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Abstract

Purpose of review The diagnosis of peripheral arterial disease (PAD) is a high-risk marker
for accelerated atherosclerotic cardiovascular disease (ASCVD) and is associated with
substantial morbidity and mortality. In addition to common, modifiable cardiovascular
disease risk factors that contribute to PAD, which include hypertension, diabetes mellitus,
and smoking, an elevation in concentrations of serum atherogenic lipoproteins (lipids) is
an increasingly recognized contributor to premature atherosclerosis.
Recent findings The recognition and inclusion of PAD as a marker of higher-cardiovascular
risk demonstrates the need to aggressively reduce elevations in atherogenic lipoproteins,
particularly low-density-lipoprotein cholesterol. In addition to diet, lifestyle, and statin
therapy, there is evidence that novel, pharmacologic lipid-lowering treatments improve
specific outcomes in patients with PAD as primary and adjunctive therapy.
Summary In this review, we discuss the efficacy and evolving roles of statin and novel
nonstatin therapies on outcomes in patients with PAD.
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Introduction

Peripheral arterial disease (PAD) is defined as ste-
nosis or occlusion of the arteries of the upper or
lower extremities predominantly driven by athero-
sclerosis but also thrombosis, noncardiac emboli,
and other inflammatory conditions [1]. Given the
substantial morbidity and mortality that frequently
follows its diagnosis, there is an increasing need to
prevent the disease, identify affected individuals,
and reduce the burden of disease among affected
individuals. Traditional risk factors that contribute
to its development include smoking, diabetes
mellitus, and hypertension [2]. Recent evidence
demonstrates that increase elevation of serum ath-
erogenic lipoproteins (lipids) contributes to cardio-
vascular disease and PAD progression, particularly

as the pool of atherogenic lipoproteins is increas-
ing alongside the growing epidemic of obesity [2].
Aggressive changes in diet and lifestyle and 3-hy-
droxy-3-methyl-glutaryl-CoA reductase inhibitor
(statin) therapy are the mainstay of treatment to
reduce elevated lipids and improve disease out-
comes in patients with PAD [3]. Studies are now
demonstrating that the use of novel nonstatin ther-
apies to aggressively reduce elevations in athero-
genic lipoproteins, particularly low-density-
lipoprotein cholesterol (LDL-c), improve outcomes
in PAD [4, 5•]. Herein, we discuss the efficacy of
these new agents and the evolving roles of statin
and novel nonstatin therapies in the management
of patients with PAD.

The role of statin therapy to improve outcomes in patients with
PAD

The 2016 American Heart Association (AHA) and American College of
Cardiology (ACC) guidelines on the management of patients with lower
extremity PAD emphasize that patients with PAD are less likely to
receive guideline-directed therapy than patients with other forms of
cardiovascular disease [6•, 7, 8]. In addition to improved control of
diabetes, hypertension, smoking, and the use of a single antiplatelet
therapy (aspirin or clopidogrel alone), statins are a class IA-
recommended therapy to reduce myocardial infarction (MI), stroke,
and cardiovascular death in patients with symptomatic PAD [6•, 7].

Statins
Current guidelines recommend that all patients with PAD be treated
with a maximally tolerated statin medication [8]. Statins inhibit HMG-
CoA reductase, allowing for reduction of cholesterol biosynthesis, upreg-
ulation of LDL receptors on the cell surface, and pleotropic effects, such
as reductions in inflammatory factors and isoprenoids, which act as lipid
attachments for intracellular signaling molecules [9–11]. Statins also
demonstrate the ability to stabilize atherosclerotic plaques, decrease
thrombogenic response, and have a beneficial effect on endothelial
function and blood flow [10, 11]. Statins have demonstrated reductions
in major adverse cardiovascular events and mortality in several random-
ized controlled trials (RCTs) and observational data over the last three
decades [12]. This section will focus on the benefits of statin therapy
among patients with PAD.

