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Summary: Background: Peripheral artery disease (PAD) affects more than 202 million people worldwide. Several studies have

shown that patients with PAD are often undertreated, and that statin utilization is suboptimal. European and American

guidelines highlight statins as the first-line lipid-lowering therapy to treat patients with PAD. Our objective with this meta-
analysis was to further explore the impact of statins on lower extremities PAD endpoints and examine whether statin dose

(high vs. low intensity) impacts outcomes. Patients and methods: We performed a systematic review and meta-analysis

according to the PRISMA guidelines. Any study that presented a comparison of use of statins vs. no statins for PAD patients or
studies comparing high vs. low intensity statins were considered to be potentially eligible. We excluded studies with only

critical limb threatening ischemia (CLTI) patients. The Medline (PubMed) database was searched up to January 31, 2021. A

random effects meta-analysis was performed. Results: In total, 39 studies and 275,670 patients were included in this meta-
analysis. In total, 136,025 (49.34%) patients were on statins vs. 139,645 (50.66%) who were not on statins. Statin use was

associated with a reduction in all cause-mortality by 42% (HR: 0.58, 95% CI: 0.49–0.67, p<0.01) and cardiovascular death by

43% (HR: 0.57, 95% CI: 0.40–0.74, p<0.01). Statin use was associated with an increase in amputation-free survival by 56%
(HR: 0.44, 95% CI: 0.30–0.58, p<0.01). The risk of amputation and loss of patency were reduced by 35% (HR: 0.65, 95% CI:

0.41–0.89, p<0.01) and 46% (HR: 0.54, 95% CI: 0.34–0.74, p<0.01), respectively. Statin use was also associated with a

reduction in the risk of major adverse cardiovascular events (MACE) by 35% (HR: 0.65, 95% CI: 0.51–0.80, p<0.01) and
myocardial infarction rates by 41% (HR: 0.59, 95% CI: 0.33–0.86, p<0.01). Among patients treated with statins, the high-

intensity treatment group was associated with a reduction in all cause-mortality by 36% (HR: 0.64, 95% CI: 0.54–0.74, p<0.01)

compared to patients treated with low intensity statins. Conclusions: Statin treatment among patients with PAD was
associated with a statistically significant reduction in all-cause mortality, cardiovascular mortality, MACE, risk for

amputation, or loss of patency. Higher statin dose seems to be associated with improved outcomes.
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Introduction

Peripheral artery disease (PAD) is estimated to affect more
than 202 million people worldwide and 3% to 10% of the
general population [1, 2]. A number of primary and sec-
ondary prevention therapies targeted to PAD and its most
common risk factors, including hypertension, hypercholes-
terolemia, smoking and diabetes mellitus [3, 4, 5, 6], have
been shown to slow PAD progression. Notably, these ther-
apies reduce risk of critical limb threatening ischemia

(CLTI), amputation, major adverse cardiovascular events
(MACE), while also improving claudication symptoms
and overall quality of life [3, 4, 5]. Despite strong evi-
dence-based data and multispecialty guideline recommen-
dations for primary and secondary prevention therapies in
PAD, a significant number of patients remain underdiag-
nosed and undertreated [7, 8].

Recommended medical therapy for PAD includes
anti-hypertensive medications, cholesterol-lowering medi-
cations, adequate glycemic control for diabetic patients,
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antiplatelet and anti-thrombotic therapies, with adequate
control of modifiable risk factors (e.g., smoking cessation)
[8, 9, 10, 11]. American Heart Association (AHA) and Euro-
pean Society for Vascular Medicine (ESMV) guidelines
highlight statins as the first-line lipid-lowering therapy to
treat PAD patients [12, 13, 14]. A number of studies have
explored the association between statin use and outcomes
in patients with PAD but data frommeta-analysis is lacking
[12, 15]. Similarly, whether high intensity statin therapy is
associated with improved outcomes compared to low inten-
sity statin therapy is based on limited evidence so far [16].

