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Abstract
Objective—To establish associations between leg strength and mortality in men and women with
lower extremity peripheral arterial disease (PAD).

Design—Observational, prospective study.

Setting—Chicago area medical centers.

Subjects—Participants were 410 men and women with PAD age 55 and older followed for a
mean of 60.0 months.

Interventions—Isometric knee extension, knee flexion, hip extension, and hip flexion were
measured at baseline. Primary outcomes were all-cause and cardiovascular disease mortality. Cox
proportional hazards models were used to assess relations between leg strength and all-cause and
cardiovascular disease mortality among men and women, adjusting for age, race, comorbidities,
smoking, body mass index, and the ankle brachial index.

Results—Among the 246 male participants, poorer baseline strength for knee flexion (P trend = .
029), knee extension (P trend =.010), and hip extension (P trend = .013) were each associated
independently with higher all-cause mortality. Poorer strength for knee flexion (P trend = .042)
and hip extension (P trend = .029) were associated with higher cardiovascular mortality.
Compared to those in the fourth (best) baseline knee flexion quartile, Hazard Ratios for all-cause
and cardiovascular disease mortality among men in the 1st (poorest) knee flexion quartile were
2.23 (95% Confidence Interval (CI) = 1.02–4.87, P=.045) and 4.20 (95% CI = 1.12–15.79, P=.
043), respectively. No significant associations of leg strength and all-cause mortality were
identified among women.

Conclusions—Poorer leg strength is associated with increased mortality in men, but not
women, with PAD. Future study is needed to determine whether interventions that increase leg
strength improve survival in men with PAD.
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Eight million people in the United States have lower extremity peripheral arterial disease
(PAD), which is associated with increased cardiovascular events and greater functional
impairment compared to individuals without PAD1,2. PAD is also associated with adverse
calf muscle characteristics and reduced lower extremity strength, compared to those without
PAD3,4. Smaller calf muscle area and reduced lower extremity strength are associated with
greater functional impairment, increased rates of mobility loss, and/or functional decline in
men and women with PAD3–6.

The prognostic significance of leg strength for all-cause and cardiovascular mortality is
unknown in PAD. This prospective cohort study assessed the relationship between leg
strength and all-cause as well as cardiovascular disease mortality in men and women with
PAD. We hypothesized that poorer leg strength in PAD participants would be associated
with increased all-cause and cardiovascular mortality rates.

METHODS
Participant Identification

The Institutional Review Boards at Northwestern University and Catholic Health Partners
Hospital in Chicago approved the study protocol. Participants were men and women age 55
and older at baseline with PAD in the Walking and Leg Circulation Study (WALCS)
cohort1. Participants provided written informed consent.

Methods for the WALCS have been described1,6. PAD was defined as an ankle brachial
index (ABI) < 0.903–6. Most participants were identified from among consecutive patients
diagnosed with PAD in three Chicago-area non-invasive vascular laboratories. A small
number were identified from among patients age 55 and older in a large general internal
medicine practice who were screened with the ABI and found to have an ABI < 0.90.

Exclusion Criteria
Exclusion criteria for the WALCS cohort have been reported previously and are summarized
briefly here1,6. Patients with severe functional impairment at baseline, including nursing
home residents, wheelchair bound persons, and individuals with leg amputations were
excluded. To ensure accuracy of patient-reported medical history, potential participants with
dementia were excluded. Since the staff was not fluent in languages other than English, non-
English-speaking patients were excluded. Participants with life expectancy < one year were
excluded.

Ankle Brachial Index Measurements
Participants rested in the supine position for five minutes prior to ABI measurements. Using
a handheld Doppler Probe (Nicolet Vascular Pocket Dop II, Nicolet Biomedical Inc.,
Golden, Colorado), systolic blood pressures were measured in the following order: right
brachial artery, right dorsalis pedis and posterior tibial arteries, left dorsalis pedis and
posterior tibial arteries, and left brachial artery.1,3–7 Two sets of measurements for each
pressure were obtained: first in the order listed and then in reverse order. The mean of the
dorsalis pedis and posterior tibial pressures in each leg was divided by the mean of all four
brachial pressures to obtain the ABI value7. Subclavian stenosis was suspected if the same
brachial pressure was higher in both measurement sets, and there was a difference of at least
10 mm Hg between the brachial pressures in either measurement set. In these cases, the
average brachial pressure in the arm with highest pressure was used to calculate the ABI
value.8
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Comorbidities
Comorbidities assessed were diabetes, cardiac or cerebrovascular disease (angina,
myocardial infarction, stroke, and heart failure), pulmonary disease, and cancer, using
comorbidity algorithms from the Women's Health and Aging Study9. These comorbidity
algorithms combine data from patient report, medical record review, physical examination,
medications, laboratory values, and questionnaires completed by the participant's primary
care physician9. Algorithms from the American College of Rheumatology were used to
determine presence of knee and hip arthritis10,11.

