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Abstract

Background Statin dose guidelines for Peripheral Artery Disease (PAD) patients are largely
based on coronary artery disease and stroke data. The aim of this study is to determine the effect 
of statin intensity on PAD outcomes of amputation and mortality.  
Methods Using an observational cohort study design and a validated algorithm we identified 
incident PAD patients (2003-2014) in the national Veterans Affairs data. Highest statin intensity 
exposure [high intensity vs low- moderate intensity vs antiplatelet therapy but no statin use (AP
only)] was determined within one year of diagnosis of PAD. Outcomes of interest were lower
extremity amputations and death. The association of statin intensity with incident amputation and 
mortality was assessed with Kaplan Meier plots, Cox proportional hazards modeling, propensity 
score (PS) matched analysis as well as sensitivity and subgroup analyses to reduce confounding. 
Results In 155,647 patients with incident PAD, more than a quarter (28%) were not on statin. 
Use of high intensity statins was lowest in patients with PAD only (6.4%) as compared to 
comorbid coronary/carotid disease (18.4%). Incident amputation and mortality risk declined 
significantly with any statin use compared to AP only group. In adjusted Cox models, the high
intensity statin users were associated with lower amputation risk and mortality as compared to 
AP only users [HR 0.67; 95% CI (0.61, 0.74) and HR 0.74; 95% CI (0.70, 0.77), respectively]. 
Low-moderate intensity statins also had significant reductions in risk of amputation and 
mortality [HR amputation 0.81 (0.75, 0.86), HR death 0.83 (0.81, 0.86)] as compared to no 
statins (AP only) but effect size was significantly weaker than the high intensity statins 
(p<0.001). The association of high intensity statins with lower amputation and death risk 
remained significant and robust in PS matched, sensitivity and subgroup analyses. 
Conclusions Statins, especially high intensity formulations, are underutilized in PAD patients.
This is the first population based study to show that high intensity statin use at time of PAD 
diagnosis is associated with a significant reduction in limb loss and mortality compared to low-
moderate intensity statin users as well as patients treated only with antiplatelet medications but 
not with statins.

Key ords: peripheral artery disease, statins, high intensity statins, amputations, vascular 
medicine, mortality, propensity score, veterans health.

AP only users [HR 0.67; 95% CI (0.61, 0.74) and HR 0.74; 95% CI (0.70, 0.77), respeppppp ctively]. 
Low-moderate intensity statins also had significant reductions in risk of amputatioiooooon n n n n n anananananand dd d dd
mortality [HR amputation 0.81 (0.75, 0.86), HR death 0.83 (0.81, 0.86)] as compaaaaaarererererered d d d d d totooooo nnnnnnno o o o oo
tatins (AP only) but effect size was significantly weaker than the high intensity statins
p<0.001). The association of high intensity statins with lower amputation and death risk 
emained siggnificant and robust in PS matched, sensitivity and subgroup analyses. 

Connnnnnccccccllllllluuuuuuusssssssiiiiiiooooonnnnnnnsssssss Statatatatins, especially high intensity ffororormulations, areeee unu deeerrrur tilized in PAD patients.
Thisisisisisisi iiiiiiis the firssstttttt popopopopopopopupppp laaaaaatitititt ononononononon bbbbbasasasasasassedededededede sssssstutututututudydyyy ttttttoo showwwww thahaattt hiiiighghghghghghh iiiintntntntntntenenenenenee sisisisitytyytytyy ststststataaaa ininininin useeeeee atatatatatata tttttttimimimimimimime offffff PPPPPPADADADADADADAD   
diaaaagaa nnnnon sis is associiiiaaatedddd wwwwwwiw thhhhhh aaaaaa signifififffifficiciccicccanannt reductctcttionn n in lllliiimiii b looooooosssssss  annnnddd d mooorrrtalalalalalalalititititttity compmpmpmpmpmpmparaaaaaa ededededddd to low-wwwww
modedededededeerate intennnnnnnsisisisisisiityyyy sstaaaatitiiin usererererererers as well asss patieeeeeennnnts trtrtreaaaaaaatetetetetetetedddddd d ooooononlylyllll   withthtthh antipiipplaaaaaateteeeeeelet meedidididididid caaaattttions bbuuutt t
not wiwiwiwiwwiwiththththththh staaaaaatititititititinsnsnsnsnsnsns.
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Clinical Perspective

What is new? 
Our study shows that use of high intensity statins early in PAD diagnosis is better in 
terms of decreasing risk of amputation and death in PAD patients. 
Use of low and moderate intensity statins also have beneficial effects for limb loss and 
mortality compared to no use of statins. 
There is still considerable underutilization and recognition of the role of secondary 
prevention using statins in PAD patients especially in those without coronary disease.

What are the clinical implications? 
Upon diagnosis of PAD, a patient should be started on the highest intensity of statin that 
can be tolerated much like coronary artery disease (CAD) to reduce their lifetime risk of 
amputation and death. 
Emphasis needs to be laid on early diagnosis and treatment of PAD especially in the 
absence of CAD by all providers including primary care physicians, cardiologists, 
vascular specialists etc.

 by guest on January 12, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


Introduction

Peripheral artery disease (PAD) is a highly prevalent atherosclerotic syndrome affecting 8 to 12 

million individuals in the United States and is associated with significant disability, morbidity 

and mortality1, 2. The prevalence is 15-20% in individuals over 65 years3. There are 148,000 

major amputations done annually in the United States due to PAD4. Annual mortality (8.2%) is 

higher among patients with PAD than after a myocardial infarction (6.3%)5. Despite the 

significant limb and cardiovascular outcomes in PAD, there is poor risk factor modification 

relative to other atherosclerotic diseases like coronary artery disease (CAD) or stroke6-15.

In 2013, the American Heart Association/ American College of Cardiology (AHA/ACC) 

guidelines on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in 

adults recommended that all patients with clinically apparent atherosclerotic cardiovascular 

disease should be initiated on high-intensity statins [3-hydroxy-3-methylglutaryl-coenzyme 

(HMG-CoA) reductase inhibitors] 16. The guidelines cited that the level of evidence for PAD was 

low. The Heart Protection Study is the only RCT to include a large number of PAD patients and 

showed a reduction in the rate of first major vascular and peripheral vascular events in a 

subcohort of Simvastatin treated PAD patients 17, 18. PAD remains an understudied disease 

population19 and most data or risk estimates are obtained from sub-cohorts of CAD patients or 

isolated from population group estimates5, 20, 21.

Given the lack of evidence supporting use of high intensity statins in PAD patients, the 

objective of our study was to determine the effect of statin intensity (based on 2013 ACC/AHA 

guidelines) on PAD outcomes of amputation and mortality. We also sought to evaluate the 

variation in prescription of statin intensity over time and by presence of comorbid atherosclerotic 

disease conditions in a large PAD cohort.

guidelines on the treatment of blood cholesterol to reduce atherosclerotic cardiovvasasasasasascucucucucuculalalalalalar rr rr r ririririririsksksksksksk iiiiiin nnnnn

adults recommended that all patients with clinically apparent atherosclerotic cardiovascular 

disease should be initiated on high-intensity statins [3-hydroxy-3-methylglutaryl-coenzyme 

HMMMMMMMGGGGGGG-CoA) rerererererer dudududududuductctctcttasssssse eeee inininininininhihihihhihibibiiiiitototototototorsrsrsrsrsrss]]]]]]] 16. ThThhThThhe guidddddeleeee innneees ccccccitititititittedededededed tttttthahahahahahah t ththhththhe leleleelevevevevevellll of eeeeeevivivivivivividededededededennnnnnncecccccc fffororororoorr PPPPPPPADADADADADADD wwwwas

owwww.w.w TTTTTThe Heartrtrtrtrtrtt PPPPPPProoottteccctc iiiion StStStStSStS uuuduuu y is the ooonly RCCCRCRCCT tototo incncncncncncn luluululululudededededede aaaa largegeggee nummmmbeeeeeer r r r r r r of PADDDDDDD pataatattients ananaannd 

hhhowowowededed aaa rrrededdeducucuctititiononon iiinnn thththeee rararatetete ooofff fififirsrsrsttt mamamajojojorrr vavavascscsculululararar aaandndnd ppperereripipipheheherararalll vavavascscsculululararar eeeveveventntntsss ininin aaa 
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Methods

This study was approved by the Emory University IRB and Atlanta VAMC Research and 

Development Committee. Informed consent was waived for a retrospective cohort study design 

with no human subject contact and minimal privacy risks. The data and study materials will not 

be made available to other researchers for purposes of reproducing the results or replicating the 

procedure since they contain subject identifiers. However, the analytical approach is described in 

sufficient detail in the manuscript to allow researchers with VA data access to reproduce and 

replicate results.

Sample and Database

Incident PAD patients were identified from the national Veterans Health Administration (VHA) 

data using a validated algorithm22 [ICD-9 diagnosis code for PAD + any one of three criteria: 1.) 

Two ankle brachial indices (ABIs) in 14 months, 2.) 2 visits to vascular surgeon/clinic in 14 

months, or 3.) any PAD procedure code] from 2003-2014 and who did not have previous PAD 

diagnosis code in their medical record in 3 years (2000-2002) [N=155,647]23.

Study Exposure and Outcome

The exposure was defined as the highest statin dose used/prescribed to a veteran around their 

PAD diagnosis date (six months before and after). The statin dose/intensity was defined by the 

2013 ACC/AHA guidelines (eTable 1). Low and moderate intensity statins were combined into 

one category because less than 4% subjects were on low intensity statins. Since the Simvastatin 

80mg dose is not part of the 2013 ACC/AHA guidelines and is no longer prescribed in the VHA 

pharmacy due to concerns of myotoxicity24, we excluded it from the main Cox models and 

propensity matched analyses but included it in a sensitivity analysis.

ncident PAD patients were identified from the national Veterans Health Administstststststrrrrrratatatatatata ioioioioioionnn nn n (V(V(V(V(V(V( HAHAHAHAHAHA) 

data using a validated algorithm22 [ICD-9 diagnosis code for PAD + any one of three criteria: 1.)

Two ankle brachial indices (ABIs) in 14 months, 2.) 2 visits to vascular surgeon/clinic in 14 

montntntntntntnthhhhhshh , or 3.)) aaaaaanynynynynynyny PPPPPADADADADAAD ppppppprorororroroceceeeeeedudududududud rerererererer ccccccodddde]e]]ee] from mm m m 202222 030303-20000001111114 4 4444 anananananannd ddddd whwhhwhwhho o oooo didddd d ddd d nonnnn t hahahahahahahaveveveveveveve ppppppprerrrrr viiiououououoouusssssss PAPAPAPAPAPAADDDDDD

diaggggggnnnnonnn sis codeeeeee iiiiiiin n thtththeirrr r mem ddididididd cccacccc l record innn 3 yeararararaa s (2(2(200000000000000------2020202020202 020202020202) ) [NN==1=== 55,6,,664777777]]]]]]23.

StStStudududyyy ExExExpopoposususurerere aaandndnd OOOutututcococomememe
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The outcomes of interest were (1) incident amputation (mid/hind-foot, below and above 

knee amputations) and (2) death after PAD diagnosis during follow-up (ICD-9 diagnosis codes 

and procedure codes in eTable 2). The follow-up continued through outcome occurrence or 

December 31, 2015 (whereupon the subject was censored). Patients with prior amputations were 

included in the analysis but incident amputation was defined as the first amputation after PAD 

diagnosis. Long-term survival of the cohort of patients was extracted from the VA vital status 

file.

Covariates 

A comprehensive list of patient covariates was abstracted from the database; all variables were 

measured as close as possible to the PAD diagnosis date with a 6-month limit on either side. 

Covariates included demographics (age at PAD diagnosis, sex, race), socioeconomic status 

(SES) as defined by median household income of the patient’s most recent residential zip code 

tabulation area (ZCTA), body mass index (BMI), smoking (current vs. former vs. never smoker, 

classified using a validated method for text based health factors25), antiplatelet drug use (aspirin, 

clopidogrel, other), cilostazol use, patient co-morbidities [diabetes (DM), hypertension (HTN), 

coronary artery disease (CAD), chronic obstructive pulmonary disease (COPD), congestive heart 

failure (CHF), atrial fibrillation (AF), carotid artery stenosis (CAS), chronic kidney disease or 

end stage renal disease (CKD/ESRD), and depression] (eTable 2), laboratory values [total 

cholesterol, high density lipoprotein (HDL), low-density lipoprotein (LDL), hemoglobin A1c 

and serum creatinine], PAD severity (claudication vs. rest pain vs. ulceration/gangrene vs. not 

specified), and diagnosis year. All variables were abstracted from the national Veterans Affairs

(VA) Corporate Data Warehouse and VA Medical SAS administrative databases.

measured as close as possible to the PAD diagnosis date with a 6-month limit on eeeeeeititititititheheheheheher r r r rr sisisisisiisidededededede. . ...

Covariates included demographics (age at PAD diagnosis, sex, race), socioeconomic status

SES) as defined by median household income of the patient’s most recent residential zip code 

abuuuuuuulalalalalalalation area aaaaa (((((Z(( CTCCCCCC A)A)A)A)AA),,,,,, bobobobobobob dydydyydydyy mmmmmmmasasasasasasa ssssss indedeededeex (BMIMIMIMIIM ), smmomookikikikikikiingngngngngng ((((((cucucucuccc rrrrrrrreneneenenennttt t vsvvvv ... foffff rmmmmmmererererererer vvvvvvvs.ss.s.s.s.s nnnnevvvvvvererererrr ssssssmomomomomomookekkkkk r, 

classsssssisisisisisiified usingngngngngngg aa vvvvaaaliddddaaaated mmmmmmmethod forr tttext baasasaaa eeeed hhheaaaaaaaltltltltltlth hhhhhh fafafafafafactctctctcttoors25555),,, antttippplaaaaaateteeeeetelet drugugugugugugugg uusesesee (aspiiiiriiiin, 

clclclopopopidididogogogrererelll, ooothththererer)),) cccilililososostatatazozozolll usususeee, pppatatatieieientntnt cccooo-momomorbrbrbidididitititieieiesss [d[d[diaiaiabebebetetetesss (D(D(DM)M)M), hyhyhypepepertrtrtenenensisisiononon (((HTHTHTN)N)N), 
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Statistical Analysis

Demographic and clinical variables were assessed for the entire cohort and stratified by statin use 

(none vs. low-moderate intensity vs. high intensity). Continuous variables were expressed as 

means (± standard deviations (SD)) or as medians (± interquartile ranges (IQR)) if they were not 

normally distributed. These were compared using the Kruskal-Wallis test. Discrete variables 

were compared using χ2 tests for proportions. Proportions of missing data were also calculated 

and compared in the cohort to determine whether data were missing at random (eTable 3). We 

explored the distribution of statin use over time by 3-year periods and among patients with other 

atherosclerotic diseases for the full cohort [N=155,647].