94 Page 2 of 11 Curr Treat Options Cardio Med (2019) 21: 94



Vascular events and mortality
In patients with PAD, there is a notable reduction in composite major vascular
events, which include myocardial infarction (MI), coronary death, stroke, or
revascularization [3, 13•].

In the Heart Protection Study (HPS), 20,536 patients in the UK were
randomized to receive simvastatin 40 mg or placebo [3]. Among the 6748
study patients who had a diagnosis of PAD and received the study treatment,
the time to first major vascular event demonstrated an absolute risk reduction
(ARR) of 6.3% (NNT = 15, p G 0.0001) compared to those who received the
placebo treatment [3]. Even after excluding patients who did not have a
preexisting diagnosis of coronary artery disease (CAD), there was a significant
reduction in time to first major cardiovascular event (5.8% ARR, heterogeneity
p = 0.9). This finding was not confounded by pre-treatment LDL-c, and patients
with prior peripheral revascularization and amputations had a similar reduc-
tion [3].

Kumbhani et al. examined patients enrolled in the Reduction of Athero-
thrombosis for Continued Health (REACH) Registry, an international database
encompassing over 68,000 patients from 44 countries [2]. This study stratified
5861 patients with symptomatic PAD and assessed the impact of statin use on
outcomes [2]. In the treatment arm, there was a significant reduction (hazard
ratio [HR] = 0.83, p = 0.01) in the primary composite outcome of cardiovascular
death, myocardial infarction, and stroke compared to the placebo arm. Among
secondary end points, which consisted of the individual endpoints of the primary
composite outcome, there were reductions in the treatment arm in all-cause
mortality (HR 0.83, p = 0.014), cardiovascular mortality (HR 0.84, p = 0.05),
and nonfatal stroke (HR 0.74, p = 0.016) [2]. These findings demonstrated the
superiority of high-intensity statins vs lower-intensity statins, which did not
demonstrate similar efficacy in the PAD population in older meta-analyses [14].

Adverse limb events and mortality
Among patients with CAD and PAD, patients on statin therapy demonstrated
improved cardiovascular and PAD outcomes, including reductions in adverse
limb events and mortality. The HPS study showed a reduction in time to first
peripheral vascular event (p = 0.006) with greater ARRs among patients with PAD
[3]. This effect was mostly driven by reductions in non-coronary revasculariza-
tions (p = 0.002), including carotid endarterectomy, peripheral revascularization,
and aneurysm repair procedures (p = 0.0003) [3]. There were no apparent effects
on the incidence of aneurysm repairs, deaths, nor amputations [3].

Arya et al. examined different intensities of statin exposure within 1 year of
the diagnosis of PAD in over 150,000 patients enrolled in the National Veteran
Affairs Data Registry [15••]. The study found that the incidence of amputation
and death was significantly lower with any statin use compared to exposure to
no statin therapy irrespective of the use of antiplatelet therapy [15••]. The
benefit was also greater when comparing patients on high-intensity statins in
comparison to patients on moderate- and low-intensity statins (p G 0.001)
[15••]. This data, similar to prior analyses, suggests that early initiation and
high-intensity dosing of statin therapy improves outcomes within 1 year of
diagnosis of PAD [15••, 16]. Notably, this populationwas predominantlymale
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(97.9%), white (82.6%), either a current or former smoker (29% and 26.4%,
respectively), and 20.9% of the patients were on simvastatin 80 mg [15••].

In a retrospective study, Foley et al. examined outcomes of 909 patients with
symptomatic PAD who underwent peripheral angiography and/or
endovascular intervention [13•]. Patients on high-intensity statin use (atorva-
statin 40–80 mg or rosuvastatin 20–40 mg) demonstrated an association with
improved survival at 3 years (adjusted HR 0.53, p = 0.004) and reduced MACE
(adjusted HR 0.58, p = 0.02) compared to those on low-moderate statin use
therapy. This study did not find a significant association with the mean LDL-c
between the low-moderate intensity and high-intensity groups (80 mg/dl vs 87
mg/dL) (p = 0.14) [13•]. Although benefit was not observed when comparing
amputation-free survival and major adverse limb events, they did observe an
association between greater survival and reduction in MACE in patients with
critical limb ischemia (CLI) on high-intensity statins with weighted data (HR
0.53, p = 0.021 and HR 0.54, p = 0.039, respectively) [13•].

