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Abstract
Objective—Because depressive symptoms are prevalent among patients with peripheral arterial
disease (PAD), our goal was to study the effect of depressive symptoms over time on functional
decline among patients with PAD.

Methods—We conducted a prospective cohort study of 417 patients with PAD followed annually
for 2 years. A Geriatric Depression Scale Short Form (GDS-S) score >5 was considered positive for
depressive symptoms. Depressive symptom categories based on annual GDS-S measures included
persistent, new, resolved, and no depressive symptoms. Outcome variables were change in 6-minute
walk distance, 4-meter fast walking velocity, and short physical performance battery (0–12 scale, 12
= best). Results are adjusted for age, sex, race, body mass index, marital status, exercise level,
smoking, ankle brachial index, leg symptoms, comorbidities, beta-blocker medication use, anti-
depressant medications, and interim medical events.

Results—In adjusted analyses, patients with new depressive symptoms had greater annual decline
in fast walking velocity compared with that of patients with no depressive symptoms (−0.08 versus
−0.01 meters/second per year, p = .02). Patients with persistent depressive symptoms had greater
annual decline in 6-minute walk distance (−86.4 versus −41.5 feet/yr, p = .04), fast walking velocity
(−0.08 versus −0.01 meters/second per year, p = .004), and short physical performance battery (−0.73
versus −0.18 per year, p = .005) compared with that of patients with no depressive symptoms.

Conclusions—Among patients with PAD, persistent and new depressive symptoms are associated
with greater annual decline in functional performance. Further study is needed to determine the
mechanisms of these associations and whether treatment of depressive symptoms prevents functional
decline in persons with PAD.
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Introduction
Compared with patients without lower extremity peripheral arterial disease (PAD), patients
with PAD have more functional impairment and a faster rate of decline in lower extremity
functioning leading to more disability (1–4). Risk factors contributing to PAD-related decline
are still not fully understood and there are few effective treatments for PAD to abate this decline.
Coexisting conditions such as depression might affect the evolution of functional decline in
PAD. The identification of mechanisms of functional decline in patients with PAD could lead
to the development of new therapies for preventing functional decline in these patients.
Specifically, if greater depressive symptoms are associated with an increased rate of functional
decline in PAD, then identifying and treating depressive symptoms might improve the outcome
of PAD patients.

With up to 26% of patients with PAD having a significant number of depressive symptoms
(5), depression is a prevalent comorbidity among these patients. Our previous work shows that
depressive symptoms are associated with functional impairment among patients with PAD in
cross-sectional data (5). However, the association between depressive symptoms and objective
measures of functional decline in persons with PAD has not been studied previously. Although
prior studies have shown that depression is associated with increased rates of functional decline
in non-PAD patients (6–8), it is unclear whether this association occurs in PAD patients.
Because patients with PAD have greater functional impairment than non-PAD patients and a
higher prevalence of significant depressive symptoms (1–3), it is important to study the
association between depressive symptoms and functional decline among patients with PAD.

In this study, our main objective was to examine the longitudinal effects of depressive
symptoms and change in depressive symptoms on functional decline. We hypothesized that
patients with persistent or new depressive symptoms would have more functional decline than
would those with resolved or no depressive symptoms.

Methods
We performed a prospective cohort study of men and women with PAD enrolled in the Walking
and Leg Circulation Study (WALCS) (3), a prospective observational study of adults age ≥55.
The Institutional Review Board at Northwestern University approved the study. Cohort
participants were enrolled from October 1998 through January 2000. All PAD participants had
a confirmed ankle brachial index (ABI) of <0.90 at their baseline visit. Outcome measures
were performed at baseline and at two annual follow-up visits.

Exclusion Criteria
Exclusion criteria have been previously reported (4). Patients who were nursing home
residents, wheelchair-bound, or had dementia, recent major surgery, or foot or leg amputations
were excluded. Non-English speaking patients were excluded because investigators were not
fluent in non-English languages. Participants who underwent interim lower extremity
revascularization or hip replacements were excluded from analyses because these procedures
are likely to substantially influence the natural history of lower extremity functioning
independent of depressive symptoms. There were no exclusion criteria based on depressive
symptom score.