Body Mass Index
Height (kilograms) and weight (meters) were measured. Body mass index (BMI) was
calculated as kilograms/(meter)2.

Leg Strength
A Musculoskeletal Fitness Evaluation (MFE) chair was used to measure isometric lower
extremity knee flexion, knee extension, hip flexion, and hip extension strength4,6. The MFE
chair has strain gauges connected to a computerized data collecting unit that records
isometric strength. Participants sat in the MFE chair and were instructed to build to their
maximum strength by pushing against leg attachments. Strength was recorded in Newton-
meters over five seconds. The highest recorded strength during the final three seconds was
used for analyses. Strength measurements were performed twice and averaged. Pearson
correlation coefficients between the first and second trials ranged from 0.90 (P<.001) to 0.96
(P<.001) for each strength measure. The leg strength value for the leg with the lowest ABI
was used in analyses4,6. If the ABI value was the same in both legs, strength from the right
leg was considered to be the index leg.

Six-minute walk
Following a standardized protocol1,5,6 participants walked up and down a 100-foot hallway
for six minutes after instructions to cover as much distance as possible. The distance
achieved at the end of six-minutes was recorded.

Cigarette Smoking and Physical Activity Measures
Cigarette smoking history was obtained using self-report. Participants' physical activity was
measured with a questionnaire derived from the Harvard Alumni Activity Survey that has
been previously validated12–13.

Death
The Social Security Administration death database was used to search for deaths. Additional
information on death was acquired from family members, proxies, and physicians of study
participants. The International Classification of Disease-10 codes in the range of 101.0
through 199.9 were used by a certified nosologist to identify deaths from cardiovascular
disease. The State of Illinois or medical records of the patient were used to obtain death
certificates13.

Statistical Analyses
Baseline characteristics between survivors and decedents were compared using analyses of
covariance, adjusting for age and sex. Among decedents, baseline characteristics between
those with vs. without death certificates were compared using t-tests for continuous
variables and chi-square tests for dichotomous variables.
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Prior study demonstrated distinct associations of leg strength with functional decline among
men and women with PAD6. Therefore, analyses were performed separately in men and
women with PAD. For the leg with lowest ABI, leg strength measurements were categorized
into four quartiles ranging from poorest (1st quartile) to highest strength (4th quartile).
Baseline characteristics of men and women, respectively, were compared across quartiles of
leg strength using t-tests for continuous variables and chi-square tests for dichotomous
variables. A P value for trend was used for these associations, which has more statistical
power to detect linear associations than a traditional P value. Cox proportional hazard
analyses were performed to compare differences in all-cause and cardiovascular mortality
across the leg strength quartiles among men and women, respectively, adjusting for age,
race, BMI, smoking history, diabetes, cardiac and cerebrovascular disease, pulmonary
disease, cancer, ABI, and physical activity. Analyses were repeated with additional
adjustment for six-minute walk performance, to determine whether significant associations
of leg strength with mortality were independent of functional performance.

In analyses for cardiovascular disease mortality, we imputed the cause of death when death
certificates were unobtainable, using methods proposed by Lu and Tsiatis14. The probability
of cardiovascular disease death was modeled using logistic regression. Results were used to
impute the unknown cause of death (cardiovascular vs. non-cardiovascular death). The Cox
regression analysis was performed using the imputed cause of death. The imputation and
corresponding regression analyses were repeated five times and the average of the ten
estimated regression coefficients was used to determine the hazard ratios for cardiovascular
death.

Because knee arthritis can potentially influence leg strength, participants with knee arthritis
were excluded from analyses of knee flexion and extension. Similarly, participants with hip
arthritis were excluded from analyses of hip flexion and extension. Two tailed P-values were
used, and analyses were considered statistically significant if the P-value was less than .05.
SAS statistical software version 9.2 (SAS Institute Inc, Cary, North Carolina) was used to
perform all analyses.