International data also demonstrated improved outcomes among PAD
patients on high-intensity statins. Analysis of REACH data provided evidence
that PAD patients on statins had significantly fewer primary adverse limb
outcomes at 4 years compared to patients not on statins (HR 0.82, p =
0.0013) [2]. This association between high-intensity use and improved out-
comes was seen with improvements in claudication and incident critical limb
ischemia (HR 0.82, p = 0.0087), incident lower extremity percutaneous or
surgical revascularization procedures (HR 0.83, p = 0.0079), and incident
ischemic amputations (HR 0.64, p = 0.0027) [2]. A Taiwanese study looking
at patients with type 2 DM and PAD found that statin users had lower risks of
lower extremity amputation (adjusted HR 0.75, p = 0.003), in-hospital cardio-
vascular death (adjustedHR 0.78, p = G0.001), and all-causemortality (adjusted
HR 0.73, p = G 0.001) [17•].

Perioperative data and critical limb ischemia
Statin use also demonstrates improved outcomes when examining outcomes of
patients with CLI perioperatively. Vogel et al. investigated a Medicare beneficia-
ry database for PAD diagnoses [18]. They found that preoperative statin use was
associated with lower amputation rates at 30 days (p = 0.0001), 90 days (p =
G0.0001), and 1 year (p = G0.0001) [18]. Use of preoperative statins also had
improved limb salvage during 1 year for patients with claudication (p = 0.003)
and for rest pain (p = 0.061) compared to patients who were not on statins
preoperatively [18].

Regarding use of statins in the postoperative setting, one study found that
postoperative statin use following lower extremity amputation demonstrated a
mortality benefit for patients on moderate-intensity statin (HR 0.64, p = 0.005)
and high-intensity statin (HR 0.56, p = 0.032) [19]. Importantly and consistent
with other studies on underutilization of statin therapy, only 44.7% of patients
were on statin therapy after 1 year [19].

Endovascular postprocedural outcomes and CLI were examined by Aiello
et al. by analyzing patients on statin therapy at time of endovascular treatment.
Statin use was associated with a higher rate of primary patency (ARR = 10.0%,
p = 0.007), secondary patency (p = 0.001), limb salvage (p = 0.001), and overall
survival (p = 0.038) at 24 months [20]. Notably, patients on statins at time of
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endovascular treatment had higher rates of diabetes, CAD, congestive heart
failure, MI, and coronary bypass grafting, and similar lesion types, classifica-
tions, and primary procedures [20]. The association was found to be indepen-
dent of LDL-c [20].

O’Donnell et al. examined 931 patients with CLI on either high-, moderate-,
or low-intensity statin postoperatively after revascularization (endovascular or
surgical) [21]. Although 77% were discharged on statin, 35% were on recom-
mended guideline-based statin dosage [21, 22••]. Discharge on any statin was
associated with lower mortality (HR 0.71, p G 0.01), and those on recommend-
ed high intensity had lower mortality (HR 0.73, p G 0.05) and MALE (HR 0.71,
p G 0.05) [21].

Claudication
Studies also demonstrate symptomatic benefit with the utilization of statin
therapy to improve claudication. One study noted that although maximal
walking time did not change significantly, there was improvement in pain-
free walking time after 12 months of treatment with atorvastatin 80 mg
[23]. Pooled data from a Cochrane review noted improvement in total
walking distance and pain-free walking distance but no significant impact
on ABI scores [14] (Table 1).