For the main analysis comparing statin intensity with outcomes of amputation and 

mortality, we did a 3 level comparison: high dose statin users (N=19,301), low-moderate dose 

(N=60,338) statin users and those not taking statins but following another guideline-directed 

therapy [antiplatelet drugs including aspirin and clopidogrel, as the “active comparator group”] 

(N=28,351) to reduce healthy user bias [patients who initiate a medication (i.e. statin in our 

study) may do better than those who don’t due to their healthy behavior rather than the effect of 

the medication]. Unadjusted associations for statin intensity and risk of death and amputation 

were obtained using Kaplan-Meier curves over entire study period accounting for censoring. 

Subjects were censored on December 31, 2015 in the mortality curves and upon death or 

December 31, 2015 in the amputation curves. Cox proportional hazards regression models were 

then constructed to calculate adjusted hazard ratios (HR) and 95% confidence intervals (CI) for 

amputation and death by statin intensity categories with the referent as the “active comparator” 

group on antiplatelet medications but no statins (AP only). The Cox proportional hazard models 

for amputations were cause specific to account for competing risk of death in follow-up. The 

For the main analysis comparing statin intensity with outcomes of amputaaaaaatitititititionononononon aaaaaandndndndndndd 

mortality, we did a 3 level comparison: high dose statin users (N=19,301), low-moderate dose 

N=60,338)))))) statin users and those not taking statins but following another guideline-directed 

herrrrrrapapapapapapapy [antiplalalalalalattettttt lelellelellet drdrddrdrdruguguguguguggssssss s inininii clclclclclclc udududududududininininining g gggg asssspippppp rin annnnnd dddd cllooopiddddddogogogogogogo rerereeerel,l,l,l,l,l, as ss s ththhththhe e eeee “actctctctctivi e cococococococompmpmpmpmpmpmparararararara atororooroor gggggggrorororororoupupupupupupup”] 

N=2=2=2=2=2=228,351) to o o o o  rererereereedudduduce hhhhealthyhyhyhyhyhyh  user biass [[[patiennnnnntttts wwwhohohoooo iiiiiinininininininititititititi ttttatateeee aaa a mmmmeddid caaatitiionnnnnn ((((((i.e. statatatatatattinininininin iiinnnn our 

tttudududy)y)y) mmmayayay ddddooo bebebettttttererer ttthahahannn thththosososeee whwhwhooo dododon’n’n ttt dududueee tototo tttheheheiririr hhheaeaealtltlthyhyhy bbbehehehavavavioioiorrr rararathththererer ttthahahannn thththeee efefeffefefectctct ooofff 
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models adjusted for listed covariates in Table 1 except cholesterol levels as statin use would 

impact these measurements and therefore they function as mediating variables. 

We then performed propensity score (PS) matched analysis to further control for 

possible confounding in two sub analyses. (1) We calculated 3-level propensity scores 

comparing low-moderate and high intensity statin users to the active comparator group (AP only) 

to address confounding by indication. Propensity scores were calculated with logistic regression 

using all covariates listed in Table 1 except cholesterol (impacted by statin use), HbA1c (large 

proportion missing data) and excluding antiplatelet use as a predictor. For this we used a 

validated SAS macro to execute a 1:1:1 match using a caliper of 0.6 times the standard deviation 

of the logit of the propensity score, generating AP only, low-moderate intensity statin and high 

statin intensity trios matched on propensity scores26. Pre-match histograms of scores were 

compared to ensure sufficient overlap for matching, and post-match balance was assessed using 

pairwise standardized differences in eTable 4. Cox models stratified on matched trio and

adjusting for all propensity score covariates were run to calculate hazard ratios for low-moderate 

intensity statin vs AP only group and high intensity statin vs. AP only group. Tests for trend 

from AP only to low-moderate to high intensity statin were also performed. Despite strong 

observed post-match balance, we additionally adjusted for all propensity score covariates to 

guard against a mis-specified score27. (2)  We made low-moderate intensity statin users as the 

active comparator to further control for a healthy user bias and provide more closely matched 

controls.  Propensity scores were calculated to match high intensity statin subjects to those taking 

low-moderate intensity statins in a 2- level analysis27. A validated SAS macro was used to 

execute a 1:1 nearest neighbor matching algorithm with a caliper of 0.2 times the standard 

deviation of the logit of the propensity scores. Pre-match histograms of scores were compared to 

of the logit of the propensity score, generating AP only, low-moderate intensity statatatatatatitititititin nnnnn anananananand d ddddd hihihihihihighghghghghgh 

tatin intensity trios matched on propensity scores26. Pre-match histograms of scores were

compared to ensure sufficient overlap for matching, and post-match balance was assessed using 

pairrrrrrwwiwwwww se standdddddararararararrdiiiiiiizezzzz d d dididididiiffffffffffffffererereererenenennnenncecececececec sssssss inininininin eTaTaaTaTaable 4. CCCCCoxxx mododododododdeleleeelelssssss ststststststtrarrrrr titititiffffiff ededededee  on nnn n matctctctctctcchehehehehehehed dd d d d d trtrtrtrtrtrt io aaaaaandndndndndndd

adjuuuuuusssstststs ing for alalalalalall l l l l l prrrrooopeneenennsity scccocccc re covarriaaates wweweweww rrre rrunununnnn tttttttoooooo cacacacacacac lclclcllclculuuuulateeee hhhah zaaardrdd rrrrrratatatatatata ios for r rr r r lololololoowwww----modeeeeraaaate

nnntetetensnsnsititityyy stststatatatininin vvvsss APAPAP ooonlnlnlyyy grgrgrouououppp anananddd hihihighghgh iiintntntenenensisisitytyty ssstatatatititinnn vsvsvs. APAPAP ooonlnlnlyyy grgrgrouououppp. TTTesesestststs fffororor tttrererendndnd 
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ensure sufficient overlap for matching, and post-match covariate balance was assessed in eTable 

5 using standardized differences. Cox models stratified by matched set were then constructed to 

calculate adjusted HRs among these matched pairs.

The effects of excluding simvastatin 80 mg were evaluated in a sensitivity analysis. 

Subgroup analysis was done for age, gender, diabetes status, CAD status, and race. All variables 

were found to meet the proportional hazards assumption via log-log survival curves for 

amputation and mortality. Wald confidence limits were constructed for all hazard ratios and an 

additional test for trend was run to compare the low-moderate and high statin groups. 

The statistical analysis was done using SAS version 9.4 (SAS Institute, Cary, NC). Two-

sided p-values < 0.05 were considered statistically significant.

Results

Statin use in veterans with PAD

Our cohort consisted of 155,647 veterans with incident clinical PAD with a median follow up of 

5.9 years. The majority of the cohort was male (97.9%) with a mean age: 66.7 years (SD 9.9). 

The demographics of the full cohort and each analytic group are listed in Table 1. More than a 

quarter of patients (N=45,503, 28.0%) were not on any statin medication at the time of PAD 

identification. Of these, 28,351 (18.2%) were on antiplatelet medications but not on statins and

served as the active comparator in our subsequent analyses.  About 60,338 (38.8%) patients were 

on low-moderate intensity statins and 19,301 (12.4%) were on high intensity statins at the time 

of PAD diagnosis. There were a substantial number of veterans (20.9%) on Simvastatin 80mg. 

We stratified study subjects by use of statins over time (Figure 1a) and found that the use of 

Simvastatin 80 mg declined dramatically in the most recent study time period (2012-2014) while 

ided p-values < 0.05 were considered statistically significant.

Results

Statatatatatatininininininin use in veveveveveveeteeeeeerarrr nsnsnss wwwwwwwitititititithhhhhh PAPAPAPAPAPAPADDDDDDD

Ourrrr r r ccccoccc hort connnnnnnsisisssss stttteeed ooooffff 15555,5555 6664666 7 veteraannns withhh hhh iiiinccic dededeeentntntntntntn ccccccclililililili iiiiniicaccacaal PAPAPAAD wiwwiithhhhhh aaaaaaa mediaaaaaan n n n nn n foooollllow upppp ofo  
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the use of other high intensity statins rose during the same interval. Interestingly, the number of 

patients not on statins remained steady (25-30%) from the 2006-2008 interval till the most recent 

study interval (2012-2014). We investigated statin use in patients by concurrent clinical 

atherosclerotic comorbidities [coronary artery disease (CAD) or carotid artery stenosis (CAS)] 

(Figure 1b). Patients with PAD alone were much more likely to not be prescribed statins (42%) 

as compared to those with PAD and a concomitant diagnosis of CAS (34.9%), CAD (17.6%), or 

both (15.7%). Having a diagnosis of concomitant CAD/carotid disease with PAD also was 

associated with a higher likelihood of being on a high intensity statin as compared to those with 

PAD only (18.4% vs 6.4%).

Unadjusted associations of statin intensity with amputation and mortality 

There were 10,824 amputations and 63,287 deaths identified during follow up. The median time 

to outcome was 0.98 yrs for amputation and 3.6 years for mortality. Figure 2 provides the KM 

analysis demonstrating any statin medication use (high-intensity as well as low- moderate 

intensity statin) at the time of PAD diagnosis having better overall survival and amputation-free 

survival compared to the active comparator (AP only) group while accounting for censoring over 

time. The crude incidence rate of amputation and mortality in PAD patients were 0.04 

amputations per 1000 person yrs and 0.16 deaths/1000 person yrs for high intensity statin users 

respectively, 0.03 amputations and 0.2 deaths/ 1000 person yrs for low- moderate intensity 

statins respectively as compared to 0.04 amputations and 0.21 deaths/1000 person yrs for the 

active comparator group respectively. The unadjusted risks using Cox proportional hazards 

modeling showed use of low-moderate intensity statins at the time of PAD diagnosis having a 

7% decrease in mortality in PAD patients [HR 0.93, 95% CI (0.90, 0.95)] while high intensity 

statins had a 18% decreased risk of death [HR 0.82, 95% CI (0.79, 0.85)] compared to the AP 

Unadjusted associations of statin intensity with amputation and mortality 

There were 10,824 amputations and 63,287 deaths identified during follow up. The median time 

o outcome was 0.98 yrs for amputation and 3.6 years for mortality. Figure 2 provides the KM 

analalalalalala yyyyysyy is demononnnnnsstsssss rararaaratitttt ngnggggg ananananananany yyyyy ststttttatatatatatatatininininininn mmmmmmede icicciciccata ion usususussu e (h(h(highhhhhh----ininininininteteteetetensnsnsnsnsnsn ity yy y asasasasass wwwwweleleelellllll as llllllowowowowowowow- mommmmmm deeeeeerarararaaatetetetetetet  

nteeeeeensnsnsnsnsnsn ity statinnnnnn))))) ata tthhe tiiiime ofofofofofofo  PAD diaagngnnosis hhhhhhaaaavinining bebebebebebettttttttttttteeerererer oooovvvev raaaallll survivviivaaaaaallllll and ammmmmmmpupupupupppp tattataation-fffrfreeeee  

uuurvrvrvivivivalalal cccomomompapaparereredd d tototo ttthehehe aaactctctiviviveee cococompmpmparararatatatororor (((APAPAP ooonlnlnly)y)y) gggrororoupupup wwwhihihilelele aaaccccccououountntntinininggg fofoforrr cececensnsnsorororinininggg ovovovererer

 by guest on January 12, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.032361

11

only group. Similarly, use of statins was associated with lower amputation risk in the PAD 

cohort: Low-moderate intensity [HR 0.80, 95% CI (0.75, 0.84)] and high intensity statins [HR 

0.85, 95% CI (0.79, 0.91)] as compared to the active comparator group (AP only). 

Adjusted associations of statin intensity with amputation and mortality

To better delineate the effect of statin intensity on mortality and amputation risk in PAD we 

adjusted for a host of confounders.  We determined age, presence of CAD and year of diagnosis 

of PAD to be the most important confounders that may affect use of statin as well as the 

outcomes of interest. We adjusted for these three variables using Cox proportional hazards 

modeling (Table 2, adjusted model 1); we found low-moderate intensity statins still had a 

significant reduction in mortality and amputation risk respectively [ HR 0.83, 95% CI (0.81 , 

0.85) ] and HR 0.76, 95% CI (0.72, 0.80)] as compared to AP only use while high intensity 

statins had a more significant benefit for both outcomes with a 30% risk reduction in mortality 

[HR 0.70, 95% CI (0.67, 0.73)] and 39% risk reduction in amputation risk [HR 0.61, 95% CI 

(0.56- 0.66)] as compared to AP only group. 