The objective of this systematic review and meta-analy-
sis was to determine the impact of statins on PAD outcomes
but also study the effect of high intensity statin treatment in
patients with PAD.

Patients and methods

Eligibility criteria and study selection

This systematic review and meta-analysis was performed
according to the PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-Analyses) guidelines [17]
(Figure 1). The study period included PubMed literature
searches from October, 2002 until January 31, 2021 with
the following algorithm: “((statins) OR (atorvastatin) OR
(simvastatin) OR (rosuvastatin) OR (fluvastatin) OR (lovas-
tatin) OR (pitavastatin) OR (pravastatin) OR (lipids)) AND
((peripheral artery disease) OR (PAD))”. Systematic
searches were conducted in PubMed/Medline, by two
independent investigators, blind to each other, and any dis-
agreements or discrepancies were resolved by consensus.

A study was included in this meta-analysis if it fulfilled
the following predefined inclusion criteria: i) randomized
control trials or prospective/retrospective analyses report-
ing on patients with and without administration of statins;
ii) studies examining the comparisons of interest, reporting
on short- and/or late-outcomes; iii) studies published up to
January 31, 2021, iv) studies based on humans. When dupli-
cates were identified, the most recent study was included
unless the earlier version reported more relevant out-
comes. Case-reports or case series with less than ten cases
were excluded.

Data extraction and statistical analysis

Two experienced abstractors independently and blind to
each other extracted the relevant data from the eligible
studies and the final decision was reached by consensus.
The main outcomes were all cause mortality, cardiovascu-
lar mortality, MACE as defined by the individual studies,
myocardial infarction (MI), amputation-free survival,
amputation and loss of patency. We used the definition that
was provided by each individual study. Analyses for each
endpoint were separately performed based on random
effects, using hazard ratios (HRs) as effect size.

Inverse variance weights were used in all cases. I2 statis-
tics were used to assess the heterogeneity across the stud-
ies. I2>75% indicated high heterogeneity [18]. Additionally,
the cumulative incidence of endpoints and the correspond-
ing 95% confidence intervals (CI) were estimated. More-
over, a separate analysis was performed, comparing
patients on high vs. low intensity statins. Forest plots were
used to graphically display the effect size in each study and
the pooled estimates. Funnel plots and Egger regression
tests were used to assess publication bias. Statistical analy-
ses were conducted using STATA 16.0 (StataCorp, College
Station, Texas).

Quality and risk of bias assessment

Study quality scores were ascertained using the Newcastle-
Ottawa Scale (NOS) for cohort studies. The NOS has been
developed to assess the methodological quality of non-ran-
domized studies. Each study was assigned a maximum of
four points for selection of the study population, two points
for comparability and three points for assessment of the
outcome. The criteria for ascertainment of the points and
the allocation of points for each study are given in the elec-
tronic supplementary material [ESM] 1. Risk of bias was
assessed by two investigators with the Robins-I tool for
non-randomized studies and any discrepancies in quality
assessment were resolved via consensus [19].

Results

Study and patient characteristics

A comprehensive literature search resulted in 5,339 poten-
tially relevant records. Once duplicates and studies report-
ing exclusively on CLTI patients were removed, 2,454
studies were identified. After screening titles and abstracts,
283 articles were retrieved for full-text evaluation. Thirty-
nine studies (15 prospective, 22 retrospective and 2 ran-
domized control trials) met the predetermined search crite-
ria and were included in this meta-analysis as shown in the
PRISMA flow diagram [16, 20–58]. The 39 studies included
275,670 patients, with nearly half on statins (n=136,025,
49.3%) and slightly over half not on statins (n=139,645,
50.7%). The mean age was 68.0±10.3 years, with male
sex preponderance (70.84%). Details on baseline demo-
graphics and other important patient characteristics are
presented in Table I.