Depressive Symptom Categories
Depressive symptoms were measured annually using the Geriatric Depression Scale Short
Form (GDS-S), a 15-item questionnaire with scores ranging from 0 to 15 assessing the number
of depressive symptoms (9). The objective of our analysis is to evaluate the effect of a
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longitudinal pattern of depression on functional performance. Treating the GDS-S score as a
continuous variable would not allow for a simple summary measure of the presence or absence
of depression for this objective. For these reasons, we used the cutpoint of GDS-S score >5 for
the creation of the depression pattern categories because a score of >5 has been shown in a
prior study to have a sensitivity of 92% and a specificity of 81% for clinical depression, as
defined by the Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised
(DSM-IIIR) (9).

To capture the dynamic nature of depressive symptoms, we coded depressive symptoms in
each follow-up year as a four-state ordinal variable based on the results of each follow-up year
and the prior year GDS-S scores. At each follow-up visit, depressive symptom status was
determined relative to the prior year. At the first follow-up visit (FV-1), four categories were
defined: persistent depressive symptoms (a score >5 at baseline and FV-1), new depressive
symptoms (a score ≤5 at baseline but a score >5 at FV-1), resolved depressive symptoms (a
score >5 at baseline but a score ≤5 at FV-1), and no depressive symptoms (the reference group,
a score ≤5 at baseline and FV-1). These same categories were defined at the second follow-up
visit (FV-2) based on the depressive symptom status at FV-2 relative to FV-1. The four-state
depressive symptom variable may be interpreted as a reflection of depressive symptoms for
each one-year follow-up period. Each participant could contribute up to two person-years of
follow-up.

Functional Performance Measures
Six-minute Walk Distance—In older adults, the 6-minute walk test is a better measure of
community walking ability than is treadmill performance (10–13). In accordance with a
standardized protocol (14), participants were instructed to walk up and down a 100-foot
hallway for 6 minutes, covering as much distance as possible during that time.

Rapid Pace 4-meter Walking Velocity—Walking velocity was measured with a 4-meter
walk performed at “fastest” pace. The walk was performed twice and the faster walk velocity
was used in the analyses (15,16).

Short Physical Performance Battery—This global measure of lower-extremity function
combines data from three tests: usual paced 4-meter walking velocity, standing balance, and
time to rise five times consecutively from a seated position (15,16). The short physical
performance battery predicts mobility loss, nursing home placement, and mortality among
community-dwelling elders (15,16). To calculate the short physical performance battery score,
a score of 0 to 4 was assigned for performance on each test, based on cut-points derived from
normative data of community samples (15,16). These scores were combined to obtain the short
physical performance battery score (range 0 to 12, 12 = best).

Education Level
Education level was categorized by the highest level of education completed: less than high
school, high school or college graduate, and graduate or professional school.

Marital Status
Marital status was assessed by patient self-report. Response choices included a) married or
living with a partner as if married; b) divorced, separated, or widowed; and c) single.

Current Smoking
Current cigarette smoking was assessed by patient report.
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Ankle Brachial Index (ABI)
Using established methods, a hand-held Doppler probe (Nicolet Vascular Pocket Dop II,
Golden, CO) was used to obtain systolic pressures in the right and left brachial, dorsalis pedis,
and posterior tibial arteries (17,18). Each pressure was measured twice. The ABI was calculated
in each leg by dividing the mean of all four dorsalis pedis and posterior tibial pressures by the
mean of the four brachial pressures (17). Average brachial pressures in the arm with the highest
pressure were used when one brachial pressure was higher than the opposite brachial pressure
in both measurement sets, and the two brachial pressures differed by 10 or more mm Hg,
because, in such cases, subclavian stenosis was possible (17,18). The lowest leg ABI was used
in analyses.

Body Mass Index
Body Mass Index (BMI) was calculated as weight in kilograms divided by height squared in
meters.

Exercise Level—At each visit, participants were asked how often they walked for exercise
during the prior two weeks. Exercise frequency was entered as a categorical variable (none,
≤3 times/wk, >3 times/wk) because of the extremely left-skewed distribution.

Antidepressant Use or Beta-Blocker Use
Participants listed their medications at each visit. The study principal investigator (M.M.M.)
reviewed all medications and classified them according to whether each was an antidepressant
medication, beta-blocker medication, or other medication class. The study principal
investigator was blinded to other patient characteristics during this classification.

Comorbidities
Comorbidities were identified and adjudicated annually based on algorithms developed for the
Women's Health and Aging Study (19). These algorithms combine data from patient report,
physical examination, medical record review, medications, laboratory values, and physician
questionnaire. We used the American College of Rheumatology criteria to diagnose knee and
hip arthritis (20,21). Comorbidities assessed included diabetes mellitus, pulmonary disease,
musculoskeletal conditions, cardiac disease, stroke, coronary or carotid revascularization, and
cancer. Musculoskeletal conditions included lower-extremity arthritis, sciatica, herniated disk,
and spinal stenosis. We defined cardiac disease as the presence of angina, myocardial
infarction, or heart failure. Coronary or carotid revascularization included carotid
endarterectomy, percutaneous coronary angiography, and coronary artery bypass surgery.
Cancer was defined as history of any cancer other than nonmelanoma skin cancer.