Table 1. Impact of statin therapy on PAD outcomes

First author
(ref. #)

Registry/study Years N Statin (or intensity) Outcome

HPS
collaborative
group [3]

HPS (randomized
control trial)

1994–1997
(5 year
follow-up)

20,536 Simvastatin 40 mg Significant reduction in rate of first
major vascular event
and reduction of first
peripheral event

Kumbhani et al.
[2]

REACH Registry 2004–2008 Subset of
5861
from
original
69,055

62.2% use of statins
in population

Those on statins had lower risk of
adverse limb outcomes and
reduction of composite of
cardiovascular death/MI/stroke

Arya et al.
[15••]

Veterans Affairs
Data/Observational
Cohort

2003–2014 155,647 28% were not on statins,
stratified use to
low-moderate and
high intensity

High-intensity statins are underused.
Improved mortality and
amputation with statin use,
higher intensity with improved
reduction

Foley et al.
[13•]

University of California
Davis Registry

2006–2013 909 Divided by intensity, high
(atorvastatin 40-80 mg
or rosuvastatin 20-40 mg)
vs moderate/low intensity

High-intensity statin had improved
survival and decreased MACE

Hsu et al. [17•] Taiwanese Study/
Observational
Cohort

2000–2011 69,332 Divided into statin/nonstatin
agents and no medication

Specifically assessed patients with
diabetes and PAD. Those who
used statins had lower risk of
lower extremity amputation
and mortality

Vogel et al. [18] Medicare Claim Data 2007–2008 22,954 Identified statin use with
diagnoses of claudication,
rest pain, ulceration,
gangrene, endovascular
revascularization, and open
surgery

Statin users vs nonusers had
lower amputation rates,
improved limb salvage
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Expanding the definition of high-risk cardiovascular disease to
include PAD

Recent literature substantiates the marker of PAD as a heightened degree of
systemic atherosclerosis potentiating a malignant vascular phenotype [24, 25].
In one study, based on the REACH registry, patients with polyvascular disease
had substantially increased risk for all-cause mortality, nonfatal stroke, and
nonfatal myocardial infarction (MI) [24, 26]. Additionally, a Canadian study
which included 16,440 patients between 1985 and 1995 noted that the annual
mortality of patients was higher among those with PAD (8.2%) than MI
(6.3%), with 49% of patients dying within the 5.9 year follow-up [25].

The 2018 Cholesterol Clinical Practice Guidelines expanded the definition
of very-high-risk atherosclerotic cardiovascular disease (ASCVD) [22••]. This
was defined as either the presence of multiple major ASCVD events (which
included symptomatic PAD as claudication with ABI G 0.85 or previous revas-
cularization or amputation) or one major ASCVD event withmultiple high-risk
conditions. For secondary prevention, guidelines provided a class IA recom-
mendation that patients be initiated on a high-intensity statin (with goal of
achieving a 50% or greater reduction in LDL). For high-risk patients not at goal
despite maximally tolerated statin therapy, the addition of ezetimibe was
recommended (I, BNR), followed by proprotein convertase subtilisin kexin
type 9 (PCSK9) inhibitor therapy if LDL-c still remained 9 70 mg/dL. Among
very-high-risk patients, despite maximally tolerated statin therapy, it was con-
sidered reasonable to add a PCSK9 inhibitor if the LDL-c was greater than or
equal to 70 mg/dL or the non-HDL-c was greater than or equal to 100 mg/dL
after discussing net benefit, safety, and cost (IIa-BR) [22••].

The role of novel lipid agents – ezetimibe and PCSK9 inhibitors –
as primary and adjunctive therapy in PAD
Ezetimibe

Ezetimibe acts to reduce intestinal cholesterol absorption by targeting the
Niemann-Pick C1-like protein [27]. In the Improved Reduction of Outcomes
Vytorin Efficacy International Trial (IMPROVE-IT) which was a randomized
control trial examining 18,144 patients after ACS randomized to ezetimibe (10
mg) in combination with simvastatin (40 mg) compared to simvastatin alone
[27]. It demonstrated an ARR forMACE of 2% over 7 years [27]. The addition of
ezetimibe also led to a statistically significant reduction of LDL to 53 mg/dL
compared to 69.5 mg/dL in the simvastatin alone group [27]. About 5.7% of
patients in the treatment arm had a diagnosis if PAD [27] (Table 2).