All-cause and cardiovascular mortality

A total of 25 studies (n=230,256 patients, statin
users=107,906 (46.8%), non-statin users=122,350
(53.2%)) reported data on all-cause death at a mean fol-
low-up of 4 years among the individual studies [16, 24,
25, 26, 28, 29, 34, 35, 37, 38, 39, 40, 43, 44, 46, 47, 48,
49, 50, 51, 53, 54, 55, 58]. Statin use was associated with
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a 42% reduction in all-cause mortality risk (HR: 0.58,
95% CI: 0.49–0.67, p-value: <0.01) (Figure 2). Nine
studies (n=33,534, statin users=17,348 (51.7%), non-statin
users=16,186 (48.3%)) specifically reported cardiovascular
mortality rates [25, 29, 34, 40, 46, 47, 52, 55]. Statin use
was associated with a statistically significant reduction in
the risk for cardiovascular mortality (HR: 0.57, 95% CI:
0.40–0.74, p-value: <0.01) over a mean follow-up period
of 45.7 months, among the individual studies (Figure 3).

Major adverse cardiovascular events
(MACE)

Overall, 12 studies reported data on MACE, with a total of
27,768 patients (statin users=13,242 (47.6%), non-statin

users=14,526 (52.4%) [20, 28, 31, 36, 37, 38, 39, 40, 41,
43, 48, 57]. Statin use was associated with a reduction in
the risk of MACE by 35% (HR: 0.65, 95% CI: 0.51–0.80,
p-value: <0.01) over a mean follow-up period of 46.7
months in the individual studies (Figure 4). Three studies
(n=7,199 patients, statin users=4,408 (61.2%), non-statin
users=2,791 (38.8%)) specifically reported on MI risk and
demonstrated statin use was associated with a statistically
significant reduction of MI risk (HR: 0.59, 95% CI: 0.33–
0.86, p-value: <0.01) at a mean follow-up of 51.3 months
(Figure 5) [23, 40, 49]. Only one study (n=5,861 patients,
statin users=3,643 (62.1%), non-statin users=2,218
(37.9%)) examined the effect of statins on stroke and
showed that statins use was associated with lower risk for
stroke (adjusted HR: 0.73, 95% CI: 0.59–0.92, p-value:
0.006) during a 48-month follow-up [40].
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Figure 1. PRISMA flow diagram.
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Limb outcomes (loss of patency,
amputation free survival, major
amputation, major adverse limb events)

Two studies reported on 12-month patency rates (assess-
ment by duplex ultrasound), treated with percutaneous
transluminal angioplasty (PTA) and surgical bypass,
respectively. The studies included 543 patients overall (sta-
tin users=295 (54.3%), non-statin users=248 (45.7%)). The
pooled hr for statin treatment in preventing loss of patency
was 0.54 (95% CI: 0.34–0.74, p-value: <0.01) over a mean
follow-up of 20.6months, indicating that statins likely pro-
longed vessel patency after revascularization for lower
extremity pad (Figure 6) [27, 32]. In the study of de Grijs
et al., patients were considered to be compliant with statin
therapy if they continued statin therapy from the time of
stent placement until last recorded follow-up; in the study
of Henke et al., patients were considered as statin users if
they were taking statins at any time (preoperative, periop-
erative, postoperative) [27, 32].

Six studies (n=122,912 patients) reported amputation risk
in statin treated (n=44,861 patients (36.4%)) vs. not statin
treated (n=78,051 patients (63.6%)) patients with PAD over
an average follow-up 58.4 months (ESM 2) [16, 32, 34, 40,
42, 45]. The risk for amputation was reduced by 35% in the
three studies (n=108,246 patients, statin users=34,317
(31.7%), non-statin users=73,929 (68.3%)) that examined
the effect of statins on amputation risk (HR: 0.65, 95%
CI: 0.41–0.89, p-value: <0.01) (Figure 7) [16, 34, 40].
Additionally, three studies (n=14,666 patients, statin
users=10,544 (71.8%), non-statin users=4,122(28.2%))
reported that statin use was associated with a 56% increase
in amputation-free survival (HR: 0.44, 95% CI: 0.30–0.58,
p-value: <0.01), during the follow-up periods of the individ-
ual studies (Figure 8) [32, 42, 45]. Details regarding out-
comes between statin treated vs. no statin treated groups
are presented in Table II.