Leg Symptoms
Leg symptoms were categorized into five groups, using the San Diego claudication
questionnaire (2). Four groups had exertional leg symptoms based on an affirmative response
to the question, “Do you get pain in either leg or buttock on walking?” and were further
classified as a) intermittent claudication; b) leg pain on exertion and rest; c) atypical exertional
leg pain/carry on (exertional leg symptoms that do not stop the individual from walking); d)
atypical exertional leg pain/stop (exertional leg symptoms that stop the individual from
walking, but are otherwise not consistent with classic intermittent claudication). A fifth group
was defined as asymptomatic (no exertional leg pain).
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Statistical Methods
Baseline characteristics stratified by depressive symptom category were compared using
general linear models for continuous variables and chi-square tests for categorical variables.

We used mixed effects linear regression models (22) with annual changes in functional
performance measures as the response variable to evaluate the dynamic association between
depressive symptoms and changes in functional performance measures. A subject-specific
random-effect model was used to account for the potential correlations among successive
annual differences in each functional measure of the same participant.

In our multivariable model, we included baseline values for age, education, smoking status,
diabetes mellitus, pulmonary disease, and musculoskeletal conditions. For each follow-up visit,
we also included time-dependent variables using prior year values for functional performance,
exercise level, and ABI. We included time dependent variables, using values from the same
follow-up visit, for BMI, marital status, antidepressant use, beta-blocker use, and leg
symptoms. For cardiac disease, coronary or carotid revascularization, stroke, and cancer, we
hypothesized that participants would be affected differently by recent events compared with
more distant events. Thus, for these comorbidities, we included separate variables for events
occurring a) since the previous year's visit and b) before the previous year's visit.

We chose to include the above covariables because we considered them as potential
confounders in the relationship between depression and functional performance. For example,
significant comorbidities may be expected to be associated with decline in functioning (23).
Smoking has been shown to be associated with progression of PAD (24,25). Exercise, BMI,
ABI, and leg symptoms have been shown to be associated with functional impairment or
decline, or both (3,4,23,26,27). Education is also a reasonable determinant of functional decline
(28,29). The additional covariables, marital status and beta-blocker use, were added to the
multivariable model in response to comments from peer review.

The missing data were handled using a pattern-mixture model in the mixed effects linear
regression analysis. Specifically, the different patterns of missing data were included in the
analysis as binary indicator covariates. By including patterns of missing data in the analyses
and averaging over these patterns using adjusted least squares means, one can obtain an
unbiased estimate of the marginal means when one can not ignore the missing data (30).

As requested by peer review, we also performed sensitivity analyses using current and prior
years' GDS scores as continuous variables in the mixed effects linear regression to confirm
that the categorization of GDS scores did not lead to artificial findings. The results from these
analyses were similar to those reported in this article. We chose to present the multivariable
model using the depressive symptom categories created using dichotomized GDS scores
because a) our primary research question was to examine the longitudinal effects of specific
predefined categories of depression status on functional performance; b) the cutpoint of a GDS
score >5 has been commonly used clinically as a depression screen; c) for ease of interpretation;
and d) statistical testing of our data suggest that the relationship between the change in GDS
scores and functional performance measures is not linear for the 6-minute walk.

Analyses were performed using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC). All
p values were 2 tailed, and p < .05 was considered statistically significant.

Results
At baseline, the WALCS study included 460 patients with PAD (3). Four hundred ten PAD
patients returned for FV-1 (26 had died or dropped out, 17 had interim lower-extremity
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revascularization, and 7 had hip or knee replacement surgery). Three hundred fifty-two patients
were evaluated at FV-2 (35 had died or dropped out, 16 had lower-extremity revascularization,
and 7 had hip or knee replacement surgery) (Figure 1). At FV-1, 352 had complete data on
depression assessment for depression categorization. After FV-2, 313 had complete data for
depression categorization.