In a more comprehensive Cox model [Table 2, adjusted model 2 and eTable 6], we 

further adjusted Model 1 for additional confounders like race, sex, SES, BMI, serum creatinine, 

comorbidities [DM, HTN, CHF, COPD, AF, CAS, depression and CKD/ESRD], antiplatelet 

medications, cilostazol and PAD severity. The hazard of death was 17% lower for low-moderate 

[HR 0.83, 95% CI (0.81-0.86)] and 26% lower for high intensity statins [HR 0.74, 95% CI (0.70-

0.77)], compared to AP only active comparator group. The risk of amputation was similarly 

lower: 19% [HR 0.81, 95% CI (0.75-0.86)] for low-moderate intensity statin users and 33% [HR 

0.67, 95% CI (0.61-0.74)] lower for high intensity statin users versus AP only group. The hazard 

ratios for those on high intensity statins were also statistically significantly lower than those on 

ignificant reduction in mortality and amputation risk respectively [ HR 0.83, 95%%%%%% CICICICICICI ((((((0.0.0.0.0.0.818181818181 ,,,,,, 

0.85) ] and HR 0.76, 95% CI (0.72, 0.80)] as compared to AP only use while high intensity 

tatins had a more significant benefit for both outcomes with a 30% risk reduction in mortality 

HRRRR RR 00000.00 70, 95% %%%%% CICICICICICICI (((((0.676767676677,,,,,, 00000.0.0 7333333)])])])])])])] aaaaaandndndndndnd 39%9%%9%9%% risk rererereer duuuccction n n n n n inininininin aaaaaampmmmmmm ututututatataatatattioioioion riririririsk [[[[[[HRHRHRHRHRHRHR 0000000.6.6.6.6.6.61, 9999995%5%5%5%5%5%% CCCCCCCIIII II

0.5555556666666-- 0.66)] aaaaaasss ssss cocoooc mmmparaararred tooo oooo AP only yyyyy grgrroup. 
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low-moderate intensity statins for both death and amputation, demonstrating a protective dose-

response relationship (test for trend p<0.001). 

Propensity score matched analyses

We found similar results in a PS matched analysis whether performing a 3-level or a 2-level 

matched analysis (Table 3, eTables 4 and 5) with regards to improved survival and decreased 

amputations with high-intensity statin use in crude and adjusted PS matched models. In a 3-level 

comparison, 30,780 patients were matched in a 1:1:1 high intensity statin, low- moderate 

intensity statin and active comparator group (AP only). A statistically significant reduction in 

amputation risk [crude HR 0.69 (0.61, 0.76), adjusted HR 0.60 (0.52, 0.69)] and an almost 30% 

reduction in all-cause mortality [crude HR 0.72 (0.68, 0.76), adjusted HR 0.70 (0.66, 0.75)] was 

observed for high-intensity statin users compared to those not on statins but taking antiplatelet 

medications. A modest but statistically significant reduction of ~20% in amputations [crude HR 

0.84 (0.75, 0.93), adjusted HR 0.80 (0.70, 0.91)] and mortality [crude HR 0.83 (0.79, 0.88), 

adjusted HR 0.80 (0.75, 0.85)] was seen for low-moderate intensity statin users as compared to 

the AP only group. Using low-moderate intensity statins as the active comparator in a 2 level PS 

matched analysis, we found a statistically significant reduction of ~20% in amputation risk 

[crude HR 0.82 (0.74, 0.90), adjusted HR 0.78 (0.68, 0.89)] and 15% reduction in mortality risk 

[crude HR 0.86 (0.82, 0.91), adjusted HR 0.85 (0.80, 0.90)] for users of high intensity statins.

Sensitivity Analyses

The a priori hypothesis and methodology for our analysis sought to compare outcomes PAD 

patients using statins classified by intensity in the 2013 AHA/ACC lipid guidelines. However, 

21% of the PAD cohort was on simvastatin 80 mg, mostly in the earlier years of the cohort. 

Therefore, we also ran Cox models as a sensitivity analysis to test whether inclusion of 

eduction in all-cause mortality [crude HR 0.72 (0.68, 0.76), adjusted HR 0.70 (00 6666.666,6,6,6,6,6, 000000.7.7.7.7.7.775)5)5)5)5)5)5 ]]]]]] wawawwawawaw s

observed for high-intensity statin users compared to those not on statins but taking antiplatelet 

medications. A modest but statistically significant reduction of ~20% in amputations [crude HR 

0.8444444 (((((((0.75, 0.939393939393),)))))) aaaaaaadjdddd ususususuusteteteeeeeddddd dd HRHRHRHRHRRR 000000.8.8.8.88880000 00 ((((((0.707077 , 0.911111)])))) aaannnd mmmmmmororororororo tatataaatalilililililiitytytytytyt [[[[ccccrcc ududududuude HRHHHH 000000 88.8.8.8.88333333 (0(0(0(0(0(0(0.7.7.7..7.79, 0000.8.8.8.8.8888)8)8)88)8),,,,,,,

adjuuuuuusssstststs ed HR 0.0.0.0..0.808088888  (000.777575, 0.858585858858 )])))))  was seeeennn for loooooowwww-momomodededededederarararararatetetetetetet iiiiiintntnnteeene siiittyyy staaatiin n uuuusuuu ers as ccccccomomomomomppared toooo 
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simvastatin 80 mg changed the effect of the statin intensity association with death and 

amputations. The use of simvastatin 80 mg had a similar risk lowering effect on death and 

amputations overall for the PAD cohort as with any statin therapy compared to AP only group 

while the association of high and low-moderate intensity statins remained significant with similar 

effect sizes as the main model in terms of lower amputation and mortality risk (eTable 7). 

Subgroup Analysis

The 2013 AHA/ACC lipid guidelines are mostly applicable to patients 75 years or less in age and 

there is less evidence for statin use in PAD for older patients, blacks, women and patients with 

diabetes. Furthermore, CAD was a main indication for patients already on statins at the time of 

PAD diagnosis. Therefore, we performed subgroup analysis to explore the association of statin 

intensity and amputations and mortality in the cohort stratified by age, gender, diabetes status, 

comorbid CAD (at PAD diagnosis) and race (Figure 3). Individuals on low-moderate intensity 

and high intensity statins had similar reduction in amputation and mortality risk regardless of 

their age categorization. Patients older than 75 years of age had comparable risk reduction in 

mortality (HR 0.5) versus those 75 years or younger (HR 0.73) when using high-intensity statins 

versus being on antiplatelet medications only but no statins. In terms of limb loss, patients older 

than 75 years had a much lower risk of amputation (HR 0.61) as compared to those 75 years or 

younger (HR 0.70) when taking high intensity statins versus only antiplatelet medication and no 

statin. The number of female PAD patients (n=1799) was small in the Cox model thus leading to 

wide confidence intervals in our estimates. Women still had a significant reduction in mortality 

while on high intensity statins [HR 0.72, 95% CI 0.53-0.98] but the association of statin use with 

amputation risk was not significant with point estimate greater than 1 [HR 1.09]. Patients with 

diabetes and those without diabetes both showed significant risk reduction with statin use in a 

PAD diagnosis. Therefore, we performed subgroup analysis to explore the associiatatatatatatioioioioioionnnn n n ofofofofofoff sssssstatatatatatatitititititinnn nnn

ntensity and amputations and mortality in the cohort stratified by age, gender, diabetes status, 

comorbid CAD (at PAD diagnosis) and race (Figure 3). Individuals on low-moderate intensity 
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dose response fashion similar to the entire cohort, though the effect of high-intensity statins on 

mortality and amputation was magnified among patients without diabetes (mortality HR 0.68 vs. 

0.76 in no-DM vs. DM, amputation HR 0.52 vs. 0.75 in no-DM vs. DM). Similarly, PAD 

patients with or without comorbid CAD had a lower risk for amputations [With CAD: HR 0.66 

(High) vs 0.81 (Low-Mod); Without CAD: HR 0.73 (High) vs 0.79 (Low-Mod)] and mortality 

[With CAD: HR 0.73 (High) vs 0.85 (Low-Mod); Without CAD: HR 0.72 (High) vs 0.84 (Low-

Mod)] with statin use in a dose-dependent fashion compared to AP only group. Finally, when 

stratified by race, the effect of statin use was still significant for white and black PAD patients 

with similar reductions in mortality and amputation risk as the entire cohort.

Discussion

Our study is the largest and first of its kind to examine the effect of statin use and intensity on 

mortality and amputation risk in a large cohort of PAD patients. We confirmed low prescription 

of statins for PAD patients as compared to those with other well-known atherosclerotic disease 

processes such as CAD or carotid disease. We found an inverse dose response relationship of 

statin intensity on death and amputation risk with patients on high intensity statins. Our adjusted 

analyses showed almost 30% reduction in risk of death and 30-40% reduction in risk of major 

amputation in high intensity statin users as compared to those not on statins but on another 

guideline directed therapy i.e. antiplatelet medications. Low-moderate intensity statins also had a 

favorable association with reduced limb loss and mortality but not to the same degree as high-

intensity statins. These findings were robust to adjustment for potential confounding by 

indication and possible healthy user bias in propensity matched, sensitivity and subgroup 

analyses using active comparator groups.

Discussion

Our study yyyyy is the largest and first of its kind to examine the effect of statin use and intensity on 
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The association of high intensity statins with risk reduction of cardiovascular endpoints in 

the coronary28-31 and carotid beds32, 33 is well known. However, there are no randomized clinical 

trials or observational studies in PAD to compare high versus low- moderate intensity statins for 

PAD outcomes. The Heart Protection Study (HPS) is the only RCT that included a large 

subcohort of PAD patients (N=6748 with PAD, out of 20,536) conducted in the United 

Kingdom. They had a larger proportion of women (26%) and lower prevalence of smokers 

(21%), patients with diabetes (23%) and hypertension (43%) as compared to our cohort. The 

study showed simvastatin 40 mg had a 17% reduced incidence of CV death, 25% reduction in 

MI, coronary revascularization, and stroke and a 16% reduction in peripheral vascular events 

(non-coronary revascularization, aneurysm repairs, major amputations or PAD deaths)18. In our 

sensitivity analysis we found that patients on Simvastatin 80 mg did have 16% lower all-cause 

mortality and 22% lower risk of amputation as compared to those only on antiplatelet medication 

and no statin while patients on high intensity statins had larger reductions in amputation (32%) 

and mortality (26%) risk compared to Simvastatin 80 mg as well as the estimates from the HPS 

study. Observational studies have shown that use of any statins in PAD patients is associated 

with lower mortality and cardiovascular events34, 35. A particularly important, but often

understudied outcome in PAD patients, is limb-related outcomes. Observational studies have 

shown statin use to be associated with increased walking performance in claudicants36, 37,

reduced risk of amputation or revascularization18, 38 and improved patency of lower extremity 

vein bypass grafts39, 40. Our study confirms the association of statin use with decreased 

amputation rates and further highlights the incremental benefit of using high intensity statins 

rather than low- moderate intensity in eligible patients to improve limb salvage. Postulated 

mechanisms of this overall benefit of statins include lipid lowering as well as pleiotropic effects 

non-coronary revascularization, aneurysm repairs, major amputations or PAD deaeaeaeaeaeathththththths)s)s)s)s)s)181818181818.. InInInInInIn ooooooouruuuuu  

ensitivity analysis we found that patients on Simvastatin 80 mg did have 16% lower all-cause 

mortality yyyyy and 22% lower risk of amputation as compared to those only on antiplatelet medication
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of statins on atherosclerotic plaque18, 34, 41. Clinical studies on femoral plaque characteristics have 

reported high-dose of statins to predominantly improve plaque composition or cause plaque 

regression, leading to a more stable phenotype in PAD42, 43.

Recent studies have shown that PAD patients are less likely to receive medical 

management including statin therapy6-15, antiplatelet therapy6, 8, 10-13, 15, glycemic control9, 11, 15,

hypertension control8-12, 15 and exercise6 as compared to patients with CAD. The reasons cited 

include lack of awareness of PAD by providers6, 7, 9, 11, 12, 15 and patients14, 44, lesser perceived risk 

in PAD6, 9, 11, 14, 15, differences in subspecialists managing PAD6, 14, practice setting (university 

versus private)8, racial disparity8, lack of regulatory mandates/performance measures9, 10, 13, 15,

advanced disease at  diagnosis11 and lack of insurance coverage of PAD rehabilitation14. Our 

findings show the lack of appropriate statin use in a PAD cohort --more than a quarter of the 

patients did not take statin therapy throughout the study interval. Furthermore, a large percentage 

of PAD patients were on low-moderate intensity statins instead of high intensity statins as 

recommended. 

The AHA/ACC lipid guidelines were published in 2013 and we examined the temporal 

trends in statin intensity. We found that the percentage of patients not on statins persisted in the 

25%-30% range throughout the study interval 2003 to 2014. An encouraging trend toward 

greater use of high intensity statins, 4% in 2003-2005 up to 28% in 2012-2014 was observed. 

The under-treatment of PAD is further magnified when co-morbidities that require high intensity 

statins are considered. In patients with concurrent diagnosis of PAD with either CAD or carotid 

stenosis, the use of statins in general and high intensity statins was much higher in our cohort 

while patients with only PAD as their sole atherosclerotic disease process, about 42% were not 

on any statin medication and only 5.8% were on high intensity statins. Treatment with two or 

advanced disease at  diagnosis11 and lack of insurance coverage of PAD rehabilitaaaaaatitititititionononononon1444444..... OuOuOuOuOuOur r r r rr
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more preventative therapies (including aspirin, statin, and/or hypertensive control) is associated 

with a 65% reduced risk of all-cause mortality in individuals with PAD who do not have 

previously established cardiovascular disease12. This further amplifies the need for education and 

dissemination of the latest evidence and guidelines amongst primary care/ specialist providers 

caring for PAD as well as development of performance measures to promote use of high 

intensity statins in PAD. 

Patients on high intensity statins maybe be inherently different compared to those not on 

any statins based on indication for medication use, patient compliance or adherence to treatment. 

Therefore, we tested our hypothesis in multiple ways. We first compared statin users to 

antiplatelet users but not on statins as “healthy users” (active comparators). Furthermore, we 

confirmed the association of reduced limb loss and death with high intensity statin use in a 

propensity matched analysis where we alternated the comparison groups between high intensity 

versus low-moderate intensity vs AP only groups as well as limiting the analysis to only high 

versus low-moderate intensity statin groups to provide a highly matched control group. 

