, proportional hazards
analyses among PAD participants were repeated after excluding participants with baseline ABI
< 0.40. Again, proportional hazards analyses adjusted for age, sex, race, BMI, ABI, smoking,
and comorbidities. Results within this subset of 424 PAD participants were largely unchanged.
However, associations of fastest four-meter walking velocity with all-cause and cardiovascular
disease mortality were no longer statistically significant in fully adjusted analyses (P trend
=0.096 for all-cause mortality, P trend = 0.051 for cardiovascular disease mortality).

Because PAD participants who were ill at baseline were likely to have both poorer functional
performance and a higher mortality risk, we repeated proportional hazards analyses after
excluding PAD participants who died during the first year of follow-up. Proportional hazards
analyses adjusted for age, sex, race, BMI, ABI, smoking, and comorbidities. A similar,
significant trend remained between poorer six-minute walk at baseline and increased all-cause
mortality (p trend =0.002) and cardiovascular disease mortality (p trend = 0.005), even after
excluding individuals who died during the first year of follow-up. In these analyses, the hazard
ratio for participants in the lowest vs. highest quartile of six-minute walk performance at
baseline was 2.22 [95% CI = 1.21 to 4.09, p=0.010] for all-cause mortality and 3.61 [95% CI
= 1.28 to 10.10, p=0.015] for cardiovascular disease mortality.
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DISCUSSION
Results reported here show, for the first time, that poorer six-minute walk performance and
slower walking velocity identify persons with PAD who are at increased risk for all-cause and
cardiovascular mortality. Even after adjustment for confounders including the ABI and
comorbidities, poorer six-minute walk performance and slower walking speed at fastest pace
remained significantly and independently associated with higher all-cause and cardiovascular
disease mortality rates. Similarly, even after adjusting for confounders, slower usual-paced
walking speed was associated with higher all-cause mortality rates.

Among participants with PAD, associations of four-meter walking speed with cardiovascular
disease mortality were no longer statistically significant after additional adjustment for physical
activity levels. This finding suggests that higher physical activity levels among PAD
participants with faster four-meter walking speed explained associations of slower four-meter
walking speeds with increased rates of cardiovascular mortality.

In contrast to findings for persons with PAD, we did not find significant associations of
functional performance measures with mortality in persons without PAD after adjusting for
age, sex, race, comorbidities, and other confounders. However, prior large studies of
community dwelling men and women without PAD have demonstrated significant associations
of slower usual walking speed, poorer SPPB scores, and poorer 400-meter walk performance
with higher mortality (7,15). The lack of association of functional performance with mortality
in persons without PAD in the WALCS cohort is likely due to the relatively small sample size
and fewer deaths in participants without PAD. We did not observe a significant interaction
between presence vs. absence of PAD and associations of functional performance with
mortality.

Persons with PAD have significantly increased rates of all-cause and cardiovascular disease
mortality compared to persons without PAD (2). Clinical practice guidelines for evaluation
and management of persons with PAD suggest that the ABI should be used to assess risk of
mortality, with lower ABI values being associated with increased risk (16). Results presented
here demonstrate that simple measures of lower extremity functional performance provide
additional information about mortality risk beyond that provided by the ABI and other
confounders. These findings underscore the importance of measuring functional performance
in persons with PAD in clinical settings and in research studies including clinical trials.
Objective measures of functional performance can be administered by trained health care
personnel with minimal time and effort.

Previous studies demonstrate that better performance on objective measures of lower extremity
functioning is associated with higher physical activity levels and lower rates of mobility loss
in persons with PAD (17,18). Higher levels of physical activity are associated with lower
mortality in persons with PAD (12). Results presented here suggest that optimal management
of patients with PAD should include efforts to improve functional performance. Previous study
demonstrates that supervised walking exercise programs improve six-minute walk
performance in persons with PAD and intermittent claudication (19). Based on findings
presented here, future study is indicated to determine whether improving functional
performance is associated with lower mortality in persons with PAD.

Reasons for the independent associations of functional performance with mortality even after
adjusting for mortality risk factors could not be discerned from the data presented here.
However, one possible explanation is that the performance measures provide more sensitive
information regarding severity of PAD, severity of concomitant cardiovascular disease, and
perhaps other unmeasured risk factors compared to the ABI and other clinical characteristics
studied.
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This study has limitations. First, PAD participants were identified from academic medical
centers in Chicago. These findings may not be generalizable to other PAD patients. However,
there is no reason to believe that the relationships reported here would not be observed in other
PAD populations. Second, death certificates were not obtained for 18.1% of decedents with
PAD. However, a statistical imputation method was performed to account for missing causes
of death. Findings for our imputation method were similar to those in which participants
without a cause of death were excluded from these analyses. Third, the WALCS cohort does
not include a measure of renal function, which is a potential confounder of associations reported
here.

In conclusion, these findings indicate that simple, objective measures of performance provide
prognostic information regarding mortality in persons with PAD that are not available from
other clinical data studied. Further study is needed to determine whether interventions that
improve functional performance also improve survival among persons with PAD.
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Figure 1. Total Mortality
Associations of functional performance with all-cause mortality among persons with peripheral
arterial disease (N = 444).
Model 1- Results of proportional hazards analyses adjusting for age and sex.
Model 2- Results of proportional hazards analyses adjusting for age, sex, race, comorbidities
(cardiovascular diseases, pulmonary disease, cancer, and diabetes), body mass index, cigarette
smoking history, and the ankle brachial index.
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Figure 2. Cardiovascular Disease Mortality
Associations of functional performance with cardiovascular disease mortality among persons
with peripheral arterial disease (N = 444).
Model 1- Results of proportional hazards analyses adjusting for age and sex.
Model 2- Results of proportional hazards analyses adjusting for age, sex, race, comorbidities
(cardiovascular diseases, pulmonary disease, cancer, and diabetes), body mass index, cigarette
smoking history, and the ankle brachial index.
Because of a small number of cardiovascular deaths in patients with short physical performance
battery (SPPB) scores of 0–4, this category was combined with the category of participants
with an SPPB of 5–8.
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Table 1
Age and Sex Adjusted Characteristics of Participants with Peripheral Arterial Disease According to Survivor Status*

All PAD
participants

(N=444)

Survivors (N=317) Decedents (N=127) P value†

African-American Race (%) 15.5 13.4 21.0 0.058
Ankle brachial index* 0.65 0.66 (0.008) 0.63 (0.013) 0.048
Body mass index (kg/m2)* 27.3 27.5 (0.268) 26.7 (0.427) 0.119
Cigarette smoking
(pack-years)* 39.4 38.8 (1.90) 40.7 (3.02) 0.608

Cardiac or Cerebrovascular diseases (%) 59.7 55.4 70.3 0.006
Cancer (%) 16.3 13.1 24.4 0.006
Pulmonary disease (%) 32.4 29.0 41.0 0.020
Diabetes (%) 30.7 25.7 43.3 0.001
Number of blocks walked during the past seven
days.*

33.4 34.7 (3.13) 30.0(5.00) 0.424

Number of stair flights climbed during the past
seven days.*

17.39 18.4 (1.50) 14.8 (2.39) 0.196

*
For ankle brachial index, body mass index, cigarette smoking, and physical activity levels, values shown are mean and (standard error). Categorical

variables are expressed in percentage.
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