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Background: Peripheral arterial disease (PAD) is common in people referred for cardiac rehabilitation (CR).
However, the associations between PAD diagnosis and CR attendance and mortality remain to be defined.
Methods:All patients referred to a 12-week exercise-based CRprogramwere included. Associations between PAD
diagnosis and starting CR as well as between PAD diagnosis and completing CR were measured using multivar-
iable logistic regression. Associations between CR completion and mortality were measured using adjusted Cox
proportional hazards models, and a propensity-based matching sensitivity analysis was performed.
Results: 23,215 patients (mean age 61.3 years; 21.6% female) were referred to CR; 1366 (5.9%) had PAD. Those
with PAD were less likely to start CR (57.0% vs 68.2%, adjusted OR 0.81, 95%CI 0.72, 0.91) and complete CR if
they started (70.6% vs 76.7%, adjusted OR 0.80, 95%CI 0.68, 0.94). Patients with PAD completing CR had lower
exercise capacity at baseline (6.6 vs. 7.6 METs, p b 0.0001) and completion (7.5 vs 8.6 METs, p b 0.0001). There
were 3510 deaths over follow-up; 10-year survival was lower in those with PAD (66.9 vs 84.5%; p b 0.0001).
CR completion was associated with lower mortality for all (adjusted HR 0.62 (95%CI 0.57, 0.67)), and the
magnitude of the association was independent of PAD status.
Conclusions: Patients with PAD referred to CR had a higher mortality than those without, and were less likely to
start and complete CR. Completion of CR was associated with improved fitness and survival for PAD patients.
These data support broader use of CR by those with PAD.

© 2019 Published by Elsevier B.V.
Keywords:
Cardiac rehabilitation
Peripheral arterial disease
Outcomes
1. Introduction

Peripheral arterial disease (PAD) is an atherosclerotic disease
causing stenosis and occlusion of non-coronary and non-cerebral
vessels. Patients may be asymptomatic or have symptoms ranging
from claudication to critical limb ischemia (CLI), where patients
experience rest pain, digital gangrene, or lower extremity ulcers.
Patients with PAD frequently have other cardiovascular diseases and
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risk factors, including hypertension, dyslipidemia, diabetes, genetic fac-
tors and smoking. Patientswith PADare vulnerable to a high rate of CVD
events and cardiovascular mortality [1].

Patientswith PAD require risk factormodification, appropriate phar-
macological therapy and exercise training to optimize outcomes. There
are extensive data showing the benefits of both supervised and home
exercise programs in patientswith PAD [2]. Studies have shown that ex-
ercise programs can be as effective as surgical interventions in increas-
ingmaximalwalking distance as well as increasing quality of life among
PAD patients [2]. Established cardiac rehabilitation (CR) program de-
livers these interventions in a comprehensive way.

The efficacy of CR programs is well established in subjects with
coronary artery disease (CAD): completion of a CR program improves
fitness, decreases risk of re-hospitalization, and reduces mortality
[3,4]. Though there are randomized trial data supporting that CR im-
proves symptoms and quality of life for patients with PAD, whether
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there is a mortality benefit is less well established. Additionally,
starting a CR program may be less likely in subjects with PAD,
given mobility limitations and comorbidities [5–7]. Further, given
exercise limitations inherent with PAD, subjects with PAD may
be less likely to complete CR or demonstrate improvements in exercise
capacity [8,9].

The objectives of our study were to assess: (1) the association be-
tween PAD diagnosis and starting CR, (2) the association between
PAD diagnosis and completing CR; (3) the association between CR
completion and mortality, overall as well as for those with and without
PAD; (4) the association between PAD diagnosis and change in exercise
time and cardiorespiratory fitness.

2. Method

In Calgary, AB, Canada, CR has been provided by the Total Cardiology Rehabilitation
(TCR), a single centralized program, since 1996. A comprehensive 12-week, exercise
based CR program is offered to all patients referred. The reason for referral, provincial
health number, and baseline demographics are recorded for all referrals received, regard-
less of attendance. Patients with a first referral for CR for coronary artery disease from the
inception of the programwho underwent coronary catheterization beforeMarch 31, 2016
made up the study population.