Additionally, we did sensitivity analysis where addition of simvastatin 80 mg cohort did not alter 

the effect sizes or direction of risk for amputations and mortality with statin intensity. The 

findings also remained significant in their graded (high vs low-moderate vs AP only) association 

of PAD outcomes with statin intensity in each subgroup analysis for age, race, presence of 

comorbid DM and CAD accounting for differences in indication of statin use. The consistent 

finding of reduced PAD adverse events with use of high intensity statins in our study should 

prompt further investigation into mechanisms, further observational studies, clinical trials and 

consensus guidelines for medical management of PAD.
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Our study has several limitations. We only assessed the prevalent statin use within the 

first year of diagnosis of PAD. Patients could have been started later on appropriate statin 

therapy. However, our study could be interpreted as indicating that timely initiation of statin or 

being on a statin already at the time of PAD diagnosis is associated with substantial reduction in 

death and amputations. We could not separate the statin “initiators” from the “users” given the 

high occurrence of comorbid CAD or other atherosclerotic disease processes that would need 

statin therapy. However, we did find in our subgroup analysis, that non-CAD patients had a 

similar risk reduction on amputation and death suggesting that possible statin “initiation” for non 

CAD patients has similar effects. This is an observational study using administrative data, the 

data sources are from clinical care records, and the analysis may be susceptible to residual 

confounding. We have made a significant effort to account for accurate PAD diagnosis as well as 

performing a comprehensive Cox model. Additionally, careful handling of missing data and 

performance of sensitivity and PS matched analyses were done to minimize and investigate the 

possibility of bias. The adherence and patient compliance with prescribed statin dose was not 

measured in the study hence, we did not do a time varying covariate analysis. This should be 

looked into further in future studies. We conjecture that patient compliance may show more 

benefit with adherence to high intensity statin use. Our study is based on VHA data and it is 

overwhelmingly comprised of male patients with high prevalence of smoking. Results may differ 

in a non-VA population.

In conclusion, our study shows an associated benefit between patients on high intensity 

statins before or early upon diagnosis of PAD to have a lower lifetime risk of death and 

amputations. Low-moderate intensity statins also reduce the risk of limb loss and mortality as 

compared to patients on antiplatelet medications but no statin therapy and may have an important 
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role in patients intolerant of high-intensity statins. Further work is needed to quantify the risk 

benefit with patient medication adherence, the effect of statin intensity on disease severity of 

PAD as well as implementation of strategies to increase statin use in PAD patients. 

Sources of Funding

Supported by the following grant(s): 

Arya: American Heart Association Mentored Clinical and Population Research Award 

(15MCPRP25580005); NIH-National Institute on Aging (NIA) 1R03AG050930; American 

Geriatric Society/Society for Vascular Surgery (SVS) Foundation Jahnigen Career Development 

Award.

Brewster: NIH- National Heart, Lung, and Blood Institute (NHLBI), 1KO8HL119592; Soceity 

for Vascular Surgery Foundation/American College of Surgeons Mentored Clinical Scientist 

Research Career Development Award; Department of Defense, Congressionally Directed 

Medical Research Programs/ Orthotics and Prosthetics Outcomes Research Program; OP140015 

Wilson: Veteran Affairs Merit Grant I01-CX001025

This material is the result of work supported with resources and the use of facilities at the Atlanta 

VA Medical Center, Decatur GA.

The funding organizations did not participate directly in the design and conduct of the study; 

collection, management, analysis, and interpretation of the data; and preparation, review, or 

approval of the manuscript; and decision to submit the manuscript for publication. The views 

expressed in this article are those of the authors and do not necessarily reflect the position or 

policy of the Department of Veterans Affairs or the United States government.

Award.

Brewster: NIH- National Heart, Lung, and Blood Institute (NHLBI), 1KO8HL119592; Soceity 

for Vascular Surgery Foundation/American College of Surgeons Mentored Clinical Scientist 

Ressseseseseseaaaaraa ch Careeeeeeeeeeeerrrrr rr DeDeDDeDeDDeveeeeeelololololoopmpmpmpmpmpmpmenennnnnnttttt t AwAwAwAwAwAwararaaaa d; DDDDDDepartmtmtmtmmt ennnttt off DDDDDDDefefefefefefenenenenenennsesssss ,,, CoCoCCoCoCoongngnggngreeeeessssss ioonananananananalllllllllly y y y y yy DiDDDDDD rectctcctcctededededededd 

Meeeeedidididididiicac l Reseaaararaaa chcchchchcc PPProooogggrg amsssssss///////// Orthoticss aaand Prrrrrrosooosthhheeeticcccccsssss OuOuOuOuOuOuO ttttctct oooommmem ssss RRReR seeeaaarchchchchchch Programamamamamama ; OOOOP140000151  

WiWiWilslslsononon::: VeVeVeteteterararannn AfAfAffafafairirirsss MeMeMeriririttt GrGrGranananttt I0I0I0111-CXCXCX0000000101010252525

 by guest on January 12, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.032361

20

Disclosures

The authors report no conflicts or relations with industry.

References

1. Allison MA, Ho E, Denenberg JO, Langer RD, Newman AB, Fabsitz RR and Criqui MH. 
Ethnic-specific prevalence of peripheral arterial disease in the United States. Am J Prev Med.
2007;32:328-333.
2. Criqui M. Peripheral arterial disease - epidemiological aspects. Vasc Med. 2001:3 - 7.
3. Criqui MH and Aboyans V. Epidemiology of Peripheral Artery Disease. Circ Res.
2015;116:1509-1526.
4. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA and Fowkes FG. Inter-
Society Consensus for the Management of Peripheral Arterial Disease (TASC II). J Vasc Surg.
2007;45 Suppl S:S5-67.
5. Caro J, Migliaccio-Walle K, Ishak KJ and Proskorovsky I. The morbidity and mortality 
following a diagnosis of peripheral arterial disease: long-term follow-up of a large database. 
BMC Cardiovasc Disord. 2005;5:14.
6. McDermott M, Mehta S, Ahn H and Greenland P. Atherosclerotic risk factors are less 
intensively treated in patients with peripheral arterial disease than in patients with coronary 
artery disease. J Gen Intern Med. 1997;12:209 - 215.
7. Hirsch A, Criqui M, Treat-Jacobson D, Regensteiner J, Creager M, Olin J, Krook S, 
Hunninghake D, Comerota A, Walsh M, McDermott M and Hiatt W. Peripheral arterial disease 
detection, awareness, and treatment in primary care. JAMA. 2001;286:1317 - 1324.
8. Conte MS, Bandyk DF, Clowes AW, Moneta GL, Namini H and Seely L. Risk factors, 
medical therapies and perioperative events in limb salvage surgery: observations from the 
PREVENT III multicenter trial. J Vasc Surg. 2005;42:456-464; discussion 464-455.
9. Rehring TF, Sandhoff BG, Stolcpart RS, Merenich JA and Hollis Jr HW. Atherosclerotic 
risk factor control in patients with peripheral arterial disease. J Vasc Surg. 2005;41:816-822.
10. Hoeks SE, Scholte op Reimer WJM, van Gestel YRBM, Schouten O, Lenzen MJ, Flu W-
J, van Kuijk J-P, Latour C, Bax JJ, van Urk H and Poldermans D. Medication Underuse During 
Long-Term Follow-Up in Patients With Peripheral Arterial Disease. Circ Cardiovasc Qual 
Outcomes. 2009;2:338-343.
11. Cacoub PP, Abola MTB, Baumgartner I, Bhatt DL, Creager MA, Liau C-S, Goto S, 
Röther J, Steg PG and Hirsch AT. Cardiovascular risk factor control and outcomes in peripheral 
artery disease patients in the Reduction of Atherothrombosis for Continued Health (REACH) 
Registry. Atherosclerosis. 2009;204:e86-e92.
12. Pande RL, Perlstein TS, Beckman JA and Creager MA. Secondary prevention and 
mortality in peripheral artery disease: National Health and Nutrition Examination Study, 1999 to 
2004. Circulation. 2011;124:17-23.
13. Subherwal S, Patel MR, Kober L, Peterson ED, Jones WS, Gislason GH, Berger J, Torp-
Pedersen C and Fosbol EL. Missed Opportunities: Despite Improvement in Use of 
Cardioprotective Medications Among Patients With Lower-Extremity Peripheral Artery Disease, 
Underuse Remains. Circulation. 2012;126:1345-1354.

5. Caro J, Migliaccio Walle K, Ishak KJ and Proskorovsky I. The morbidity and dd mortality 
following a diagnosis of peripheral arterial disease: long-term follow-up of a largggggeeeee e dadadadadadatatatatatatababababababasesesesesese....
BMC Cardiovasc Disord. 2005;5:14.
6. McDermott M, Mehta S, Ahn H and Greenland P. Atherosclerotic risk factors are less 
ntensively treated in patients with peripheral arterial disease than in patients with coronary 

artery disease. J Gen Intern Med. 1997;12:209 - 215.
7. HiHiHHiHiHiH rsrsssssschchchchchchc AAAAAA, CrCCC iqui M, Treat-Jacobson D, Reeegggensteiner J, CrCrreeeae ger rr M, Olin J, Krook S, 
Hunnnnnnnnnnnnnninghake D,DDDDDD CCCCCCComomomommomerereree otototototototaaaaa a A,A,A,A,A,A, WWWWWWWalalalalalalshshshsshs MMMMM, McDeDeDeDeeD rmmmooott M M M M M M M anananananand d d d dd HiHiHiHiHH atatatattttt tt WWW.WWWW PPPPPereeee ippppppheheheheheheherararararararal llll l l arararaarararteriiiiiialalalalll ddddddisisisisisiseaeaeaeaeaeae ses  
detttttet ccccction, awareneeeessss, anannnnnnddd trrrrrreaeaeaeaeaeatmennt ttttt iiiininii ppprimaryyy carrreee. JAJAJAJAJAJAMA. 20202020202001111;222286:131111117 7 7 77 77 - 1324444444.
8. Conte MSMMMMMM ,,,, BaBBandnndnddyk DDDDDDDF, Clowess AAW, MoMMMMM nenenetaaa GGGGGGGLLLLL,LL NNNNNNamaamamminnnni H H annnddd SeSeSeSeSeSeely L. RRRRRRRiisii kkk k factorrrrs,,,, 
medidididiididicacacacacacacallll ll l thttttt ererererererapapapapapapapiiiieii s aannd d pppperioppppppperererererere ataaaaa ivvvvvvveeee ee e eeveevevenenenenenenentstttttt iiinnn n n n n lililillll mbmbmmb salalalalalallvavavavavavav gegegegegege sssssssururururururgegggggg ryryryryryryry::::: oboboboo seeervvvvvvatatatatatata ioioioioioioonsssssss fffffffrrrrorror mmm m tttthe 
PRPRPREVEVEVENENENTTT IIIIIIIIII mumumultltlticicicenenenteteterrr trtrtriaiaialll. JJJ VaVaVascscsc SSSurururggg. 2022020050505;4;4;42:2:2:454545666-4646464;4;4; dddisisiscucucussssssioioionnn 464646444-454545555.

 by guest on January 12, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.032361

21

14. Pereg D, Neuman Y, Elis A, Minha S, Mosseri M, Segev D, Lishner M and Hermoni D. 
Comparison of lipid control in patients with coronary versus peripheral artery disease following 
the first vascular intervention. Am J Cardiol. 2012;110:1266-1269.
15. Hira RS, Cowart JB, Akeroyd JM, Ramsey DJ, Pokharel Y, Nambi V, Jneid H, Deswal 
A, Denktas A, Taylor A, Nasir K, Ballantyne CM, Petersen LA and Virani SS. Risk Factor 
Optimization and Guideline-Directed Medical Therapy in US Veterans With Peripheral Arterial 
and Ischemic Cerebrovascular Disease Compared to Veterans With Coronary Heart Disease. Am 
J Cardiol. 2016;118:1144-1149.
16. Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH, 
Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM, McBride P, Schwartz JS, Shero ST, Smith 
SC, Watson K and Wilson PWF. 2013 ACC/AHA Guideline on the Treatment of Blood 
Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults: A Report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines. 
Circulation. 2014;129:S1-S45.
17. Collins R, Armitage J, Parish S, Sleight P and Peto R. Effects of cholesterol-lowering 
with simvastatin on stroke and other major vascular events in 20536 people with cerebrovascular 
disease or other high-risk conditions. Lancet. 2004;363:757-767.
18. Randomized trial of the effects of cholesterol-lowering with simvastatin on peripheral 
vascular and other major vascular outcomes in 20,536 people with peripheral arterial disease and 
other high-risk conditions. J Vasc Surg. 2007;45:645-654; discussion 653-654.
19. Tomson J and Lip GY. Peripheral arterial disease: a high risk - but neglected - disease 
population. BMC Cardiovasc Disord. 2005;5:15.
20. Wisman PP, Tangelder MJ, van Hattum ES, de Borst GJ and Moll FL. Young women 
with PAD are at high risk of cardiovascular complications. Eur J Vasc Endovasc Surg.
2012;43:441-445.
21. Van Hattum ES, Tangelder MJ, Lawson JA, Moll FL and Algra A. Long-term risk of 
vascular events after peripheral bypass surgery. A cohort study. Thromb Haemost.
2012;108:543-553.
22. Arya S, Binney Z, Khakharia A, Brewster LP, Wilson PWF and Goodney PP. Peripheral 
arterial disease (PAD) variability in diagnosis: The Veterans Affairs (VA) population experience
(abstract). Association of VA Surgeons 40th Annual Surgical Symposium. 2016.
23. Griffiths RI, O’Malley CD, Herbert RJ and Danese MD. Misclassification of incident 
conditions using claims data: impact of varying the period used to exclude pre-existing disease. 
BMC Med Res Methodol. 2013;13:32.
24. VA Pharmacy Benefits Management Services (PBM), Medical Advisory Panel (MAP) 
and VISN Pharmacist Executives (VPEs). Simvastatin 80 mg Guidance: Summary Reference 
Guide for Providers. June 2011, Updated December 2011. Accessed May 18, 2016.
https://www.pbm.va.gov/PBM/clinicalguidance/clinicalrecommendations.asp.
25. McGinnis KA, Brandt CA, Skanderson M, Justice AC, Shahrir S, Butt AA, Brown ST, 
Freiberg MS, Gibert CL, Goetz MB, Kim JW, Pisani MA, Rimland D, Rodriguez-Barradas MC, 
Sico JJ, Tindle HA and Crothers K. Validating smoking data from the Veteran's Affairs Health 
Factors dataset, an electronic data source. Nicotine Tob Res. 2011;13:1233-1239.
26. Rassen JA, Shelat AA, Franklin JM, Glynn RJ, Solomon DH and Schneeweiss S. 
Matching by propensity score in cohort studies with three treatment groups. Epidemiology.
2013;24:401-409.