Similarly, the Plaque Regression with Cholesterol Absorption Inhibitor or
Synthesis Inhibitor Evaluated by Intravascular Ultrasound (PRECISE-IVUS)
Trial prospectively evaluated patients after percutaneous coronary intervention
on atorvastatin plus ezetimibe or atorvastatin alone [30]. The study noted that
combination therapy was associated with a statistically significant reduction in
atheroma volume (p = 0.001) [30].
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PCSK9 inhibitors
PCSK9 inhibitors are monoclonal antibodies that inhibit the PCSK9
protein, which functions to degrade the LDL receptor. This results in
increased LDL receptors on the cell surface and marked reduction of
LDL-c in the circulation [31]. As previously mentioned, in patients with
very high ASCVD risk, PCSK9 inhibitors are recommended as third-line
agents, after ezetimibe, for secondary prevention (I, BNR recommenda-
tion) [22••]. In certain cases, it is reasonable to consider these medica-
tions as second-line agents (IIa-BR) [22••].

In the Further Cardiovascular Outcomes Research with PCSK9 Inhi-
bition in Subjects with Elevated Risk (FOURIER) [4] Trial, 27,654 pa-
tients with ASCVD on maximally tolerated statin therapy and an LDL-c
greater than or equal to 70 mg/dL (or non-HDL-C greater than or equal
to 100 mg/dL) on maximal statin therapy were randomized to
evolocumab or placebo [4]. After 2.2 years, there was a decrease in
LDL-c from median of 92 mg to 30 mg/dL (p G 0.001) [4]. It also
showed a significant decrease in the primary composite end point of
cardiovascular death, myocardial infarction, stroke, hospitalization for
unstable angina, or coronary revascularization (HR 0.85, p G 0.001)
and secondary end points of cardiovascular death, myocardial infarction,
or stroke (HR 0.8, p G 0.001) [4].

Similarly, in the Evaluation of Cardiovascular Outcomes After an
Acute Coronary Syndrome (ODYSSEY) Trial, 18,924 patients with
ASCVD on maximally tolerated statin therapy and an LDL-c greater than
or equal to 70 mg/dL (or either non-HDL-C greater than or equal to

Table 2. Impact of adjunctive nonstatin therapy on PAD outcomes

First author (ref. #) Study Years N Medication used Outcome

Ezetimibe

Cannon et al. [27] *IMPROVE-IT 6 years 18,144 Ezetimibe with simvastatin Reduced LDL-c, improved
composite of cardiovascular
death, nonfatal MI,
unstable angina, coronary
revascularization, and stroke
post cardiac event

PCSK9 inhibitors

Schwartz et al. [5•] ODYSSEY
OUTCOMES

2.8 years 18,924 Alirocumab Improved composite primary end
point (death from CAD, nonfatal
MI, fatal/nonfatal ischemic
stroke, or unstable angina)

Szarek et al. [28••] ODYSSEY OUTCOMES 2.8 years 18,924 Alirocumab Reduction in nonfatal cardiac
events and death after ACS

Sabatine et al. [4] FOURIER Trial 2.2 years 27,564 Evolocumab Improved composite primary end point
(cardiovascular death, MI,
stroke, hospitalization
for unstable angina, coronary
revascularization)

Bonaca et al. [29] PAD in FOURIER trial 2.2 years Subset of 3642 Evolocumab Reduced composite of cardiovascular
death, MI, stroke,
hospital admission for unstable
angina, or coronary revascularization
reduced risk for MALE

Additional details: *studied outcomes after cardiac event, not PAD specifically
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100 mg/dL or apolipoprotein B of at least 80 mg/dL) on maximally
tolerated statin therapy were randomized to alirocumab or placebo [5,
28••]. After 2.8 years, there was a reduction of the primary composite
end point of death from coronary heart disease, nonfatal MI, fatal or
nonfatal ischemic stroke, or unstable angina requiring hospitalization
(HR 0.85, p G 0.001), and the benefit was greatest among patients
who had a higher baseline LDL level [5•, 28••].