2.1. Data sources & patient selection

The Alberta Provincial Project for Outcomes Assessment in Coronary Heart Disease
(APPROACH) database was used to obtain further information on all patients. The
APPROACH database has captured information on all patients undergoing cardiac cathe-
terization in Alberta since 1995 [10]. The TCR and APPROACH databases were linked
through the use of provincial health numbers. Patients were excluded if they were
under 18 years of age, did not have a valid provincial health number or if they did not sur-
vive for at least 6 months after catheterization [3].

2.2. Study variables

The TCR database was used to identify those who were referred for and
completed CR. The APPROACH database linkagewas used to obtain further clinical co-
variates. At the time of catheterization, data are prospectively collected in APPROACH
on comorbidities, including age, sex, family history, hypertension, hyperlipidemia,
diabetes mellitus, lung disease, cerebrovascular disease, congestive heart failure, pe-
ripheral vascular disease, renal disease, need for dialysis, gastrointestinal or liver dis-
ease and diagnosis of malignancy. In APPROACH, peripheral arterial disease is defined
as either the presence of typical symptoms of claudication, or prior corrective
surgery, angioplasty or amputation to the extremities. Also recorded are results of
coronary catheterization (including coronary anatomy, as summarized by the Duke
jeopardy score) and ejection fraction [10]. Because clinical covariates are captured
only at the time of the initial catheterization, only those who were referred for CR
within 1 year of their catheterization were included to ensure that the covariate
data reasonably reflected the state of the patient as they appeared at CR.

2.3. Intervention

All the patients who started CR underwent a baseline assessment that included a
graded exercise test (GXT) on a treadmill to determine peak metabolic equivalents
(METs). The peak MET value was calculated from treadmill speed and grade during the
final stage of the exercise protocol using an established equation [11]. Exercise testing
was repeated at CR completion (12 weeks). Subjects were also asked to report their exer-
cise frequency and exercise time per sessions at program start and completion. Subjects
were categorized as doing no exercise (zero minutes/week), some exercise at baseline
(0–150 min/week) or meeting exercise targets (≥150 min) at baseline and 12 weeks
[12]. Beginning in 2004, subjects additionally had their depressive symptoms measured
at CR start and completion using the Hospital Anxiety and Depression Scale Depression
Index (HADS-D) [13,14]. Based on their scores, subjects were classified as having normal
(0–7), mild (8–10), moderate (11–14), or severe (15–21) symptoms.

2.4. Outcomes

Outcomes of interest included starting CR, completing CR, andmortality. Additionally,
exercise capacity at baseline and completion, exercise times and HADS depressive symp-
tomswere considered at program start and completion for all subjects who completed CR.
Mortality was considered only after the date onwhich subjects attended their first CR ses-
sion. For subjects who did not attend at least 1 session of CR, their outcomes were consid-
ered after themedian time from catheterization to CR attendance, 74 days. Follow-upwas
complete to March 31, 2017.
2.5. Statistical methods

Continuous variables were tested for the normality of their distribution and are pre-
sented as means with standard deviation or medians with interquartile range, and differ-
ences between those with andwithout PADwere assessed using t-Tests or Kruskal-Wallis
tests as appropriate for normal or non-normally distributed variables. Categorical vari-
ables are presented as counts and percentages and were analyzed using the Chi-square
test or ANOVA if there were three or greater outcome categories. Separate logistic regres-
sionmodels were used to determine the association between PAD and starting CR, the as-
sociation between PAD and completing CR among those who start. Initial models were
unadjusted, and then adjusted for all available co-variables as listed above. Cox propor-
tional hazard models were then used to determine the association between CR status
and survival. These models were adjusted for all available clinical risk factors (as noted
above), severity of CAD (Duke jeopardy score), and ejection fraction. Multiple interaction
terms were constructed to assess interactions between PAD and patient characteristics; in
particular, to address issues around sex and PAD, interaction terms were created to assess
the differential impact of PAD on CR attendance, completion and CR association reduction
inmortality inwomenwith PAD [15]. Potential interactions between PAD and CR comple-
tion in termsof survivalwere assessed in twoways:first,models looking at the association
between CR completion and mortality were stratified by PAD status; second, a model in-
cluding a CR*PAD interaction term was built. Finally, we also performed a propensity-
matched analysis as a sensitivity test. We calculated the propensity to PAD using logistic
regression, including all baseline variables as listed above. The propensity score was
then used to match subjects with PAD to those without in a greedy 1-to-1 manner using
psmatch2 within Stata (version 14; Stata Corp, College Station, TX) [16]. Balance in the
matched groups was assessed by looking at the standardized differences between groups,
with a difference of 10% deemed acceptable [17]. The associations between PAD and
starting CR, PAD and completing CR, and completing CR andmortality were then assessed
in the matched cohort.