18. Randomized trial of the effects of cholesterol lowering with simvastatin on pppppperee ipheral
vascular and other major vascular outcomes in 20,536 people with peripheral arteeeeeeririririririalalalalalal ddddddisisisisisiseaeaeaeaeaeasesesesesese anaaaana d
other high-risk conditions. J Vasc Surg. 2007;45:645-654; discussion 653-654.
19. Tomson J and Lip GY. Peripheral arterial disease: a high risk - but neglected - disease
population. BMC Cardiovasc Disord. 2005;5:15.
20. Wisman PP, Tangelder MJ, van Hattum ES, de Borst GJ and Moll FL. Young women 
withh PPPPPPADADADADADADAD aaaaaaarererererrere aaaaaaat hihihiggghg  risk of cardiovascular compliiications. Eur J JJ J VaVVV sccc EEEEndovasc Surg.
201212121212122;;;;4;4; 3:441-44444444444444 5.
21. Van Hattummmm EEES,S,S,S,SS,S, Tannnnnnggggeggg lder MMMMMMMJ, LLLawsooonnnn JAAA, MoMoMoMoMoMoll FLLL LLL aaaanaa dddd AAAlA graaa A.A.A.A.A..A. LLLLLLLLong-tetetetetetetermrmrrrmrmr rrrrrrriiiisii k offfffff 
vascscsccccuuuluuuu ar eventtttttsss ssss afaafafafaa tetteter peppepeeriphehehehehheh rrrarrrr l bypapppppp ssss sssurgeryyyryryy... AA A cccohohohohohohortrtrtrttrtrt sssssstututututt dddyd . ThThThThhrombmmbb HHHHHHaaaaeaaa most....
2012222222;1;1;1;1;1;1;1080808080808:55554343434343433-------5555555 3333.
222222. ArArAryayaya SSS, BiBiBinnnnnneyeyey ZZZ, KhKhKhakakakhahahariririaaa AAA, BBBrererewswswsteteterrr LPLPLP, WiWiWilslslsononon PPPWFWFWF aaandndnd GGGoooooodndndneyeyey PPPPPP. PPPerereripipipheheherararalll 

 by guest on January 12, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.032361

22

27. Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects of 
Confounding in Observational Studies. Multivariate Behav Res. 2011;46:399-424.
28. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM, Jr., Kastelein JJ, Koenig W, 
Libby P, Lorenzatti AJ, MacFadyen JG, Nordestgaard BG, Shepherd J, Willerson JT and Glynn 
RJ. Rosuvastatin to prevent vascular events in men and women with elevated C-reactive protein. 
N Engl J Med. 2008;359:2195-2207.
29. Cannon CP, Steinberg BA, Murphy SA, Mega JL and Braunwald E. Meta-Analysis of 
Cardiovascular Outcomes Trials Comparing Intensive Versus Moderate Statin Therapy. J Am 
Coll Cardiol. 2006;48:438-445.
30. Pedersen TR, Faergeman O, Kastelein JJ, Olsson AG, Tikkanen MJ, Holme I, Larsen 
ML, Bendiksen FS, Lindahl C, Szarek M and Tsai J. High-dose atorvastatin vs usual-dose 
simvastatin for secondary prevention after myocardial infarction: the IDEAL study: a 
randomized controlled trial. JAMA. 2005;294:2437-2445.
31. Cannon CP, Braunwald E, McCabe CH, Rader DJ, Rouleau JL, Belder R, Joyal SV, Hill
KA, Pfeffer MA and Skene AM. Intensive versus Moderate Lipid Lowering with Statins after 
Acute Coronary Syndromes. N Engl J Med. 2004;350:1495-1504.
32. Sillesen H, Amarenco P, Hennerici MG, Callahan A, Goldstein LB, Zivin J, Messig M 
and Welch KM. Atorvastatin reduces the risk of cardiovascular events in patients with carotid 
atherosclerosis: a secondary analysis of the Stroke Prevention by Aggressive Reduction in 
Cholesterol Levels (SPARCL) trial. Stroke. 2008;39:3297-3302.
33. Kadoglou NPE, Sailer N, Moumtzouoglou A, Kapelouzou A, Gerasimidis T and Liapis 
CD. Aggressive lipid-lowering is more effective than moderate lipid-lowering treatment in 
carotid plaque stabilization. J Vasc Surg. 2010;51:114-121.
34. Feringa HH, Karagiannis SE, van Waning VH, Boersma E, Schouten O, Bax JJ and 
Poldermans D. The effect of intensified lipid-lowering therapy on long-term prognosis in 
patients with peripheral arterial disease. J Vasc Surg. 2007;45:936-943.
35. Ramos R, García-Gil M, Comas-Cufí M, Quesada M, Marrugat J, Elosua R, Sala J, Grau 
M, Martí R, Ponjoan A, Alves-Cabratosa L, Blanch J and Bolíbar B. Statins for Prevention of 
Cardiovascular Events in a Low-Risk Population With Low Ankle Brachial Index. J Am Coll 
Cardiol. 2016;67:630-640.
36. Mohler ER, Hiatt WR and Creager MA. Cholesterol Reduction With Atorvastatin 
Improves Walking Distance in Patients With Peripheral Arterial Disease. Circulation.
2003;108:1481-1486.
37. Momsen AH, Jensen MB, Norager CB, Madsen MR, Vestersgaard-Andersen T and 
Lindholt JS. Drug therapy for improving walking distance in intermittent claudication: a 
systematic review and meta-analysis of robust randomised controlled studies. Eur J Vasc 
Endovasc Surg. 2009;38:463-474.
38. Kumbhani DJ, Steg PG, Cannon CP, Eagle KA, Smith SC, Goto S, Ohman EM, Elbez Y, 
Sritara P, Baumgartner I, Banerjee S, Creager MA and Bhatt DL. Statin therapy and long-term 
adverse limb outcomes in patients with peripheral artery disease: insights from the REACH 
registry. Eur Heart J. 2014;35:2864-2872.
39. Henke PK, Blackburn S, Proctor MC, Stevens J, Mukherjee D, Rajagopalin S, Upchurch 
GR, Jr., Stanley JC and Eagle KA. Patients undergoing infrainguinal bypass to treat 
atherosclerotic vascular disease are underprescribed cardioprotective medications: effect on graft 
patency, limb salvage, and mortality. J Vasc Surg. 2004;39:357-365.

and Welch KM. Atorvastatin reduces the risk of cardiovascular events in patients wittth carotid 
atherosclerosis: a secondary analysis of the Stroke Prevention by Aggressive Redddddducucucucucuctitititititionononononon iiiiiiinnnn nn 
Cholesterol Levels (SPARCL) trial. Stroke. 2008;39:3297-3302.
33. Kadoglou NPE, Sailer N, Moumtzouoglou A, Kapelouzou A, Gerasimidis T and Liapis 
CD. Aggressive lipid-lowering is more effective than moderate lipid-lowering treatment in 
carotid plppppp aqqqqqqque stabilization. J Vasc Surg. 2010;51:114-121.
34. FeFeFFeFeFeFeririririririingngngngngngnga a a a a aa HHHHH, Karagiannis SE, van Waning VVVH, Boersma EEEE,, Schohohoouten O, Bax JJ and 
Poldldlddddldeeeeeree mans DDDDD. ThThThThThThThe eeee efffffffefefefefectctctctctctct ooooof f ininininininntetetetetetensnsnsnsnsnsn ifififififi ied dd d lipid-lolololool weeerrringggggg ttttttthehehhheherarararararapypyppppp oooonnnn nn lolololongngngngng-tet rmmmmmmm ppppppprorororoooogngngngngngngnosisisiisis iiiiiin n n nn n n
pattititittit eeeene ts with periphpphpherrralalalallll artererererereriaiaiaiaiaial diseeeeeeaaaasaaa ee. J Vascc Surururg. 2220222 07;4;444445555:55 9336--94333.
35. Ramossssss RRRR,RRR GGGarcíccícíía-Giiiiiiil l M, Comaas---Cufí MMMMMM, QuQuQuesesesesesesesadadadadadadadaaaaa a M,MMMMM Maaaarrrrur gaaat J, EEEEEEElosua R,R,R,R,R,R,R,, SSSSaaaala J, GGGGrraau
M, MMMMMMMarararararara títítítítíttí RRRRRR,,,,,, PoPoPoPoPoPoPonjoaooaoan A,AAAA  Alvvvvvvesesesesesese ---CaCaCaCaCaCabrbrbrbrbrbrbraaaataa ososososososo a aaaaa a L,L,L,L,L,, BBBBBBBlalaaanccchhh J J JJJJ ananananananand BoBoBoBoBoBoB lílííííííbababbbbb rrrr rr BB.B.B.B.BB SSStaaatinnsnsnnsnsns ffffffforo PPPPPPPrerererererereveeeennnntion off 
CaCaCardrdrdioioiovavavascscsculululararar EEEveveventntntsss ininin aaa LLLowowow-RiRiRisksksk PPPopopopulululatatatioioionnn WiWiWiththth LLLowowow AnAnAnklklkleee BrBrBracacachihihialalal IIIndndndexexex. JJJ AmAmAm CCCololollll 

 by guest on January 12, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.032361

23

40. Abbruzzese TA, Havens J, Belkin M, Donaldson MC, Whittemore AD, Liao JK and 
Conte MS. Statin therapy is associated with improved patency of autogenous infrainguinal 
bypass grafts. J Vasc Surg. 2004;39:1178-1185.
41. Bonaca MP and Creager MA. Pharmacological Treatment and Current Management of 
Peripheral Artery Disease. Circ Res. 2015;116:1579-1598.
42. Youssef F, Seifalian AM, Jagroop IA, Myint F, Baker D, Mikhailidis DP and Hamilton 
G. The early effect of lipid-lowering treatment on carotid and femoral intima media thickness 
(IMT). Eur J Vasc Endovasc Surg. 2002;23:358-364.
43. van Wissen S, Smilde TJ, de Groot E, Hutten BA, Kastelein JJ and Stalenhoef AF. The 
significance of femoral intima-media thickness and plaque scoring in the Atorvastatin versus 
Simvastatin on Atherosclerosis Progression (ASAP) study. Eur J Cardiovasc Prev Rehabil.
2003;10:451-455.
44. Hirsch AT, Murphy TP, Lovell MB, Twillman G, Treat-Jacobson D, Harwood EM, 
Mohler ER, 3rd, Creager MA, Hobson RW, 2nd, Robertson RM, Howard WJ, Schroeder P and 
Criqui MH. Gaps in public knowledge of peripheral arterial disease: the first national PAD 
public awareness survey. Circulation. 2007;116:2086-2094.

 by guest on January 12, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


10.1161/CIRCULATIONAHA.117.032361

24

Table 1. Demographics and clinical data of full cohort and stratifications by exposure (Statin intensity 
at diagnosis of PAD) for N = 155,647 incident PAD diagnoses from 2003-2014.