The FOURIER data was further analyzed to assess outcomes in pa-
tients specifically with PAD. This subgroup identified 3642 patients as
having a diagnosis of PAD by either intermittent claudication with ABI
of G 0.85 or prior peripheral vascular procedure or amputation second-
ary to atherosclerotic disease [29]. This analysis found that there was a
reduction of the composite of cardiovascular death, MI, stroke, and
hospital admission for unstable angina or cardiac revascularization (HR
= 0.79, p = 0.0098) [29]. Those with PAD had larger ARRs (3.5% with
PAD and 1.6% without PAD) [29]. This study also demonstrated a
reduction in MALE, such as acute limb ischemia, major amputation, or
urgent peripheral revascularization for ischemia, with reduction risk (HR
0.58, p = 0.0093) which correlated with the degree of reduction in LDL-c
(p = 0.026) [29]. Patients with PAD but without prior MI or stroke
demonstrated a reduction in the composite of MACE and MALE (HR
0.52 with ARR of 6.3%, NNT 16 p = 0.0006) [29].

In terms of side effects, no significant differences between groups were seen.
Injection site reactions were rare, with the majority beingmild [28••, 29]. There
were no significant difference between experimental and placebo in terms of
allergic reactions. Factors limiting the use of these medications are the lack of
long-term data (these trials were limited to a few years), parenteral route of
medication, and expense of monoclonal antibodies. The cost of PCSK9 inhib-
itors may not only limit eligibility from insurers but may also impede access
and reduce long-term adherence [32, 33]. It should also be noted that both the
FOURIER andODYSSEY Trials were funded by pharmaceutical companies, and
the data analyzing PAD outcomes specifically from the FOURIER data was a
subgroup analysis limiting the interpretation of those results (Fig. 1).

Future directions

As we look to optimize the risk of patients with PAD, we must design
studies that demonstrate the greatest reduction in adverse ASCVD out-
comes. Diet and lifestyle will remain the basis for all effective strategies to
reduce risk. Behavioral strategies that can decrease smoking, increase activ-
ity, and improve the quality of dietary consumption will promote the
greatest reduction in ASCVD across populations. The latter carries particular
importance, as the epidemic of diabetes and metabolic syndrome continues
to rise. However, effective pharmacologic therapies that improve outcomes
for individuals continue to prove their benefits. As the metabolic composi-
tion of patients with PAD changes so will the targets of therapy. Effective
lipid-lowering studies should address elevations in triglyceride-rich lipo-
proteins that will contribute more to ASCVD than ever before with the
pervasive and expanding metabolic syndrome phenotype.
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Conclusion

PAD patients represent a group of patients at high risk for cardiovascular disease
in addition to the significant complications deriving from PAD, including
critical limb ischemia, amputations, and stroke. As demonstrated, aggressive

Fig. 1. Major ASCVD events include recent acute coronary syndrome (within the past 12 months), history of myocardial infarction
(other than recent acute coronary syndrome event listed above), history of ischemic stroke, and symptomatic peripheral arterial
disease (history of claudication with ankle brachial index). High-risk conditions include age ≥ 65 years, heterozygous familial
hypercholesterolemia, history of prior coronary artery bypass surgery or PCI outside of the major ASCVD event(s), diabetes mellitus,
hypertension, chronic kidney disease (eGFR 15–59 mL/min/1.73 m2 ), current smokings, persistently elevated LDL-c (LDL-c≥ 100
mg/dL (≥2.6 mmol/L)) despite maximally tolerated statin therapy and ezetimibe, and history of congestive heart failure
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risk factor reduction is essential to reduce disease progression. It is imperative to
initiate timely use of statin medications at the maximally tolerated dose to
reduce risk. Additionally, with novel therapies to lower LDL-c, we are now
seeing that the patient who demonstrates appropriate adherence to statin
therapy or is intolerant of statin therapy may benefit from additional lipid-
lowering therapy with the use of ezetimibe or PCSK9 inhibitors that have
demonstrated reductions in adverse limb events in addition to reductions in
major adverse cardiovascular events.
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