Among those subjects who completed CR, difference in exercise capacity at
baseline and 12 weeks, as well as differences in changes in exercise capacity
over the course of CR, were compared between those with and without PAD using
t-tests. Additionally, HADS scores and exercise times at start and finish were com-
pared between groups.

A 2-tailed value of P 0.05 was defined as statistically significant. All statistical analyses
were conductedwith intercooled Stata version 14 (College Station, Texas). The study pro-
tocol was approved by the University of Calgary's Health Research Ethics Board, including
the waiver of obtaining individual informed consent for data linkage.
3. Results

A total of 23,215 patients with CAD who were referred to CR in Cal-
gary, Canada between 1996 and 2016 were included in this study. Of
those, 1366 (5.9%) were identified as having PAD. Subjects with PAD
were more likely to be female and were significantly older than those
without PAD (Table 1). Patient with PAD were more likely to have car-
diovascular risk factors including diabetes and chronic kidney disease;
they were also more likely to be current or ex-smokers. Furthermore,
PAD patients had more extensive cardiovascular disease: they were
more likely to have a diagnosis of congestive heart failure, low ejection
fraction, left main coronary disease, and to have previously undergone
cardiopulmonary bypass grafting (Table 1).
3.1. Starting and completing cardiac rehabilitation

Subjects with PAD were more likely to not even start CR than those
without (43.0% vs 31.8%, p b 0.0001; Table 1). Further, patientswith PAD
were also less likely to complete CR (of those referred, 40.3% vs. 52.3%;
of those who started, 70.6% vs 76.7%; both p b 0.0001).

Logistic regression models were built to predict starting CR, and
completing CR among those who start the program. In multivariable
models including all variables outlined in Table 1, multiple predictors
of not starting CR were identified, including female sex, diabetes diag-
nosis and age at referral (Table 2). Importantly, a PAD diagnosis was a
significant predictor of not starting CR (Odds Ratio (OR) 0.80; 95% con-
fidence interval (CI) 0.72, 0.90) even in the multivariable model. There
were significant differences between predictors of starting CR and com-
pleting CR among those who started the program (15,691 subjects):
while congestive heart failure diagnosis, coronary disease severity, and
cerebrovascular disease all predicted not starting CR, subjects with
those diagnoses were no less likely to complete CR if they started.



Table 1
Baseline population characteristics by Peripheral arterial disease status. CR: Cardiac
Rehabilitation; BMI: Body Mass Index; LVEF: Left Ventricular Ejection Fraction; COPD:
Chronic Obstructive Pulmonary Disease; GI: Gastrointestinal; MI: Myocardial Infarction;
PCI: Percutaneous Coronary Intervention; CABG: Coronary Artery Bypass Grafting.

Overall
(n = 23,215)

No PAD
(n = 21,849)

PAD
(n = 1366)

p-value

Rehab status b0.001
Did not start 7524 (32.4%) 6937 (31.8%) 587 (43.0%)
Started, did not complete 3710 (16.0%) 3481 (15.9%) 229 (16.8%)
Completed 11,981

(51.6%)
11,431
(52.3%)

550 (40.3%)

Female (%) 5008 (21.6%) 4683 (21.4%) 325 (23.8%) 0.040
Mean age (years) 61.3 (11.3) 61.1 (11.3) 64.3 (10.6) b0.0001
Age by decade (n, %) b0.0001
b40 642 (2.8%) 621 (2.8%) 21 (1.5%)
40–49.9 3117 (13.4%) 3010 (13.8%) 107 (7.8%)
50–59.9 7033 (30.3%) 6700 (30.7%) 333 (24.4%)
60–69.9 6991 (30.1%) 6523 (29.9%) 468 (34.3%)
70–79.9 4345 (18.7%) 3987 (18.3%) 358 (26.2%)
N80 1087 (4.7%) 1008 (4.6%) 79 (5.8%)

Hypertension (%) 14,534
(62.6%)

13,571
(62.1%)