A total of 5 studies (n=147,150 patients) reported major
adverse limb events (MALE) rates in statin treated
(n=73,488 patients (50%)) vs. not statin treated (n=73,662
patients (50%)) patients with PAD over an average fol-
low–up 42.6 months. The reduction in MALE risk with sta-
tins was not statistically significant (HR: 0.72, 95% CI:
0.35–1.08) (Figure 9) [33, 38, 43, 44, 58]. The result may
be affected by the heterogeneous definitions of MALE in
different studies (including but not limited to major ampu-
tation, open surgery or thrombectomy for acute limb ische-
mia, death).

Effect of high vs. low-intensity statin
therapy on all-cause mortality

A total of 6 studies, enrolling overall 84,610 patients (statin
users=21,742 (25.7%), non-statin users=62,968 (74.3%)),
were included in the sensitivity analysis [16, 29, 44, 54,
56]. Among patients treated with statins, 21,742 (25.7%)
and 62,968 (74.3%) were prescribed a high-intensity and

a low-intensity statin therapy, respectively. High intensity
statin was associated with a significant reduction in the risk
for all-cause mortality (HR: 0.64, 95% CI: 0.54–0.74, p-
value: <0.01), during an average follow-up of 49.5 months
among the individual studies (Figure 2), indicating a dose-
dependent benefit of statins. Outcomes of high vs. low
intensity statin dose of each individual study are summa-
rized in Table III and ESM 3.

Discussion

This study is the largest meta-analysis to date on this topic
and investigates the effect of statin use on the outcomes of
patients with PAD. Our analysis demonstrated that statin
therapy is associated with improved outcomes in patients
with PAD. Additionally, in line with previous reports [16,
29, 44, 56], this study confirms a dose dependent mortality
benefit of statins for patients with PAD.

The Heart Protection Study Collaborative Group, includ-
ing 6,748 patients with PAD, showed that treatment with
simvastatin reduced the risk of peripheral vascular adverse
events by about 17%, during a mean follow-up of 5 years
[31]. Additionally, in a cohort of 488 patients with PAD,
who underwent surgical or endovascular intervention, sta-
tin use was associated with improved limb amputation rate
[45]. Siracuse et al. studying the effect of statins after sur-
gical bypass or PTA for lower limb PAD, provided further
evidence that statin use could decrease the odds of resteno-
sis and symptom recurrence during a 3-year follow-up [48].
Arya et al. showed a benefit for patients on high-intensity
statins before or early on diagnosis of PAD in terms of life-
time risk of death and amputations [16, 59]. A recent anal-
ysis revealed that statin medication, as opposed to no statin
therapy, was linked with not only better survival but also
superior primary assisted patency rates following endovas-
cular treatment, even in CLTI patients [60]. Prior meta-
analyses have shown that statins decrease the amputation
risk in the CLTI population, but now our study expands
those finding to the general PAD population [61]. Nonethe-
less, since the majority of evidence on the beneficial effect
of statins in patients with PAD undergoing revasculariza-
tion procedures emerge from sub-analyses of larger clinical
trials, further prospective studies are needed to better
define the best statin-intensity and statin agent for sec-
ondary prevention following revascularization operations.