All patients

Exposure groups*

No Statin, With 
Antiplatelet 
(AP only)

Low-
moderate 
intensity

High-intensity

PAD patients in study, No. 155,647 28,351 60,338 19,301
Age, Mean (SD), years 66.7 (9.9) 67.0 (10.6) 67.1 (9.7) 65.6 (8.2)
Sex, % Male 97.9 98.0 98.1 97.8
Race, %
White 82.6 81.1 84.2 82.5
Black 16.1 17.8 14.6 16.3
Other 1.3 1.2 1.3 1.3

Smoking, %
Current 29 48.9 28.8 29.4
Former 26.4 37.8 27.5 27.1
Never 8.8 13.3 8.9 8.6
Unknown 35.8 34.8 34.9

BMI, Mean (SD), kg/m2 28.6 (6.2) 27.4 (6.2) 28.6 (6.0) 29.8 (6.1)
Laboratory
Total Cholesterol, Mean (SD), mg/dL 168.6 (45.2) 172.5 (43.1) 169.6 (44.9) 169.5 (50.2)
LDL Cholesterol, Mean (SD), mg/dL 97.1 (36.3) 100.8 (34.1) 98.4 (36.7) 96.6 (39.9)
HDL Cholesterol, Mean (SD), mg/dL 40.6 (13.4) 42.0 (15.3) 40.5 (13.0) 39.9 (12.2)
HbA1c, Median (IQR), percent 6.5 (5.8-7.6) 6.2 (5.7-7.3) 6.5 (5.8-7.5) 6.7 (6.0-8.0)
Creatinine, Median (IQR), mg/dL 1.1 (0.9-1.4) 1.1 (0.9-1.3) 1.1 (0.9-1.4) 1.1 (0.9-1.4)

Comorbidities, %
Diabetes 45.5 36.1 46.7 56.7
Hypertension 84.2 78.7 86.6 90.0
CAD 46.3 31.2 47.5 66.8
CHF 16.4 12.8 16.8 21.8
COPD 8.5 8.6 8.6 8.6
AF 12.0 11.0 12.8 12.7
Carotid Disease 63.8 61.0 65.7 69.7
Depression 16.0 14.9 15.5 20.0
CKD or ESRD 7.4 7.0 7.2 6.9

Antiplatelet Therapy, %
None 20.7 0 17.2 9.7
Prasugrel <0.1 <0.1 <0.1 <0.1
Dipyridamole 0.9 0.9 1.0 0.8
Clopidogrel 4.1 5.2 4.3 3.9
Aspirin 74.4 93.9 77.6 85.7

Cilostazol, % 7.99 7.6 8.4 9.3
Median Household Income of 
Residential Zip Code, %
<=$25,000 3.3 3.9 3.1 2.8

Never 8.8 13.3 8.9 8.8.8.8...666666
Unknown 35.8 34.8 343434343434.9.9.9.9.9.99
MI, Mean (SD), kg/m2 28.6 (6.2) 27.4 (6.2) 28.6 (6.0) 29.8 (6.1)
aboratory
Total Cholesterol, Mean (SD), mg/dL 168.6 (45.2) 172.5 (43.1) 169.6 (44.9) 169.5 (50.2)
LDL ChChChChChChholololoololo esesesesesesstetetetetetet rororrororol, MMMMMMeeean (SD), mg/dL 97.1 (36.3) 100.8 (34.1) 988999 .4 (36.7) 96.6 (39.9)
HDDDDDDL LL L L L L CCCChCC olesterrrororoorol,llllll MMMMMMMean n nn nn (S(SSSSSD)D)D)DD)D)D , mgmgmgmgmgmgmg/d/d/d/d/d/ddLLLLLL 4040040400.6.  (13.44444))))) 42.0000000 ((((((1515155515.3.3.3.3.3. ) 40404444 .5 ((((((13131313131313 00.0.0000))))))) 393933939.9.9.9.9.99 ((((121212121212.2)
HbbbbbbA1AAAAAA c, Median (IQRQQRQR), pppppppeeerereree cenntntntntnt 66.555 (5.8-7.777.7.6) 6.222222 ((((5(( .7-7777.7.77 33)3333 66.5 (5(5(5(5(5(5(5.8-7.5)5)5)5)5)5)5) 6.6.....777777 (6.000000--88888.8 0)
Creaeaeaeaeaeattitttt nine, Medidididididiananananaaa (((IQR)RRRRR , mgggggg////d// L 11.111 (0.9-1.111.1.1 4) 1.111111 (0(0(0(0(0(00.9.99999---1.111111 333)3 1.1 (0(00000.9-1.4) 1..1 (0.9----111.4)
omooooooorbrbrbrbrbrbrbidiii ities,s,s,,,,, %%%%%%%
DiDiDiDi bababab teteteses 455454555.5.5 366636366.1.1 4646464 7.7.7 5656666 7.7.7
H t i 84 2 78 7 86 6 90 0
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$25,001-$40,000 27.6 28.8 27.2 26.5
$40,001-$75,000 59.4 58.3 59.9 60.9
$75,001+ 9.8 9.2 9.8 9.8

PAD severity, %
Not Specified 68.5 66.3 68.8 66.0
Claudication 20.2 19.9 20.3 23.0
Rest Pain 3.9 4.5 3.9 4.2
Ulceration/Gangrene 7.3 9.3 7.0 6.8

Abbreviations: PAD, Peripheral Artieral Disease; VHA, Veterans Health Administration; SD, standard 
deviation; IQR, interquartile range; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density 
lipoprotein; HbA1c, Hemoglobin A1c; CAD, coronary artery disease; CHF, congestive heart failure; COPD, 
chronic obstructive pulmonary disease; AF, atrial fibrillation; CKD, chronic kidney disease; ESRD, end stage 
renal disease; mg, milligram; dL, deciliter.
*p for comparisons across 3-level exposure categories <0.0001 except for sex, COPD, CKD (p>0.05)
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Table 2. Cox proportional hazard model results for effect of statin intensity on mortality and 
amputations comparing high intensity statin use and low-moderate intensity statin use to an 
active comparator group (use of antiplatelet medication but no statin) in incident peripheral 
arterial disease cohort (PAD); N=90,257.

Mortality HR (95% CI) Amputation HR (95% CI)
Unadjusted model*

Antiplatelet only- No statin Ref. Ref.
Low-Moderate intensity statin 0.92 (0.90 , 0.95) 0.79 (0.75 , 0.83)
High intensity statin 0.82 (0.79 , 0.85) 0.84 (0.78 , 0.90)

Adjusted model 1†

Antiplatelet only- No statin Ref. Ref.
Low-Moderate intensity statin 0.83 (0.81 , 0.85) 0.76 (0.72 , 0.80)
High intensity statin 0.70 (0.67 , 0.73) 0.61 (0.56 , 0.66)

Adjusted model 2‡

Antiplatelet only- No statin Ref. Ref.
Low-Moderate intensity statin 0.83 (0.81 , 0.86) 0.81 (0.75 , 0.86)
High intensity statin 0.74 (0.70 , 0.77) 0.67 (0.61 , 0.74)

Abbreviations: HR, hazard ratio; CI, confidence interval; CAD: coronary artery disease
*Model excludes subjects taking simvastatin 80 as that is not part of ACC/AHA 2013 lipid guidelines.
†Model 1 adjusted for age at cohort entry, PAD diagnosis year and CAD.
‡Model 2 adjusted for age at cohort entry, PAD diagnosis year race, sex, socio-economic status, body
mass index, comorbidities [Diabetes mellitus, hypertension, congestive heart failure, chronic obstructive
pulmonary disease, atrial fibrillation, carotid disease, depression, chronic kidney disease and end stage
renal disease], antiplatelet medications, cilostazol, PAD severity (not specified vs. claudication vs. rest
pain vs. ulceration/gangrene) and serum creatinine.
p-value for High vs. Low-Moderate statin use <0.001 in unadjusted, adjusted model 1, and fully adjusted
model 2.

Abbreviations: HR, hazard ratio; CI, confidence interval; CAD: coronary artery disease
Model excludes subjects taking simvastatin 80 as that is not part of ACC/AHA 2013 lipppppidiiidii gggggguiuiuiuiuiu dedededededed lilililililinenenenenenessssss......
Model 1 adjusted for age at cohort entry, PAD diagnosis year and CAD.
Model 2 adjusted for age at cohort entry, PAD diagnosis year race, sex, socio-economic status, body

mass index, comorbidities [Diabetes mellitus, hypertension, congestive heart failure, chronic obstructive
pulmonnnnararararararyyyyy y dididididididisesessss ase, aaaaaatrtttt ial fibrillation, carotid disease, dedededededepression, chronic kidnndnndndneye  disease and end stage
enallllll didididididisess ase]]]]]], ananananananntiplppplaaata elet medications, cilostazol, PAD DD severity (not sppppeeece ifieeeddd vs. claudication vs. rest

painnnnnnn vvvvvvvs. ulceratioioioioioionnnn/nn gaggaganggggrereeeeenenenenenenene)))))) annnnnnd d d d d d d sesesseseserurururururummmm mm crreeeatinineee.
p-vvavavvv llllull e for High vs.. LLLowwwww------MoM dedededededeerate staaaaatatitiitiiiin uuuse <0.00000001 iiinnn unnnnaaadaaa jujj sttedededededede , addddjujujuusteddd mmmodododododododeeeeele  1, annnnnndd d d d d d fuuuuf llllllyyyyy yy adjuststststststeedee
modedededededeel lllll 2.
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Table 3. Propensity score matched analysis results for effect of statin intensity on mortality and 
amputations in incident peripheral arterial disease cohort (PAD) in a 3 level analysis [high 
intensity statin, low-moderate intensity statin and an active comparator group (use of antiplatelet 
medication but no statin] and a 2 level analysis [High intensity statin vs low-moderate intensity 
statin use].

Mortality HR (95% CI) Amputation HR (95% CI)
3-level Propensity Score Matched Analysis (N= 30,780)
Propensity Score Matched Model, Crude
Antiplatelet only- No statin Ref. Ref.
Low-Moderate intensity statin 0.83 (0.79 , 0.88) 0.84 (0.75 , 0.93)
High intensity statin 0.72 (0.68 , 0.76) 0.69 (0.61 , 0.76)

Propensity Score Matched Model, Adjusted
Antiplatelet only- No statin Ref. Ref.
Low-Moderate intensity statin 0.80 (0.75 , 0.85) 0.80 (0.70 , 0.91)
High intensity statin 0.70 (0.66 , 0.75) 0.60 (0.52 , 0.69)

2-level propensity matched analysis (N=30,418)
Propensity Score Matched Model, Crude
Low-Moderate intensity statin Ref. Ref.
High intensity statin 0.86 (0.82 , 0.91) 0.82 (0.74 , 0.90)

Propensity Score Matched Model, Adjusted
Low-Moderate intensity statin Ref. Ref.
High intensity statin 0.85 (0.80 , 0.90) 0.78 (0.68 , 0.89)

HR: hazard ratio; CI: Confidence interval

Low-Moderate intensity statin Ref. Ref.
High intensity statin 0.86 (0.82 , 0.91) 0.82 (0.74 , 0.90))))))

Propensity Score Matched Model, Adjusted
Low-Moderate intensity statin Ref. Ref.
High intensity statin 0.85 (0.80 , 0.90) 0.78 (0.68 , 0.89)

HR: hazazazazazazardrdrdrdrdrd rrrrrrataaaaaa io; CICIIIII:::::: Confidence interval
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Figure Legends

Figure 1. Statin use in the cohort by intensity

(A) Percent of all incident PAD patients categorized by initiation of Statin therapy and intensity, 

within each 3-year time period

(B) Statin Use Categories Stratified by Presence of Non-PAD Statin Indications.

Abbreviations: CAS: Coronary Artery Stenosis; CAD: Coronary Artery Disease; PAD: 

Peripheral Arterial Disease.

Figure 2. Kaplan-Meier curves of (A) mortality and (B) amputation

N = 107,990 patients taking a low-moderate or high-dose statin or no statin and an antiplatelet 

medication. Subjects were censored on December 31, 2015.

Figure 3. Subgroup analysis – adjusted Hazard ratios (HR) for (A) mortality and (B) 

amputations, by age, gender, diabetes status, CAD status, and race.

Stratified Cox proportional hazards models for effect of statin intensity on mortality and 

amputations in PAD patients stratified by age, gender, diabetes status, CAD status, and race.

Abbreviations: DM: Diabetes Mellitus; CAD: Coronary Artery Disease.

Referent group is “None”: active comparator group on antiplatelet medications but no statins. 

HR for High Intensity statin shown as black triangles and low- moderate intensity statins as gray

squares.

Figure 2. Kaplan-Meier curves of (A) mortality and (B) amputation

N = 107,990 patients taking a low-moderate or high-dose statin or no statin and an antiplatelet 

medication. Subjects were censored on December 31, 2015.

Figugugugugugurerrrrrr  3. Subgbgbgbgbgbggrrrrorrr upuu aaaannnan lysisisisisisis ss – adjujjjjjj stteeed Hazzzzzzaaaarddd rararaaaaatitititititiosossosososos ((((((HRHRHHRHRH ) foooorrr r (A))) momommomomorrrtrrrr ality anananananana ddd d (B) 

amamampupuputatatatititionononsss, bbbyyy agagageee, gggenenendedederrr, dddiaiaiabebebetetetesss stststatatatususus, CACACADDD stststatatatususus, anananddd rararacecece.
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eTable1.	Statin	intensity	as	defined	by	the	2013	AHA/	ACC	lipid	guidelines	
	
High	Intensity	Statins	 Moderate	Intensity	Statins	 Low	Intensity	Statins	
Atorvastatin	40–80	mg	
Rosuvastatin	20	-40	mg	
	

Atorvastatin	10	-20	mg	
Rosuvastatin	5-10	mg	
Simvastatin	20–40	mg	
Pravastatin	40	-80	mg	
Lovastatin	40	mg	
Fluvastatin	XL	80	mg	
Fluvastatin	40	mg	bid	
Pitavastatin	2–4	mg	

Simvastatin	10	mg	
	Pravastatin	10–20	mg	
Lovastatin	20	mg		
Fluvastatin	20–40	mg	
Pitavastatin	1	mg	

	
	 	



 

eTable	2.	ICD-9	diagnosis	and	CPT	codes	used	to	define	comorbidities	and	amputations.	
Comorbid	
condition	

Codes	used	

Hypertension	 ICD9	diagnosis	codes:	401.0	-	406	
	

Coronary	
Artery	Disease	
(CAD)	

ICD9	diagnosis	codes:	410.0	or	414.9	
ICD9	ProcedureCode:36.xx	
	
	

Depression	 ICD9	diagnosis	codes:	
29383,2960,29621,29622,29623,29624,29625,29626,29630,29631,29632,2963
3,29634,29635,29636,3004,311	
	

Atrial	
Fibrillation	

ICD9	diagnosis	codes:		427.31	or	427.32	
	

Carotid	artery	
stenosis	

ICD9	diagnosis	codes:	433.00	-	433.91,433.1,	433.10,	433.3,	433.30,	433.11,	
433.31,	433.9	,433.90,	433.91,	435.8	,435.9,	784.94,	368.12,	434.91	,436	,342,	
	 		368.11,	368.44,	362.84,	435	,437,	443.21,	900.01,	781.4,	V12.54,	784.5	
,780.4,	780.2	,368.9,	781.3,	447.1,	447.9,	V72.81,v72.83,	v72.84,	362.xx	
	
ICD9	Procedure	Code:	00.63,38.12	
CPT	Code:	37215,37216,37217,0075T,35301	
	
	

Congestive	
Heart	Failure	
(CHF)	

ICD9	diagnosis	codes:		428.0	-	428.9	
	

Chronic	
Obstructive	
Pulmonary	
Disease	
(COPD)	

ICD9	diagnosis	codes:		490,491.0,	491.1,	491.2,	491.20,	491.21,	491.22,	491.8,	
491.9,	492.0,	492.8,	494,	494.0,	494.1,	496,	493.00,	493.01,	493.02,	
	 			493.10,	493.11,	493.12,	493.20,	493.21,	493.22,		
	 493.81,	493.82,	494.90,	493.90,	493.92	
	

Chronic	
Kidney	
Disease/End	
Stage	Renal	
Disease	
(CKD/ESRD)	

ICD9	diagnosis	codes:		403.01,	403.11,	403.91,	404.02,	404.03,	404.12,	404.12,	
404.13,	404.92,	404.93,585.5,585.6,	V45.11,	V45.12,	V56.0,	V56.1,	V56.2,	
V56.32,	V56.9,996.73		
	
ICD9	Procedure	Code:	38.95	
	

Amputation	 ICD9	Procedure	Code:		84.10,	84.12,	84.13,	84.14,	84.15,84.16,	84.17,	84.18,	
84.19	
CPT	Code:	27290,	27295,		27590,	27591,27592,27598,	27880,	27881,27882,	
27888,	27889,	28800,28805	

	



eTable	3.	Comparison	of	missing	and	non-missing	demographics	and	baseline	covariates.	
Stratified	by	no	vs.	any	missing	data,	and	observations	included	in	and	excluded	from	the	Cox	
proportional	hazards	models	due	to	missing	data.	