RESULTS
Of 460 WALCS participants with PAD, 422 (91.7%) completed one or more baseline
strength measure with the MFE. Of these, three (0.7%) died or were lost to follow-up before
the first annual follow-up visit. Eight participants were excluded because they had both hip
and knee arthritis and were therefore ineligible for inclusion in any analyses. An additional
participant was excluded because of missing data for physical activity. Of the remaining 410
PAD participants, 246 were men.

Of the 410 PAD participants eligible, 126 (30.7%) died during a mean follow-up of 60
months ± 22.6. Of these, cause of death was not available for 22 (17.4%). Among PAD
participants with known cause of death, 41 (39%) were due to cardiovascular disease and 31
(28%) were due to cancer. Among decedents, those without a death certificate included a
higher prevalence of women (55% vs. 30%, P=.026) and a lower prevalence of angina
pectoris (22.7% vs. 49.0%, P=.024), compared to those with a death certificate. Survival
time was greater for decedents without a death certificate (66.8 vs. 35.8 months, P < .001).
This is attributable to the time required to obtain death certificates and have them interpreted
by the nosologist. There were no other differences in characteristics of decedents with vs.
without death certificates (data not shown).

Average ages of survivors and decedents were 71.07 years ± 8.06 and 73.71 years ± 8.63,
respectively (P=.003). Fifty-seven percent of survivors vs. 69.5% of decedents were men
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(P=.106). Table 1 shows baseline characteristics of survivors and decedents among men and
women, respectively, adjusting for age. Among men, decedents had lower baseline ABI and
BMI values, included a higher proportion of African-Americans, and had higher prevalences
of diabetes mellitus, heart failure, cancer, and pulmonary disease as compared to survivors
(Table 1). Among men, decedents had poorer baseline six-minute walk performance and
lower baseline hip flexion, knee extension, and knee flexion strength compared to decedents
(Table 1). Among women, decedents had a higher prevalence of diabetes mellitus as
compared to survivors. There were no other differences in clinical characteristics between
women survivors and decedents (Table 1).

Tables 2 and 3 show baseline characteristics of male PAD participants across quartiles of
each strength measure. Older age and poorer six-minute walk performance were associated
with poorer strength for all strength measures among men (Tables 2 and 3). Lower BMI was
associated with poorer hip extension and lower ABI values were associated with poorer knee
flexion among men (Table 2). Higher prevalences of myocardial infarction and heart failure
were associated with poorer hip flexion and poorer knee extension among men (Tables 2
and 3). Lower physical activity levels were associated with lower hip flexion and a higher
prevalence of angina was associated with poorer knee extension at baseline.

Among women, poorer six-minute walk performance was associated with poorer strength
for all strength measures and older age was associated with poorer strength for hip flexion,
knee extension, and knee flexion (data not shown). Among women, there was a lower
prevalence of African-Americans among participants with poorer hip extension strength.
Lower ABI values were associated with poorer hip flexion and hip extension (data not
shown). Lower BMI values were associated with poorer hip flexion and knee flexion
strength among women (data not shown).

Leg Strength and All-Cause Mortality among Men with PAD
Among men, poorer baseline strength for knee flexion (P trend =.029), knee extension (P
trend = .010), and hip extension (P trend = .013) were each associated with higher all-cause
mortality, adjusting for age, race, BMI, smoking history, comorbidities, ABI, and physical
activity (Figure 1). In these adjusted analyses, men in the 1st and 2nd quartiles of knee
flexion strength had hazard ratios (HR) for all-cause mortality of 2.23 (95% Confidence
Interval (CI) = 1.02–4.87, P = .045) and 2.69 (95% CI = 1.23–5.88, P = .013), respectively,
compared to men in the 4th (best) quartile of knee flexion strength (Figure 1). Men in the 1st

and 2nd quartiles of knee extension strength at baseline had HRs for all-cause mortality of
2.91 (95% Confidence Interval (CI) = 1.30–6.53, P = .009) and 2.84 (95% CI = 1.20–6.70, P
= .017), respectively, compared to participants in the 4th (best) strength quartile (Figure 1).
Findings were similar when analyses were repeated among participants without death
certificates (data not shown).