At baseline, the prevalence of more than five depressive symptoms was 24.5% among this
cohort. At FV-1, 70.3% of these individuals had persistent depressive symptoms, whereas
29.7% had resolution of their depressive symptoms. Of those without depressive symptoms at
baseline, 14.2% developed new depressive symptoms at FV-1. At FV-2, 66.3% of those with
more than five depressive symptoms at the prior year's visit had persistent depressive
symptoms, whereas 33.7% had resolution of their depressive symptoms. Of those without
depressive symptoms at FV-1, 8.9% developed new depressive symptoms. Of the 665 person-
years of follow-up, 117 (17.6%) person-years were from individuals with persistent depressive
symptoms, 58 (8.7%) from individuals with new depressive symptoms, and 54 (8.1%) from
individuals with resolved depressive symptoms.

Table 1 shows cohort characteristics stratified by depressive symptom category. PAD
participants with persistent depression were less educated, were more likely to be female, and
had an increased prevalence of stroke, pulmonary disease, musculoskeletal disease, and
antidepressant use compared with the group without depressive symptoms. Individuals with
persistent depressive symptoms also had more leg symptoms and a lower prevalence of walking
for exercise at least three times per week. Individuals with persistent depressive symptoms had
significantly lower 6-minute walk distances, 4-meter fast walking velocities, and short physical
performance battery scores at baseline than did individuals with no depressive symptoms.
Participants with resolved depression were younger and had an increased prevalence of
diabetes mellitus and cardiac disease compared with those without depressive symptoms (Table
1).

Compared with their baseline performance, the referent group, PAD patients with no depressive
symptoms, had a statistically significant average annual decline in 6-minute walk distance
(−41.5 feet, 95% confidence interval (CI) −76.9 to −6.2), a statistical trend toward an average
annual decline in fast 4-meter walking velocity (−0.01 meters/second per year, 95% CI −0.05
to 0.02), and an average annual decline in the short physical performance battery (−0.18 per
year, 95% CI −0.51 to 0.15).

In analyses adjusted for age, gender, race, marital status, BMI, ABI, education, comorbidities,
exercise level, smoking status, antidepressant and beta-blocker medications, leg symptoms,
and baseline performance scores, PAD patients with persistent depressive symptoms had a
significantly greater average annual decline in 6-minute walk distance (−86.4 feet/yr versus
−41.5 feet/yr, p = .04), fast 4-meter walking velocity (−0.08 meters/second per year versus
−0.01 meters/second per year, p < .01), and short physical performance battery (−0.73 per year
versus −0.18 per year, p < .01) than did those with no depressive symptoms (Figure 2). PAD
patients with new depressive symptoms had a significantly greater average annual decline in
fast 4-meter walking velocity compared with the rate of those with no depressive symptoms
(−0.08 meters/second per year versus −0.01 meters/second per year, p = .02). PAD patients
with resolved depressive symptoms did not differ significantly in annual rate of decline in any
of the performance measures compared with those with no depressive symptoms (Figure 2).

To better understand the magnitude of the association of persistent or new depressive symptoms
and annual decline in functional performance measures, we compared the effect sizes with
those of other clinical comorbidities or events. For example, the association between persistent
depressive symptoms and average annual decline in 6-minute walk distance is of the same
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order of magnitude as having diabetes mellitus or having had a coronary or carotid
revascularization procedure more than a year ago (Figure 3). Although recently diagnosed
stroke or cancer were not statistically significantly associated with decline in 6-minute walk
distance, the magnitudes of their associated effect sizes are similar to that of persistent
depressive symptoms (Figure 3).

With regard to annual change in fast 4-meter walking velocity, a history of pulmonary disease
had an association with an effect size similar to that of persistent depressive symptoms (Figure
4). Although the effect size for stroke within the past year on fast 4-meter walking velocity
was not statistically significant, the effect size was similar to that of persistent or new depressive
symptoms (Figure 4). Persistent depressive symptoms were associated with a magnitude of
annual decline in short physical performance battery score comparable with that of a cardiac
event occurring within the past year (Figure 5).

Discussion
PAD patients who were persistently depressed had a greater average annual decline in objective
measures of functioning than did PAD patients without any depression at either the beginning
or end of the year of follow-up. Among patients with PAD, the magnitude of the association
between persistent depressive symptoms and functional decline is comparable with that of
recent cardiovascular events. These associations persisted after adjustment for known and
potential confounders.

These findings underscore the importance of identifying depressive symptoms among PAD
patients. A previous study showed that persons with PAD have an increased rate of functional
decline compared with that of persons without PAD (4). Results reported here show that PAD
patients with persistent depressive symptoms are at particularly increased risk of functional
decline. Given the important impact of functional performance on use of medical services and
quality of life (8), treatment of depressive symptoms should be considered as a potentially cost-
effective intervention among patients with PAD. However, further study is needed.