Statins are evidence-based treatment for cardiovascular
risk reduction and secondary prevention among patients
with stable coronary artery disease (CAD) and other
atherosclerotic risk factors [62, 63, 64, 65]. It has also
been suggested that statins have multiple additional anti-
atherogenic properties, such as anti-inflammatory effect,
upregulation of endothelial nitric oxide synthase, antiplate-
let effect etc. [66]. This “pleiotropic” effect offers further
stabilization of the atherosclerotic plaque (i.e., formation
of thickened fibrous caps and macrocalcification via
reduction in lipid content), lowering as such the risk for
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thrombosis [67, 68, 69, 70, 71, 72, 73, 74]. The cardiopro-
tective properties beyond the low-density lipoprotein
(LDL) cholesterol lowering effect of statins have been
emphasized in current guidelines [75]. Patients with PAD
are at high risk for all-cause mortality, likely attributable
to MACE events [76, 77]. European Society of Cardiology
guidelines consider patients with PAD as very high-risk
patients for cardiovascular events and recommend high-

intensity statins at the highest tolerated dose aiming at an
LDL-C reduction of �50% and an LDL-C goal of<55 mg/
dL (1.4 mmol/L). If this is not achieved with statins, then
ezetimibe is recommended on top of statins. Then, if with
dual lipid-lowering treatment the target is not achieved,
then addition of a proprotein convertase subtilisin-kexin
type 9 inhibitor (PCSK9i) is recommended [13, 78].
ESMV/ACC guidelines suggest that LDL-c levels should

Figure 2. Forest plots of hazards ratios (HRs) with cumulative effect size and associated 95% confidence interval (CI) reported for overall mortality
stratified by statin utilization.
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not exceed 100mg/dl in patients suffering from PAD. They
provide a class 1 recommendation supporting high-inten-
sity statin therapy for all patients aged<75 years with
atherosclerotic cardiovascular disease, including PAD,
regardless of the patient’s baseline LDL cholesterol blood
levels and the severity of the disease [14, 79, 80]. This rec-
ommendation includes an ACC/AHA level of evidence A,
consistent with data from multiple large-scale studies. It
is of interest that most recent studies are more aggressive
in recommending that LDL-c levels should not exceed 55
mg/dl in this group of patients [13, 79, 80]. Unfortunately,
the majority of included studies do not present data regard-
ing the LDL-c value at baseline and at the end of the study

period, thus, a correlation of these values with investigated
outcomes was not applicable. Arao et al. presented a reduc-
tion of LDL-c from 123±32 mg/dl to 82±21 mg/dl after
6 months of pitavastatin compared to patients who did
not receive statin therapy [22]. Aronow et al. showed a sta-
tistically significant reduction of LDL-c from 156±23md/dl
to 100±17 mg/dl after 1 year of simvastatin while a 24%
increase of treadmill exercise time until claudication was
observed in statin users [23].

As it is clearly illustrated from the current meta-analysis,
lipid-lower therapy constitutes a cornerstone for the man-
agement of PAD. With the development of newer genera-
tion of lipid lowering medications, patients with PAD will

Figure 3. Forest plots of hazards ratios (HR) with cumulative effect size and associated 95% confidence interval (CI) reported for cardiovascular
mortality.

Figure 4. Forest plots of hazards ratios (HR) with cumulative effect size and associated 95% confidence interval (CI) reported for major
cardiovascular events (MACE), as defined by each individual study.
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Figure 5. Forest plots of hazards ratios (HR) with cumulative effect size and associated 95% confidence interval (CI) reported for myocardial
infarction.

Figure 6. Forest plots of hazards ratios (HR) with cumulative effect size and associated 95% confidence interval (CI) reported for patency after
revascularization.

Figure 7. Forest plots of hazards ratios (HR) with cumulative effect size and associated 95% confidence interval (CI) reported for major
amputation.