The overall associations of hip extension strength and knee extension strength with all-cause
mortality remained statistically significant even after additional adjustment for six-minute
walk performance (P trend = .013 and P trend = .028, respectively). The association of lower
knee flexion strength with higher all-cause mortality was no longer significant when this
analysis was additionally adjusted for six-minute walk performance (P trend = .060). The
adjusted pairwise comparisons for the associations of the 1st and 2nd quartiles of knee
extension strength and for the 2nd quartile of knee flexion strength with higher all-cause
mortality, compared to the reference (highest) quartiles of strength, remained statistically
significant and were not substantially attenuated after additional adjustment for six-minute
walk performance (data not shown). These findings indicate that associations of poorer leg
strength with higher all-cause mortality were largely independent of six-minute walk
performance.
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Leg Strength and Cardiovascular Mortality among Men with PAD
Among men, poorer baseline strength for hip extension (P trend =.029) and knee flexion (P
trend = .042) were associated with increased cardiovascular mortality, adjusting for age, sex,
race, BMI, smoking history, comorbidities, ABI, and physical activity (Figure 2). In these
adjusted analyses, men in the 1st (poorest) strength quartiles for hip extension strength had
an HR for cardiovascular mortality of 5.00 (95% CI=1.09–22.93, p=0.048) and men in the
1st strength quartile for knee flexion strength had an HR for cardiovascular mortality of 4.20
(95% CI=1.12–15.79, p=0.044) compared to those in the 4th (best) quartile of hip extension
and knee flexion, respectively (Figure 2).

Among male PAD participants, the overall association of hip extension strength with
cardiovascular disease mortality remained statistically significant even after additional
adjustment for six-minute walk performance (P trend = .031). The association of knee
flexion strength with cardiovascular disease mortality was no longer statistically significant
when analyses shown in Figure 2 were additionally adjusted for six-minute walk
performance (P trend = .65). After additional adjustment for six-minute walk performance,
neither pairwise association between the 1st and 4th quartiles for hip extension strength and
knee flexion strength remained statistically significant (data not shown).

Leg Strength and Mortality in Women
Among women, there were no significant associations of leg strength with all-cause
mortality (Table 4). There were no significant interactions of gender with the associations
between leg strength and mortality (data not shown). There were too few cardiovascular
deaths among women (N=9) to assess associations of leg strength with cardiovascular deaths
among women.

DISCUSSION
Prior calf muscle biopsy data demonstrate that lower extremity ischemia is associated with
smaller Type 1 and Type 2 muscle fibers and muscle dennervation.15 Among individuals
without lower extremity revascularization, PAD is associated with reduced lower extremity
strength compared to those without PAD.4 To our knowledge, associations of lower
extremity strength with mortality have not been reported previously among men and women
with PAD, who have more adverse calf muscle characteristics and poorer lower extremity
strength compared to people without PAD.

Findings reported here demonstrate that poorer strength for knee flexion, knee extension,
and hip extension, respectively, are associated significantly and independently with higher
all-cause mortality at five-year follow-up among men with PAD. Poorer hip extension and
knee flexion strength are associated with increased cardiovascular disease mortality among
men with PAD. These findings were independent of the ABI, BMI, comorbidities, and other
confounders. In contrast, we found no significant associations of baseline leg strength with
mortality among women with PAD.

Poorer lower extremity strength may predict increased mortality in men with PAD because it
reflects overall health status. Lower extremity strength could be a sensitive measure of
systemic atherosclerosis or may reflect total comorbidity burden. In support of these
theories, lower baseline strength for some measures was associated with lower ABI values
and more prevalent comorbidities among men.

Our prior work demonstrates that poorer lower extremity functional performance, such as
six-minute walk performance, is associated independently with increased risk of all-cause
and cardiovascular disease mortality in participants with PAD16. In the current analyses,
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associations of poorer lower extremity strength with greater all-cause mortality were largely
unchanged, even after adjustment for six-minute walk performance. These findings indicate
that leg strength adds to and is independent of six-minute walk performance as a predictor of
all-cause mortality in men with PAD. However, associations of leg strength with
cardiovascular disease mortality were largely attenuated and no longer statistically
significant after additional adjustment for six-minute walk performance. Furthermore, the
six-minute walk test is likely to be a more practical measurement in the clinical setting than
leg strength measures.

Reasons for differences in the association of leg strength with mortality among men and
women with PAD are unclear. Leg strength may be a better surrogate measure of overall
health among men than among women. In addition, the larger sample size of men and
greater number of deaths among male as compared to female participants increased
statistical power to detect an association among men.