Variable	

All	

No	
Missing	
Data	

Any	
Missing	
Data*	

Included	
in	Cox	
models	
(missing	
nothing	
or	only	
HbA1c,	
smoking,	
and/or	
cholester

ol)	

Ex	cluded	
from	Cox	
models	
(missing	
somethin
g	other	
than	

HbA1c,	
smoking,	
and/or	
cholester

ol)	†	
PAD	patients	in	study,	No.	 155,647	 48,557	 107,090	 129,157	 26,490	

Age,	Mean	(SD),	years	
66.66	
(9.85)	

65.68	
(9.09	

67.11	
(10.14)	

66.41	
(9.74)	

67.89	
(10.27)	

Sex,	%	Male	 97.92	 98.07	 97.85	 97.93	 97.88	
Race,	%	 		 		 		 		 		
		White	 82.6	 82.01	 82.9	 82.53	 83.21	
		Black	 16.14	 16.57	 15.92	 16.24	 15.25	
		Other	 1.26	 1.41	 1.18	 1.23	 1.55	
Smoking,	%	 		 		 		 		 		
		Current	 45.17	 39.78	 42.08	 45.21	 44.98	
		Former	 41.1	 45.48	 43.4	 41.31	 39.96	
		Never	 13.73	 14.74	 14.52	 13.48	 15.06	

BMI,	Mean	(SD),	kg/m2	
28.61	
(6.19)	

29.59	
(6.36)	

28.12	
(6.05)	

28.64	
(6.20)	

28.38	
(6.11)	

Laboratory	 		 		 		 		 		
		Total	Cholsterol,	Mean	(SD),	
mg/dL	

168.55	
(45.22)	

165.13	
(45.67)	

170.36	
(44.87)	

168.52	
(45.38)	

168.71	
(44.30)	

		LDL	Cholesterol,	Mean	(SD),	
mg/dL	

97.05	
(36.28)	

93.78	
(36.18)	

98.84	
(36.21)	

97.01	
(36.36)	

97.31	
(35.88)	

		HDL	Cholesterol,	Mean	(SD),	
mg/dL	

40.63	
(13.42)	

39.35	
(12.82)	

41.32	
(13.69)	

40.56	
(13.40)	

41.02	
(13.51)	

		HbA1c,	Median	(IQR),	percent	

6.50	
(5.80-
7.60)	

6.40	
(5.80-
7.60)	

6.50	
(5.90-
7.60)	

6.50	
(5.80-
7.60)	

6.50	
(5.80-
7.60)	

		Creatinine,	Median	(IQR),	
mg/dL	

1.10	
(0.90-
1.40)	

1.10	
(0.90-
1.40)	

1.10	
(0.90-
1.40)	

1.10	
(0.90-
1.40)	

1.10	
(0.90-
1.40)	

Comorbidities,	%	 		 		 		 		 		



 

		Diabetes	 45.52	 66.86	 35.84	 46.1	 42.68	
		Hypertension	 84.22	 88.87	 82.11	 85.02	 80.28	
		CAD	 46.25	 52.03	 43.63	 47.1	 42.13	
		CHF	 16.4	 20.32	 14.62	 16.87	 14.12	
		COPD	 8.53	 8.94	 8.35	 8.82	 7.09	
		AF	 12.01	 13.01	 11.56	 12.26	 10.8	
		Carotid	Disease	 63.79	 68..82	 61.51	 65.07	 57.55	
		Depression	 15.99	 18.57	 14.83	 16.52	 13.41	
		CKD	or	ESRD	 7.37	 9.18	 6.54	 7.6	 6.25	
Antiplatelet	Therapy,	%	 		 		 		 		 		
		None	 20.65	 16.16	 22.68	 19.64	 25.56	
		Prasugrel	 0.02	 0.01	 0.03	 0.02	 0.02	
		Dipyridamole	 0.86	 0.89	 0.85	 0.85	 0.94	
		Clopidogrel	 4.07	 3.78	 4.2	 4	 4.42	
		Aspirin	 74.4	 79.16	 72.23	 75.49	 69.06	
Cilostazol,	%	 7.99	 8.43	 7.79	 8.06	 7.67	
Median	Household	Income	of	
Residential	Zip	Code,	%	 		 		 		 		 		
		<=$25,000	 3.29	 3.29	 3.29	 3.31	 3.17	
		$25,001-$40,000	 27.56	 27.35	 27.66	 27.68	 26.89	
		$40,001-$75,000	 59.36	 59.68	 59.21	 59.27	 59.87	
		$75,001+	 9.79	 9.69	 9.84	 9.74	 10.06	
PAD	severity,	%	 		 		 		 		 		
Not	Specified	 68.54	 66.93	 69.26	 68.39	 69.25	
Claudication	 20.2	 19.56	 20.49	 20.1	 20.66	
Rest	Pain	 3.94	 4.36	 3.75	 4.05	 3.42	
Ulceration/Gangrene	 7.32	 9.14	 6.5	 7.46	 6.66	

Diagnosis	Year,	%	 		 		 		 		 		
2003	 9.3	 5.98	 10.81	 8.84	 11.59	
2004	 8.47	 6.46	 9.38	 8.26	 9.49	
2005	 8.32	 7.06	 8.89	 8.3	 8.42	
2006	 8.5	 7.73	 8.85	 8.41	 8.95	
2007	 8.25	 8.51	 8.13	 8.23	 8.33	
2008	 8.81	 9.5	 8.5	 8.92	 8.3	
2009	 9.11	 9.96	 8.73	 9.23	 8.52	
2010	 9.11	 10.17	 8.63	 9.29	 8.24	
2011	 8.77	 10.2	 8.13	 8.88	 8.25	
2012	 7.99	 9.34	 7.37	 8.09	 7.47	
2013	 7.86	 8.99	 7.34	 7.95	 7.42	
2014	 5.51	 6.09	 5.25	 5.61	 5.01	

Statins,	%	 		 		 		 		 		



 

		No		 27.95	 20.51	 31.33	 26.89	 33.13	
		Low	 3.21	 3.2	 3.21	 3.18	 3.37	
		Medium	 35.56	 37.35	 34.74	 35.96	 33.59	
		High	 12.4	 16.35	 10.61	 12.84	 10.25	
		Simvastatin	80	 20.88	 22.6	 20.11	 21.13	 19.67	
Mortality,	%	 40.66	 38.28	 41.74	 39.7	 45.35	
Amputation,	%	 6.95	 9.13	 5.97	 7.24	 5.57	
	
Abbreviations:	PAD,	Peripheral	Artieral	Disease;	VHA,	Veterans	Health	Administration;	SD,	
standard	deviation;	IQR,	interquartile	range;	BMI,	body	mass	index;	LDL,	low-density	
lipoprotein;	HDL,	high-density	lipoprotein;	HbA1c,	Hemoglobin	A1c;	CAD,	coronary	artery	
disease;	CHF,	congestive	heart	failure;	COPD,	chronic	obstructive	pulmonary	disease;	AF,	atrial	
fibrillation;	CKD,	chronic	kidney	disease;	ESRD,	end	stage	renal	disease;	mg,	milligram;	dL,	
deciliter.	
*p	for	no	vs.	any	missing	data		<0.001	for	all	variables	except	sex	(p=0.0046)	and	median	
household	income	(p=0.3660)	
†p	for	included	vs.	excluded	in	Cox	model		<0.001	for	all	variables	except	cilostazol	and	income	
(p=0.03);	and	sex,	total	cholesterol,	LDL	cholesterol,	HbA1c,	creatinine,	(all	p>0.05)	 	



 

eTable	4.	Demographics	and	clinical	data	of	matched	Antiplatelet	-	No	statin	(AP	only)	to	Low-
moderate	intensity	statin	to	High	intensity	statin	trios	(3	level	propensity	matched	analysis).	

Variable	

		
Antiplatel
et-	No	

statin	(AP	
only)	

	

Low-
Moderate	
Intensity	
Statin	

High	
Intensity	
Statin	

Standardized	Difference	
AP	only	
vs.	
Low-
Moder
ate	

Low-
Moder
ate	vs.	
High	

High	
vs.	
AP	
only	

PAD	patients	in	study,	No.	 10,260	 10,260	 10,260	 		 		 		

Age,	Mean	(SD),	years	
66.12	
(9.83)	

65.65	
(9.23)	

65.86	
(8.44)	 -0.05	 -0.02	 -0.03	

Sex,	%	Male	 97.71	 97.8	 97.68	 -0.01	 0.01	 0.00	
Race,	%a	 		 		 		 		 		 		
		White	 82.47	 81.49	 81.84	 0.03	 -0.01	 -0.02	
		Black	 16.14	 17.19	 16.83	 		 		 		
		Other	 1.39	 1.32	 1.33	 		 		 		
Smoking,	%*	 		 		 		 		 		 		
		Current	 29.53	 30.88	 31.06	 -0.03	 0.00	 0.03	
		Former	 26.21	 26.01	 25.89	 		 		 		
		Never	 8.92	 8.54	 8.55	 		 		 		
		Missing	 35.34	 34.57	 34.5	 		 		 		

BMI,	Mean	(SD),	kg/m2	
29.07	
(6.70)	

28.86	
(6.18)	

29.02	
(5.69)	 -0.03	 -0.03	 -0.01	

		Creatinine,	Median	
(IQR),	mg/dL	

1.08	(0.90-
1.36)	

1.10	(0.90-
1.39)	

1.10	(0.90-
1.40)	 -0.01	 -0.01	 0.00	

Comorbidities,	%	 		 		 		 		 		 		
		Diabetes	 49.77	 49.28	 50.55	 0.01	 -0.03	 0.02	
		Hypertension	 87.26	 87.7	 87.53	 -0.01	 0.01	 0.01	
		CAD	 52.83	 54.04	 53.36	 -0.02	 0.01	 0.01	
		CHF	 17.53	 18.89	 18.27	 -0.04	 0.02	 0.02	
		COPD	 8.66	 9.17	 8.86	 -0.02	 0.01	 0.01	
		AF	 12.52	 12.63	 12.94	 0.00	 -0.01	 0.01	
		Carotid	Disease	 67.85	 68.35	 67.39	 -0.01	 0.02	 -0.01	
		Depression	 18.56	 18.85	 18.01	 -0.01	 0.02	 -0.01	
		CKD	or	ESRD	 7.64	 7.18	 7.57	 0.02	 -0.01	 0.00	
Cilostazol,	%	 8.72	 8.75	 8.6	 0.00	 0.01	 0.00	
Median	Household	
Income	of	Residential	Zip	
Code,	%*	 		 		 		 		 		 		
		<=$25,000	 3.02	 3.6	 3.11	 		 		 		
		$25,001-$40,000	 27.42	 27.47	 27.19	 		 		 		
		$40,001-$75,000	 59.99	 59.89	 60.04	 0.00	 0.00	 0.00	



 

		$75,001+	 9.57	 9.04	 9.66	 		 		 		
PAD	severity,	%*	 		 		 		 		 		 		
Not	Specified	 66.9	 66.15	 66.3	 		 		 		
Claudication	 21.18	 21.87	 21.52	 -0.02	 0.01	 0.01	
Rest	Pain	 4.29	 4.05	 4.37	 		 		 		
Ulceration/Gangrene	 7.63	 7.92	 7.82	 		 		 		

Diagnosis	Year,	%*	 		 		 		 		 		 		
2003	 3.62	 3.27	 3.39	 		 		 		
2004	 3.73	 3.88	 4.44	 		 		 		
2005	 4.27	 4.53	 4.62	 		 		 		
2006	 5.57	 5.4	 4.93	 		 		 		
2007	 6.01	 6.04	 5.2	 		 		 		
2008	 7.39	 7.62	 8.37	 		 		 		
2009	 9.27	 9.7	 10.14	 		 		 		
2010	 10.44	 10.97	 10.48	 		 		 		
2011	 11.8	 13.08	 11.48	 		 		 		
2012	 13.33	 12.84	 12.11	 		 		 		
2013	 13.9	 13.83	 13.96	 		 		 		
2014	 10.67	 8.83	 10.88	 0.06	 -0.07	 0.01	

	
Abbreviations:	PAD,	Peripheral	Arterial	Disease;	VHA,	Veterans	Health	Administration;	SD,	
standard	deviation;	IQR,	interquartile	range;	BMI,	body	mass	index;	LDL,	low-density	
lipoprotein;	HDL,	high-density	lipoprotein;	HbA1c,	Hemoglobin	A1c;	CAD,	coronary	artery	
disease;	CHF,	congestive	heart	failure;	COPD,	chronic	obstructive	pulmonary	disease;	AF,	atrial	
fibrillation;	CKD,	chronic	kidney	disease;	ESRD,	end	stage	renal	disease;	mg,	milligram;	dL,	
deciliter.	
*All	categorical	variables	with	3+	levels	were	dichotomized	for	calculation	of	standard	
differences.	The	line	on	which	the	difference	appears	indicates	the	first	level,	while	all	others	
indicate	the	second.	
	