963 (70.5%) b0.0001

Hyperlipidemia (%) 15,743
(67.8%)

14,735
(67.4%)

1008
(73.8%)

b0.0001

Diabetes mellitus (%) 5178 (22.3%) 4814 (22.0%) 364 (26.7%) b0.0001
Family history (n =
21,252)

6281 (29.6%) 5913 (29.6%) 368 (29.7%) 0.907

Renal disease (%) 521 (2.2%) 438 (2.0%) 83 (6.1%) b0.0001
On dialysis (%) 103 (0.4%) 86 (0.4%) 17 (1.2%) b0.0001
Previous MI 5255 (22.6%) 4871 (22.3%) 384 (28.1%) b0.0001
Congestive heart failure
(%)

2268 (9.8%) 2030 (9.3%) 238 (17.4%) b0.0001

Cerebrovascular disease
(%)

1120 (4.8%) 919 (4.2%) 201 (14.7%) b0.0001

COPD (%) 3062 (13.2%) 2470 (12.5%) 322 (23.6%) b0.0001
Current smoker (%) 6240 (26.9%) 5791 (26.5%) 449 (32.9%) b0.0001
Previous smoker (%) 7426 (32.0%)
Known malignancy (%) 956 (4.1%) 892 (4.1%) 64 (4.7%) 0.277
GI or Liver disease 1785 (7.7%) 1624 (7.4%) 161 (11.8%) b0.0001
BMI (mean, SD)
(n = 21,097)

28.6 (5.5) 28.6 (5.5) 28.3 (5.5) 0.0883

Prior PCI (%) 2031 (8.8%) 1854 (8.5%) 177 (13.0%) b0.0001
Prior CABG (%) 2087 (9.0%) 1889 (8.7%) 198 (14.5%) b0.0001
Duke Jeopardy Score b0.0001
Normal 816 (3.5%) 739 (3.4%) 77 (5.6%)
b50% 1279 (5.5%) 1162 (5.3%) 117 (8.6%)
Low risk 11,500

(49.5%)
10,982
(50.3%)

518 (37.9%)

High risk 7677 (33.1%) 7209 (33.0%) 468 (34.3%)
Left main 1801 (7.8%) 1629 (7.5%) 172 (12.6%)
Missing 142 (0.6%) 128 (0.6%) 14 (1.0%)

Indication for
catheterization

b0.0001

Stable angina 4990 (21.5%) 4717 (21.6%) 273 (20.0%)
Myocardial infarction 11,883

(51.2%)
11,288
(51.7%)

595 (43.6%)

Unstable angina 3566 (15.4%) 3342 (15.3%) 224 (16.4%)
Other 2776 (12.0%) 2502 (11.5%) 274 (20.1%)

Ejection fraction (%) b0.0001
N50 15,283

(65.8%)
14,480
(66.3%)

803 (58.8%)

35–50 4173 (18.0%) 3924 (18.0%) 249 (18.2%)
20–34 775 (3.3%) 715 (3.3%) 60 (4.4%)
b20 131 (0.6%) 112 (0.5%) 19 (1.4%)
Missing 2853 (12.3%) 2618 (12.0%) 235 (17.2%)

Table 2
Multivariable predictors of starting CR (among the whole population) and completing CR
(among those who start).

Predictors of starting
cardiac rehab

Predictors of completing
rehab, among starters

Odds ratio
(95% CI)

p-value Odds ratio
(95% CI)