Previous studies have found that the chronicity of depression increases its impact on functional
status in the elderly without PAD (31,32). One study showed that treatment of depression
improves self-reported physical functioning in elders (33). To our knowledge, no prior studies
have prospectively assessed associations between depressive symptoms or the chronicity of
depressive symptoms and functional decline in persons with PAD.

Several limitations must be considered when interpreting our results. First, there were relatively
small numbers of person-years of follow-up representing new or resolved depressive
symptoms. Second, because only those who completed the questionnaires were included, there
is the potential for survivor bias. The nonsurvivors or those who dropped out of the study had
a higher prevalence of depressive symptoms. For example, the 26 participants who died or
were lost to follow-up before FV-1 had a greater mean GDS-S score than that of the 434
participants who had a first year follow-up visit (5.25 versus 3.18, p = .002). However, this
bias would lead to an underestimation of the association between depressive symptoms and
functional decline. Third, the assessment of functional performance depends on participant
motivation, and potential lack of effort among patients with persistent depression could lead
to underestimation of functional performance. This limitation is less important when looking
at intra-individual change in performance. Fourth, in the multivariable analyses, the time-
dependent variables of ABI or walking exercise frequency can be entered for the same year's
values in order to account for effects as confounders rather than using the prior year's values
in order to examine their effects as predictor variables. However, even with exercise frequency
or ABI modeled using the same year's values in alternative models, the findings were consistent
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with those reported above. Fifth, as in all measures of association, there is the possibility of
unmeasured confounders such as the impact of comorbidity severity or medication adherence
on our findings.

One potential mechanism for the association between depressive symptoms and functional
decline is a lower activity level among depressed participants. Greater depressive symptoms
have been previously shown to be associated with reduced frequency of walking for exercise
(34,35). In our cohort, the association between depressive symptoms and functional decline
was present even after accounting for frequency of walking for exercise in multivariable
models. Supervised and self-directed exercise has been shown to be associated with
improvement or less decline in lower extremity performance among patients with PAD (27,
36,37). However, other studies have not demonstrated consistent benefits of unsupervised
exercise on walking performance (37,38).

Other potential mechanisms for the association between depressive symptoms and greater
functional decline include the possibility that depressed patients have higher levels of
inflammation than do nondepressed patients. Compared with nondepressed adults, depressed
but otherwise healthy adults have higher circulating levels of interleukin-6 (39–41).
Interleukin-6 is associated with increased rates of functional decline in the elderly (42,43).
Depression could also trigger dysregulation of the neurohormonal systems responsible for
cortisol and catecholamine secretion (44).

In summary, we found that among patients with PAD, persistent depressive symptoms are
associated with a greater rate of annual decline in functional performance compared with that
of patients with resolved or no depressive symptoms. The magnitude of this association was
comparable with that of recent cardiovascular events on functional decline. Given the high
prevalence of depressive symptoms among patients with PAD and the relative lack of
interventions to prevent declining functional status among patients with PAD, further studies
are needed to determine the mechanism of this association and whether screening for and
treating depressive symptoms could decrease the rate of decline in lower extremity functioning
among persons with PAD.
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Glossary
ABI  

Ankle Brachial Index

BMI  
Body Mass Index

FV-1  
first follow-up visit

FV-2  
second follow-up visit

GDS-S  
Geriatric Depression Scale Short Form

PAD  
Peripheral Arterial Disease

WALCS  
Walking and Leg Circulation Study
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Figure 1.
Participant recruitment and follow-up flowchart.
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Figure 2.
Adjusted annual change in (A) 6-minute walk distance, (B) fast 4-meter walking velocity, and
(C) short physical performance battery, by depressive symptom category among persons with
peripheral arterial disease. *p < .05 compared with no depressive symptoms.
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Figure 3.
Adjusted magnitudes of annual change in 6-minute walk distance for various clinical factors
among persons with peripheral arterial disease. The lines around the point estimates represent
95% confidence intervals (CIs).
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Figure 4.
Adjusted magnitudes of annual change in fast 4-meter walking velocity for various clinical
factors among persons with peripheral arterial disease. The lines around the point estimates
represent 95% CIs.
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Figure 5.
Adjusted magnitudes of annual change in short physical performance battery for various
clinical factors among persons with peripheral arterial disease. The lines around the point
estimates represent 95% CIs.
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