Figure 8. Forest plots of hazards ratios (HR) with cumulative effect size and associated 95% confidence interval (CI) reported for amputation free
survival.
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be soon treated in a much more aggressive way. In a
cohort of 1,930 patients with PAD in the Improved Reduc-
tion of Outcomes; Vytorin Efficacy International Trial
(IMPROVE-IT), combined therapy with statin and ezetim-
ibe had an additive benefit in terms of cardiovascular and
limb-related risk, when cholesterol levels were not ade-
quately controlled by standalone statin therapy [62]. In
the subgroup analysis of the FOURIER (Further Cardiovas-
cular Outcomes Research With PCSK9 Inhibition in Sub-
jects With Elevated Risk) trial, among 3,642 patients with
PAD, evolocumab significantly reduced the primary end-
point which was a composite of cardiovascular death,
myocardial infarction, stroke, hospital admission for unsta-
ble angina, or coronary revascularization, with a HR of 0.79
[63]. Evolocumab reduced the risk of major adverse limb
events in all patients with consistent effects in those with
and without known PAD [63]. Bempedoic acid is a non-
statin antihyperlipidaemic drug that upregulates LDL
receptors and decreases LDL-C and is currently approved
for hypercholesterolemia treatment. In Europe it can be
administered in adults with hypercholesterolemia or mixed
dyslipidemia as a monotherapy in adjunct to diet. It can
also be used in conjunction with a statin or other lipid-
lowering medications (ezetimibe) in individuals who are
unable to achieve the preferable LDL-C levels with the
highest tolerated dosage of a statin, in patients who are sta-
tin intolerant or for whom a statin is contraindicated [81].
Inclisiran is another agent that can be potentially used for
patients with PAD in the future. It is a small interfering
RNA (siRNA)-based therapeutic which prevents the expres-
sion of selected genes. Inclisiran’s main advantage is that it
only requires two subcutaneous injections annually, mak-
ing it an attractive alternative for patients. Bempedoic acid

and Inclisiran have not yet been evaluated in the PAD pop-
ulation, but such studies are expected in the near future
[82, 83].

Pastori et al. investigated the beneficial effect of statins
in patients with or CLTI. Although the results were encour-
aging, inclusion of both CLTI patients and claudicants in
the same analysis results in a heterogenous patient popula-
tion with potentially different responses to lipid lowering
therapy [84]. This is why we decided to exclude studies
with CLTI patients from our analysis. Moreover, this ques-
tion has been answered in the past, showing a clear benefit
for patients with CLTI [61]. Additionally in our meta-analy-
sis, we emphasized the exponential benefit of high intensity
statins. Given this robust benefit, in patients with PAD who
cannot tolerate high intensity statin treatment, combina-
tion therapy with ezetimibe or PCSK9 inhibitors such as
evolocumab or alirocumab, should be considered [13, 14,
78, 79, 80, 85, 86, 87].

Limitations

Since this is a study-level meta-analysis of observational
studies, there is no patient-level data for adjustments of
baseline demographics and additional medications or
interventions that could affect the PAD outcomes (e.g.,
anti-thrombotic medication, revascularization procedures,
etc.). The location and the nature of the lesions, statin reg-
imen and duration of treatment among the studies were
heterogeneous. The follow-up of the studies was heteroge-
neous. Since those were observational/real world studies,
the outcomes assessment could have been biased. All these
can explain the high degree of heterogeneity seen in

Figure 9. Forest plots of hazards ratios (HR) with cumulative effect size and associated 95% confidence interval (CI) reported for major adverse
limb events, including major amputation, open surgery and thrombectomy for acute limb ischemia.
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some of our analyses. Moreover, patients from different
countries, with different socioeconomic and ethnical back-
ground were pooled together, likely leading to the high
heterogeneity observed in the pooled estimations.

Conclusions

Our meta-analysis revealed that statin use is associated
with reduction of cardiovascular and all-cause mortality,
MACE, and limb adverse outcomes in patients with PAD.
Our study supports prior sparse data from randomized-con-
trol trials, urging the prescription of statins in all PAD
patients. High-intensity statins seem to offer higher level
of protection compared to lower intensity. These findings
are of paramount clinical importance as only 50% of
patients with established PAD were on treatment with sta-
tins in our study, while an even smaller proportion received
a high-intensity dosage. This underscores the need for
intense statin treatment in all patients with PAD, consistent
with evidence-based guidelines. Nonetheless, additional
research is warranted in order to further evaluate the effect
of statin therapy on outcomes after revascularization proce-
dures for PAD and help determine the most optimal statin
regimen.
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ESM 1. Quality assessment of included studies according
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