p-value

Peripheral vascular
disease

0.81 (0.72, 0.91) b0.0001 0.80 (0.68, 0.94) 0.007

Male sex 1.36 (1.19, 1.56) b0.0001 1.28 (1.16, 1.42) b0.0001
COPD 0.82 (0.75, 0.89) b0.0001 0.80 (0.71, 0.89) b0.0001
Renal failure 0.73 (0.60, 0.89) 0.001 0.68 (0.52, 0.91) 0.008
Dialysis 0.54 (0.35, 0.83) 0.005 0.50 (0.26, 0.95) 0.034
Current smoker 0.58 (0.54, 0.62) b0.0001 0.54 (0.49, 0.59) b0.0001
Prior MI 1.35 (1.22, 1.49) b0.0001
Diabetes 0.68 (0.59, 0.78) b0.0001 0.69 (0.62, 0.76) b0.0001
Prior PCI 0.67 (0.61, 0.74) b0.0001 0.57 (0.50, 0.66) b0.0001
Prior CABG 0.89 (0.80, 0.98) 0.019
Age
b40 0.92 (0.77, 1.11) 0.395 0.65 (0.52, 0.80) b0.0001
40–49.9 1.11 (1.00, 1.22) 0.041 0.94 (0.83, 1.06) 0.264
50–59.9 Referent Referent
60–69.9 0.85 (0.79, 0.91) b0.0001 0.97 (0.88, 1.07) 0.576
70–79.9 0.51 (0.47, 0.56) b0.0001 0.98 (0.87, 1.11) 0.774
N80 0.25 (0.22, 0.28) b0.0001 0.49 (0.40, 0.61) b0.0001

Cerebrovascular disease 0.78 (0.69, 0.89) b0.0001
Congestive heart failure 0.84 (0.76, 0.92) b0.0001
Hypertension 0.86 (0.80, 0.91) b0.0001
Hyperlipidemia 0.91 (0.85, 0.97) 0.002
Duke Jeopardy Score
Normal Referent
b50% 1.13 (0.94, 1.36) 0.189
Low risk 2.15 (1.84, 2.50) b0.0001
High risk 2.12 (1.81, 2.49) b0.0001
Left main 1.73 (1.44, 2.07) b0.0001
Missing 2.05 (1.39, 3.03) b0.0001

Women with diabetes 0.85 (0.72, 0.99) 0.037 0.74 (0.60, 0.91) 0.005
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However, a PAD diagnosis remained a barrier to CR completion even
among those who started (OR 0.80; 95% CI, 0.68, 0.94).

3.2. Exercise metrics for those who attended cardiac rehabilitation

Supplementary Table 2 outlines the exercise metrics for the patients
who attended CR. Patients with PAD had lower levels of fitness both
before and after CR (p b 0.0001), however both groups showed a similar
relative increase in fitness after completing the rehabilitation program,
improving by nearly 1 MET over the course of 12 weeks. Both subjects
with and without PADmaintained their CR-completion exercise capac-
ity at one and two years post CR completion, though patients without
PAD had consistently higher exercise capacity. At CR start there was
no difference in the amount of exercise done by the PAD versus the
non-PAD patients (p = 0.420). However, by CR completion PAD pa-
tients were significantly more likely to not be exercising at all and less
likely to reach weekly exercise time targets (≥150 min) than the non-
PAD patients (p b 0.05). Subjects with PAD were also more likely to
have systolic blood pressures above target goals (140 mmHg), both at
program start and completion. Notably, while there were no differences
in baseline prevalence of depressive symptoms between thosewith and
without PAD, subjects with PAD were less likely to not have depressive
symptoms at CR completion.

3.3. Survival

Median follow-up time for the cohort was 7.2 years (IQR 3.9,
11.4 years) and there were 3510 deaths (328 in those with PAD; 338
within first year of CR referral). Overall 10-year survival was signifi-
cantly higher in those without PAD (84.5% vs 66.9%; p b 0.0001). At
10 years survival among PAD patients who completed CR was similar
to non-PAD patientswhodid not complete CR (76.4% and 78.7%, respec-
tively) (Fig. 1). In cox proportional hazards models, PAD diagnosis was
associated with increased mortality (unadjusted hazard ratio (HR)
2.34, 95% CI 2.08, 2.64; adjusted HR 1.39, 95% CI 1.23, 1.56). CR comple-
tion was associated with significantly reduced mortality (unadjusted
HR 0.49 (95% CI 0.46, 0.53); adjusted HR 0.62 (95% CI 0.57, 0.67)). In
multivariablemodels stratified by PADdiagnosis, CR completionwas as-
sociated with similar reductions in risk of mortality for both those with
(HR 0.64, 95% CI 0.51, 0.80) and without PAD (HR 0.62, 95% CI 0.57,
0.67). Likewise, in a model with a PAD-CR interaction term, the



Fig. 1. Kaplan-Meier Survival (unadjusted), stratified by PAD diagnosis and CR completion. PAD – peripheral arterial disease; CR – cardiac rehabilitation.
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interaction termwas not significant, implying nodifferential effect of CR
on subjects with PAD versus those without.