This study has limitations. First, participants were identified from non-invasive vascular
laboratories and a large general internal medicine practice. PAD was defined based on an
ABI < 0.90. Results may not be generalizable to PAD populations in other settings or to
PAD patients who have ABI values > 0.90. Second, data are observational. A causal
association between reduced leg strength and mortality cannot be established based on these
data. Third, data available to us do not allow us to identify the causal pathway for
associations of poorer leg strength with increased mortality in persons with PAD. Fourth, we
did not collect data on physical activity levels prior to study entry or participation in leg
strengthening exercises, both of which may have influenced baseline leg strength. Fifth, we
did not collect data allowing us to determine whether decrements in leg strength among the
PAD participants were primarily related to an intrinsic skeletal muscle pathology vs. motor
nerve conduction pathology. Sixth, older age was associated strongly with both leg strength
and mortality. Residual confounding by age may influence the associations of leg strength
and mortality in adjusted analyses. To address this, we performed additional analyses of
associations of leg strength with mortality, stratified by age. These analyses were consistent
with the main study findings, though results were slightly attenuated.

Men and women with PAD have poorer leg strength than those without PAD. Yet even
across the spectrum of reduced leg strength in men with PAD, poorer leg strength is
associated with higher mortality. Recent study demonstrates that lower extremity resistance
training significantly improves treadmill walking performance and quality of life among
participants with PAD.17. . Further study is needed to determine whether interventions that
improve lower extremity strength reduce all-cause and cardiovascular disease mortality rates
in men with PAD.
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Figure 1.
Adjusted associations of baseline lower extremity strength with all-cause mortality among
men with peripheral arterial disease (n=246).*
* Analyses adjust for age, race, body mass index, comorbidities, smoking, ankle brachial
index, and physical activity level.
Number of deaths per quartile:; Knee Flexion: 1st: 24, 2nd: 25, 3rd : 18, 4th: 10; Knee
Extension: 1st: 30, 2nd: 18, 3rd : 20, 4th: 9; Hip Extension: 1st : 27, 2nd: 26, 3rd: 15, 4th: 12;
Hip Flexion: 1st: 27, 2nd: 26, 3rd: 14, 4th: 13
*indicates that the upper bound of the error bar is not within the y-axis of the graph. P values
under each quartile represent results of a pairwise comparison with the reference group.
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Figure 2.
Adjusted associations of baseline lower extremity strength with cardiovascular disease
mortality among men with peripheral arterial disease (n=246).*
* Analyses adjust for age, race, body mass index, comorbidities, ankle brachial index,
smoking, and physical activity level.
Number of deaths per quartile is not provided because imputations were performed due to
missing death certificates for some participants. * Indicates that the upper bound of the error
bar is not within the y-axis of the graph. P values under each quartile represent results of a
pairwise comparison with the reference group.
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Table 4

Adjusted Associations of Leg Strength with All-Cause Mortality among Female Participants with Peripheral
Arterial Disease (N=164)*

Strength Measure Number of Female Participants Number of Deaths Hazard Ratio (95% Confidence
Interval) Trend P Value

Hip Extension

1st quartile 39 9 0.87 (0.30–2.52)

.597
2nd quartile 41 14 1.68 (0.63–4.48)

3rd quartile 41 11 1.97 (0.67–5.82)

4th quartile 41 8 1.00 (reference)

Hip Flexion

1st quartile 39 11 0.63 (0.23–1.77)

.515
2nd quartile 41 13 1.41 (0.54–3.67)

3rd quartile 41 10 0.88 (0.34–2.28)

4th quartile 41 9 1.00 (reference)

Knee Extension

1st quartile 34 11 0.81 (0.28–2.30)

.195
2nd quartile 36 6 0.33 (0.09–1.20)

3rd quartile 36 13 1.79(0.62–5.19)

4th quartile 35 7 1.00 (reference)

Knee Flexion

1st quartile 34 9 1.12 (0.37–3.40)

.740
2nd quartile 36 9 0.67 (0.23–1.98)

3rd quartile 36 12 1.59 (0.57–4.40)

4th quartile 36 7 1.00 (reference)

*
Analyses adjust for age, race, body mass index, comorbidities (diabetes, angina, myocardial infarction, heart failure, pulmonary disease, cancer),

ankle brachial index, and number of blocks walked during the prior week.
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