	
	 	



 

eTable	5.	Demographics	and	clinical	data	of	matched	High	intensity	statin	to	Low-moderate	
intensity	statin	pairs	(2	level	propensity	matched	analysis).	

Variable	 Low-Moderate	
Intensity	Statin	

High	Intensity	
Statin	

Std.	
	Difference	

PAD	patients	in	study,	No.	 15,209	 15,209	 		
Age,	Mean	(SD),	years	 65.60	(8.93)	 65.66	(8.17)	 0.01	
Sex,	%	Male	 97.68	 97.76	 0.01	
Race,	%*	 		 		 		
		White	 82.37	 82.58	 0.01	
		Black	 16.37	 16.11	 		
		Other	 1.26	 1.32	 		
Smoking,	%*	 		 		 		
		Current	 29.29	 29.78	 0.01	
		Former	 27.37	 27.36	 		
		Never	 8.74	 8.72	 		
		Missing	 34.6	 34.14	 		
BMI,	Mean	(SD),	kg/m2	 29.72	(6.51)	 29.62	(5.97)	 -0.02	
Creatinine,	Median	(IQR),	mg/dL	 1.10	(0.90-1.40)	 1.10	(0.90-1.40)	 -0.01	
Comorbidities,	%	 		 		 		
		Diabetes	 56.09	 55.61	 -0.01	
		Hypertension	 90.03	 89.94	 0.00	
		CAD	 64.73	 64.52	 0.00	
		CHF	 21.29	 21.45	 0.00	
		COPD	 8.98	 8.84	 0.00	
		AF	 13.18	 13.23	 0.00	
		Carotid	Disease	 70.12	 70.2	 0.00	
		Depression	 19.84	 19.84	 0.00	
		CKD	or	ESRD	 7.38	 7.19	 -0.01	
Antiplatelet	Therapy,	%*	 		 		 		
		None	 11.17	 10.05	 -0.04	
		Prasugrel	 0.03	 0.03	 		
		Dipyridamole	 0.84	 0.83	 		
		Clopidogrel	 4.47	 3.59	 		
		Aspirin	 83.5	 85.51	 		
Cilostazol,	%	 8.88	 9.07	 0.01	
Median	Household	Income	of	
Residential	Zip	Code,	%*	 		 		 		
		<=$25,000	 2.79	 2.84	 		
		$25,001-$40,000	 26.87	 26.83	 		
		$40,001-$75,000	 60.58	 60.56	 0.00	
		$75,001+	 9.76	 9.77	 		
PAD	severity,	%*	 		 		 		



 

Not	Specified	 66.68	 66.27	 		
Claudication	 21.91	 22.27	 0.01	
Rest	Pain	 4.23	 4.25	 		
Ulceration/Gangrene	 7.17	 7.21	 		

Diagnosis	Year,	%*	 		 		 		
2003	 2.11	 2.29	 		
2004	 2.7	 3	 		
2005	 3.19	 3.2	 		
2006	 3.58	 3.54	 		
2007	 4.44	 4.02	 		
2008	 6.22	 7.04	 		
2009	 8.3	 9.19	 		
2010	 11.23	 10.2	 		
2011	 14.74	 12.44	 		
2012	 15.85	 14.33	 		
2013	 16.31	 16.78	 		
2014	 11.32	 13.96	 0.08	

	
Abbreviations:	PAD,	Peripheral	Arterial	Disease;	VHA,	Veterans	Health	Administration;	SD,	
standard	deviation;	IQR,	interquartile	range;	BMI,	body	mass	index;	LDL,	low-density	
lipoprotein;	HDL,	high-density	lipoprotein;	HbA1c,	Hemoglobin	A1c;	CAD,	coronary	artery	
disease;	CHF,	congestive	heart	failure;	COPD,	chronic	obstructive	pulmonary	disease;	AF,	atrial	
fibrillation;	CKD,	chronic	kidney	disease;	ESRD,	end	stage	renal	disease;	mg,	milligram;	dL,	
deciliter,	Std:	standardized.	
*All	categorical	variables	with	3+	levels	were	dichotomized	for	calculation	of	standard	
differences.	The	line	on	which	the	difference	appears	indicates	the	first	level,	while	all	others	
indicate	the	second.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



 

eTable	6.	Primary	model:	Full	results	of	Cox	proportional	hazard	model	for	effect	of	statin	
intensity	on	mortality	and	amputations	comparing	high	intensity	statin	use	and	low-moderate	
intensity	statin	use	to	an	active	comparator	group	(use	of	antiplatelet	medication	but	no	statin)	
in	incident	peripheral	arterial	disease	cohort	(PAD)	[N=90,257]*.	
Variable	 Death	 Amputation	

HR	(95%	CI)	 HR	(95%	CI)	
Statins	(Ref.	=	Antiplatelet	only,	No	statin)	 	 	
			Low-Moderate	Intensity	 0.83	(0.81	,	0.86)	 0.81	(0.75	,	0.86)	
			High	Intensity	 0.74	(0.70	,	0.77)	 0.67	(0.61	,	0.74)	
Age	(1-year	increase)	 1.05	(1.05	,	1.05)	 0.98	(0.97	,	0.98)	
Sex	(Ref.	=	Male)	 0.85	(0.76	,	0.95)	 0.45	(0.33	,	0.60)	
Race	(Ref.	=	White)	 	 	
		Black	 0.86	(0.82	,	0.89)	 1.43	(1.33	,	1.54)	
		Other	 0.91	(0.81	,	1.03)	 1.19	(0.93	,	1.53)	
Smoking	(Ref.	=	Never)	 	 	
		Current	 1.31	(1.26	,	1.37)	 0.95	(0.86	,	1.04)	
		Former	 1.05	(1.01	,	1.09)	 0.91	(0.83	,	0.99)	
		Unknown	 0.97	(0.97	,	0.97)	 0.97	(0.96	,	0.97)	
BMI	(1	kg/m2	increase)	 1.11	(1.09	,	1.12)	 1.02	(0.99	,	1.04)	
Creatinine	(1	mg/dL	increase)	 1.37	(1.33	,	1.40)	 2.45	(2.28	,	2.63)	
Comorbidities	(Ref.	=	No)	 	 	
		Diabetes	 1.13	(1.09	,	1.18)	 1.30	(1.17	,	1.44)	
		Hypertension	 1.21	(1.18	,	1.25)	 1.04	(0.98	,	1.11)	
		CAD	 1.88	(1.82	,	1.95)	 1.45	(1.34	,	1.56)	
		CHF	 1.36	(1.30	,	1.41)	 0.90	(0.80	,	1.01)	
		COPD	 1.39	(1.34	,	1.44)	 1.13	(1.03	,	1.24)	
		AF	 1.11	(1.07	,	1.14)	 1.21	(1.13	,	1.30)	
		Carotid	Disease	 1.18	(1.14	,	1.23)	 1.10	(1.02	,	1.18)	
		Depression	 1.49	(1.41	,	1.58)	 1.56	(1.39	,	1.76)	
		CKD	or	ESRD	 0.93	(0.89	,	0.99)	 0.77	(0.67	,	0.88)	
Cilostazol	(Ref.	No)	 1.11	(1.06	,	1.17)	 1.08	(0.96	,	1.22)	
Income	(Household)	Quartile	of	Residential	Zip	
Code	(Ref.	=	$75,001+)	

	 	

		<=$25,000	 1.07	(1.02	,	1.12)	 1.02	(0.91	,	1.13)	
		$25,001-$40,000	 1.34	(1.23	,	1.45)	 1.19	(1.00	,	1.41)	
		$40,001-$75,000	 1.02	(0.98	,	1.06)	 1.36	(1.22	,	1.50)	
PAD	Severity	(Ref.	=	Claudication)	 	 	
Not	Specified	 1.12	(1.04	,	1.20)	 2.37	(2.02	,	2.77)	
Rest	Pain	 1.69	(1.60	,	1.78)	 9.45	(8.49	,	10.53)	
Ulceration/Gangrene	 1.03	(1.03	,	1.04)	 1.08	(1.07	,	1.09)	
Diagnosis	Year	(1-Year	increase)	 1.67	(0.45	,	6.17)	 1.29	(0.10	,	15.94)	
	



 

Abbreviations:	PAD,	Peripheral	Artieral	Disease;	VHA,	Veterans	Health	Administration;	SD,	
standard	deviation;	IQR,	interquartile	range;	BMI,	body	mass	index;	HbA1c,	Hemoglobin	A1c;	
CAD,	coronary	artery	disease;	CHF,	congestive	heart	failure;	COPD,	chronic	obstructive	
pulmonary	disease;	AF,	atrial	fibrillation;	CKD,	chronic	kidney	disease;	ESRD,	end	stage	renal	
disease;	mg,	milligram;	dL,	deciliter.	
*p	for	High	vs.	Low-Moderate	statin	use	<0.001	
	 	



 

eTable	7.	Sensitivity	analysis:	Full	results	of	Cox	proportional	hazards	model	for	effect	of	statin	
intensity	on	death	and	amputations	in	incident	PAD	patients	comparing	high	intensity	statin	
use,	low-moderate	intensity	statin	use	and	simvastatin	80mg	user	patients	to	an	active	
comparator	group	(use	of	antiplatelet	medication	but	no	statin)	in	incident	peripheral	arterial	
disease	cohort	(PAD)	[N=117,151].	
Variable	 Death	 Amputation	

HR	(95%	CI)	 HR	(95%	CI)	
Statins	(Ref.	=	Antiplatelet	only-	No	statin)	 	 	
Low-Moderate	 0.84	(0.82	,	0.86)	 0.80	(0.76	,	0.85)	
High	 0.74	(0.71	,	0.76)	 0.68	(0.62	,	0.73)	
Simvastatin	80	mg	 0.84	(0.82	,	0.87)	 0.78	(0.73	,	0.83)	
Age	(1-year	increase)	 1.05	(1.05	,	1.05)	 0.97	(0.97	,	0.98)	
Sex	(Ref.	=	Male)	 0.85	(0.78	,	0.92)	 0.48	(0.39	,	0.59)	
Race	(Ref.	=	White)	 	 	
		Black	 0.85	(0.82	,	0.87)	 1.40	(1.33	,	1.48)	
		Other	 0.87	(0.80	,	0.95)	 1.11	(0.92	,	1.32)	
Smoking	(Ref.	=	Never)	 	 	
		Current	 1.29	(1.25	,	1.34)	 0.92	(0.85	,	1.00)	
		Former	 1.05	(1.01	,	1.09)	 0.90	(0.84	,	0.97)	
		Unknown	 1.14	(1.10	,	1.18)	 0.89	(0.83	,	0.96)	
BMI	(1	kg/m2	increase)	 0.97	(0.97	,	0.97)	 0.96	(0.96	,	0.97)	
Creatinine	(1	mg/dL	increase)	 1.10	(1.09	,	1.11)	 1.02	(1.00	,	1.03)	
Comorbidities	(Ref.	=	No)	 	 	
		Diabetes	 1.37	(1.34	,	1.40)	 2.58	(2.45	,	2.72)	
		Hypertension	 1.11	(1.08	,	1.14)	 1.26	(1.17	,	1.36)	
		CAD	 1.17	(1.15	,	1.20)	 1.02	(0.98	,	1.07)	
		CHF	 1.90	(1.85	,	1.94)	 1.51	(1.43	,	1.60)	
		COPD	 1.35	(1.31	,	1.39)	 0.91	(0.84	,	0.99)	
		AF	 1.42	(1.38	,	1.45)	 1.23	(1.15	,	1.31)	
		Carotid	Disease	 1.08	(1.06	,	1.10)	 1.19	(1.13	,	1.25)	
		Depression	 1.17	(1.14	,	1.20)	 1.11	(1.05	,	1.17)	
		CKD	or	ESRD	 1.51	(1.46	,	1.57)	 1.61	(1.48	,	1.75)	
Cilostazol	(Ref.	No)	 0.92	(0.88	,	0.95)	 0.73	(0.66	,	0.81)	
Income	(Household)	Quartile	of	Residential	Zip	
Code	(Ref.	=	$75,001+)	

	 	

		<=$25,000	 1.16	(1.12	,	1.20)	 1.12	(1.03	,	1.22)	
		$25,001-$40,000	 1.08	(1.05	,	1.12)	 1.03	(0.95	,	1.12)	
		$40,001-$75,000	 1.33	(1.25	,	1.41)	 1.13	(0.99	,	1.28)	
PAD	Severity	(Ref.	=	Claudication)	 	 	
Not	Specified	 1.01	(0.98	,	1.04)	 1.27	(1.18	,	1.36)	
Rest	Pain	 1.16	(1.10	,	1.23)	 2.39	(2.12	,	2.68)	
Ulceration/Gangrene	 1.71	(1.65	,	1.78)	 9.17	(8.49	,	9.90)	



 

Diagnosis	Year	(1-Year	increase)	 1.03	(1.03	,	1.03)	 1.07	(1.07	,	1.08)	
	
Abbreviations:	VHA,	Veterans	Health	Administration;	SD,	standard	deviation;	IQR,	interquartile	
range;	BMI,	body	mass	index;	LDL,	low-density	lipoprotein;	HDL,	high-density	lipoprotein;	
HbA1c,	Hemoglobin	A1c;	CAD,	coronary	artery	disease;	CHF,	congestive	heart	failure;	COPD,	
chronic	obstructive	pulmonary	disease;	AF,	atrial	fibrillation;	CKD,	chronic	kidney	disease;	ESRD,	
end	stage	renal	disease;	mg,	milligram;	dL,	decilitre	