3.4. Sex interactions

PAD patients were more likely to be female than non-PAD patients
(23.8% vs 21.4%, p = 0.040). However, there was no interaction be-
tween sex and PAD in terms of starting CR, completing CR, or the benefit
of CR on mortality (p-values for all interactions N0.100). Furthermore,
women and men who completed CR achieved equivalent improve-
ments in exercise capacity over the 12-week program (0.80 (SD 1.1)
vs 0.85 (SD 0.9) METs, p = 0.689).

3.5. Propensity-matched model

Of the 1366 subjects with PAD, 1365 were matched to non-PAD pa-
tients using the propensity score as described above (supplementary
Table 2). Propensitymatching resulted in a significant reduction in stan-
dardized differences and good balance between the matched PAD and
non-PAD groups. Even within the propensity-matched cohort, PAD di-
agnosis was associated with decreased likelihood of starting CR (OR
0.62, 95%CI 0.53, 0.72) and completing CR if the program was started
(0.72, 95%CI 0.58, 0.89). PAD diagnosis was associated with increased
mortality (HR 2.26, 95%CI 1.90, 2.69) and in adjusted models CR was
associated with improved survival (HR 0.60, 95%CI 0.50, 0.72) (Fig. 2).
Exercise capacity was lower in patients with PAD than without at
both baseline (6.6 (SD 2.1) vs 7.7 (SD 2.1) METs, p b 0.0001) and CR
completion (7.5 (SD 2.1) vs 8.6 (SD 2.1) METs, p b 0.0001).

4. Discussion

We found that patients with PAD referred to CR have more co-
morbidities than their non-PAD counterparts and have lower survival.
Patients with PAD are less likely to start and complete CR, but comple-
tion of CR is associated with better fitness and survival and the relative
magnitude of these associations are comparable to those for patients
without PAD. These findings support previous research demonstrating
the advanced disease severity and clinical complexity of patients diag-
nosed with PAD who attend CR [18]. Our findings significantly add to
the literature by demonstrating that patients with PAD who participate
in CR gain a significant improvement in clinical outcome (e.g., reduced
mortality risk).

Previous authors have identified PAD as a predictor of non-
attendance at CR in subjects post myocardial infarction [19]. In the
study by Parashar et al. CR participation was ascertained by self-
report, and patients with PAD were less than half as likely to report
attending CR both at one and 6months post-MI. Notably, program com-
pletion or changes in exercise capacity or times were not assessed. We
have built upon Parashar's findings using hard data points to confirm
CR enrollment and completion – and we have confirmed that PAD pa-
tients were less likely to not only attend a CR program, but to complete
the program. A short term study from Switzerland also found that PAD
patients were less likely to complete CR [20]. Completion of CR is an im-
portant end point, as we have previously demonstrated that simply
starting a program is not associated with improved survival [3]. The
finding of lower likelihood of CR completion is important as it highlights
that barriers to CR are not limited to getting PAD patients through the
door – further work must be done to help them complete the program.

PAD and CAD share common risk factors that have been well
outlined in the literature [20]. Common primary risk factors include
smoking, dyslipidemia, hypertension, diabetes and inactivity; with
common causative pathways, CAD and PAD frequently present in the
same patient and portend worse survival and non-survival outcomes
when they occur simultaneously [21–24]. The PAD patients identified
in this cohort had a significantly higher number of co-morbidities as
well as lower exercise capacity compared to those patients without



Fig. 2. Kaplan-Meier Survival in propensity matched cohort, stratified by PAD diagnosis and CR completion. PAD – peripheral arterial disease; CR – cardiac rehabilitation.
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PAD. Previous work from our region has shown that subjects referred
for coronary angiography who had PAD diagnosed by ankle brachial
index (ABI) had higher SYNTAX scores, more myocardium at risk, and
less complete coronary revascularization than patients with normal
ABIs [25]. The high risk nature of this cohort further reinforces their
need for secondary risk reduction and exercise therapy; the prevalence
ofmodifiable risk factors are clear targets for specific intervention.How-
ever, even with adjustment for all available risk factors and in the pro-
pensity matched cohort, PAD patients were less likely to start or
complete CR and hadworse exercise capacity – the excess burden of co-
morbidities in PAD patients is insufficient to explain the differences
seen, there are likely innate differences in the PAD patients.

Persistent exercise and activity in subjects with CAD is an important
predictor of long-term survival. Subjects with PAD are known to be at
particular risk of loss of mobility over time [26], which has implications
both in terms of quality and longevity of life [27] – survival outcomes
are perhaps even more impacted by loss of mobility in subjects with
CAD in addition to PAD. We have demonstrated improvements in exer-
cise time, exercise capacity and survival in patients with PAD complet-
ing CR. However, PAD patients were both less likely to start CR and
complete CR than those without PAD. Specific barriers to completing
CR in PADpatients have not been investigated, however several authors
have looked at failure to complete rehabilitation specific to PAD. Brief
psychological interventions to assess and improve motivation have
been found to improve compliancewith exercise therapy [28], and pro-
grams utilizing activity monitors have demonstrated good adherence
[29]. Numerous barriers to participating in physical activity have been
identified in patients with PAD, related to burden of co- morbidities,
physical limitations, and practical concerns [30]. Older patients and
women are less likely to participate in physical activity, yet are an in-
creased risk of events related to PAD – and mortality if diagnosed with
PAD [15]. Notably, we found in our study that women were more likely
to have PAD, representing a particularly high risk cohort: however,
there was no interaction between sex and PAD in terms of any CR met-
rics or mortality outcomes, implying women with PAD are as likely to
start and finish CR as men with PAD, and achieve equivalent benefit.

Loss of mobility and function in subjects with even mild PAD is well
established [8], as is the improvement in walking related disability with
appropriate exercise training [31]. However, participation in exercise
training programs for PAD is poor, at least in part due to lack of insur-
ance coverage for such training [32,33]. Patients with PAD who have
claudication report difficulty exercise due to pain, fatigue and discom-
fort. However, compliance with exercise therapy remains poor for
PAD patients, especially relative to non-PAD CR referees. While our
focus was on mortality, we see clear and persistent benefits in terms
of METs achieved as well as average weekly exercise times. It is likely
that CAD patients with

PAD who complete CR achieve additional benefit in terms of claudi-
cation symptoms. Highlighting these benefits to PAD patients may help
encourage attendance and CR completion.

4.1. Applicability to general PAD population

These data are highly relevant to patients in the general population
who have PAD. The incidence of PAD has increased over 10% in the
past decade. It affects over 200 million people globally, with 8.5 million
in the US [34]. It can be a debilitating condition causing limitations in
mobility and quality of life, and patients suffering from PAD are unlikely
to receive appropriate lifestyle and prevention counselling [26,35,36].
The patients in the present study have an advantage of being enrolled
in theCRprogrambased on the basis of CAD. There aremanypeople suf-
fering from PADwho do not have access to appropriate rehabilitation or
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exercise training programs, either due to lack of recognition of their
PAD, lack of referral, or lack of funding to attend [36] [37]. The findings
from this study help to provide education about the crucial importance
of exercise training in the PAD patient population.

4.2. Limitations

Our study has limitations. Because this was not a randomized con-
trolled trial, it is impossible to draw conclusions about causation, though
the concordance of results found with the overall analysis and the
propensity-matched analysis are reassuring. There may also be unmea-
sured functional differences between subjects who completed CR and
those who did not, and this may be particularly applicable to the PAD
group. Part of the impact of CRmay be secondary to the healthy user ef-
fect or attendance bias; i.e., those who attended are possibly healthier
than those who did not [38]. The PAD diagnosis was ascertained from
a clinical database and is defined based on patient history rather than
by ABI; it is known that occult PAD occurs in some patients attending
CR [39]. However, previous work from our region with ABIs measured
at cardiac catheterization demonstrated rates of PAD that were slightly
higher butwithin the range found in themain APPROACHdatabase [25].
Wewere also unable to ascertain the reasons PADpatientswere less like
to start and finish CR. Balancing these limitations are significant
strengths, including a large sample size, ascertainments of both starting
and completing CR, ascertainments of improvements in exercise capac-
ity and mortality, and long follow-up time with minimal loss of follow-
up.

5. Conclusions

We found that PAD patients are less likely to both start and finish an
exercise–based CR program than non-PAD patients. Completion of a CR
program is associated with improved fitness as well as improved mor-
tality in PAD patients, and the relative magnitude of these associations
is similar to those for patients without PAD. These data support broader
use of CR by those with PAD.
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