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Background: Current guidelines recommend aspirin, statins, angiotensin-converting enzyme 

inhibitors (ACEIs), and smoking abstinence for all patients with vascular disease. There is little 

data on the variation in adherence to guideline-recommended therapies among patients with 

different clinical manifestations of vascular disease.

Purpose: To analyze the variation in adherence to guideline-recommended therapies among 

patients with diverse manifestations of vascular disease.

Methods: We analyzed a comprehensive database of all patients with critical limb ischemia, 

claudication, acute limb ischemia, carotid artery stenosis, subclavian artery stenosis, renal 

artery stenosis, or mesenteric ischemia who underwent angiography between 2006 and 2013 

at a multidisciplinary vascular center.

Results: Among 1,114 patients with vascular disease, adherence to guideline-recommended 

therapy at time of angiography included use of aspirin in 936 (84%), statins in 753 (68%), ACEIs 

in 673 (60%), and smoking abstinence in 788 (71%). A total of 335 (30%) patients utilized all 

four guideline-recommended therapies. Adherence to four guideline-recommended therapies 

was lowest among patients with acute limb ischemia (14%) and highest among patients with 

renal artery stenosis (37%). Among all patients with vascular disease, the range of adherence 

to individual guidelines was 64%–91% for aspirin, 43%–83% for statins, 49%–66% for ACEIs, 

and 47%–78% for smoking abstention.

Conclusion: The majority of patients with diverse manifestations of vascular disease take aspirin 

and abstain from smoking while fewer patients are prescribed ACEIs and statins. Among the 

current recommendations, statins have the widest variation in adherence. Less than one-third 

of patients with diverse manifestations of vascular disease are prescribed all four guideline-

recommended therapies.
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Introduction
Patients with vascular disease have an increased risk for cardiovascular ischemic 

events, including myocardial infarction (MI), stroke, and death.1–5 Multiple studies 

have indicated that patients with vascular disease have the same or higher risk of 

long-term mortality as patients with coronary artery disease (CAD).6,7 Furthermore, 

an economic analysis of data from the Reduction of Atherothrombosis for Continued 

Health (REACH) registry demonstrated that symptomatic peripheral artery disease 

(PAD) was associated with greater vascular-related hospitalization rates and associated 

costs than CAD.8 Current treatment guidelines established by the American College of 

Cardiology (ACC) and the American Heart Association (AHA) recommend aspirin, 

statin medications, angiotensin-converting enzyme (ACE) inhibitors, and smoking 
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abstinence, as each of these interventions has been shown 

to reduce major adverse cardiovascular events in patients 

with vascular disease.9–11 Multiple studies have consistently 

shown that millions of patients with lower extremity PAD 

are undertreated.12–15 There is little data, however, regarding 

the variation in adherence to guideline-recommended thera-

pies among patients with different clinical manifestations of 

vascular disease, including mesenteric ischemia and renal, 

carotid, or subclavian artery stenoses. An analysis of rates 

of adherence to guideline-recommended therapies among 

patients with diverse manifestations of vascular disease may 

shed light on the variation in treatment for specific subgroups 

within this high-risk patient population and highlight poten-

tial opportunities to address disparities in patient care.

Our study objective was to assess the patterns of adher-

ence to guideline-recommended therapies (aspirin, statin 

medications, ACE inhibitors, and smoking abstinence) 

among patients with different clinical manifestations of 

vascular disease and identify the specific guidelines that were 

least utilized among each patient subgroup. Because statin 

medications had the widest variation in usage, we also stud-

ied the differences in cholesterol levels among these patient 

subgroups. Suboptimal adherence to guidelines among indi-

viduals with vascular disease may contribute to high rates of 

preventable cardiovascular morbidity and mortality.

Methods
study design and data sources
This study utilized data from the University of California, 

Davis, PAD and Carotid Disease Registry, which comprises 

all patients with a clinical diagnosis of PAD or carotid disease 

who underwent diagnostic angiography and/or therapeutic 

endovascular intervention at the University of California, Davis, 

Medical Center between June 1, 2006 and May 1, 2013.16 At the 

time of data extraction, the registry included 1,114 patients. The 

study protocol was approved by the Institutional Review Board 

at the University of California, Davis Medical Center.

study population and data collection
All patients in the registry had vascular disease defined by criti-

cal limb ischemia (CLI), acute limb ischemia (ALI), claudica-

tion, mesenteric ischemia, and/or carotid artery, renal artery, or 

subclavian artery stenosis. The patient population consisted of 

individuals living primarily in Northern California or Nevada. 

All patients underwent diagnostic angiography or endovascular 

intervention at the UC Davis Medical Center.

Data collection for the registry was based on detailed 

electronic medical records and angiographic review. 

Baseline demographic, clinical, laboratory, and procedural 

data were obtained through preprocedure clinical notes, admis-

sion history, and in-patient documentation. Comorbidities 

that may affect physician prescribing, including patient 

history of MI, stroke, CAD, and major bleeding, were also 

recorded. Medical prescribing patterns were verified by phar-

macy prescriptions both preprocedure and during follow-up. 

All records were reviewed by trained chart abstractors and 

verified by a board-certified cardiologist.

Data definitions
The ACC/AHA guidelines have designated aspirin, statin 

medications, and smoking abstention as class I recommen-

dations; ACE inhibitors are a class IIa recommendation for 

treatment of patients with vascular disease.9,11,17 Each patient’s 

utilization of these four guideline-recommended therapies 

within 3 months preprocedure was assessed. Patients were 

categorized as adherent to a guideline-recommended therapy 

if their medication list and preprocedural clinic visit notes 

included: 1) aspirin; 2) statin medications; 3) ACE inhibitors 

or angiotensin receptor blockers; or 4) smoking abstinence. 

This definition of adherence therefore reflects a combination 

of both physician decision to prescribe the therapy (eg, pre-

scription of an ACE inhibitor) and patient-reported adherence 

to that therapy (eg, self-report of ACE inhibitor use).

Outcomes
The primary outcome of the study was the frequency of 

adherence to each of the four guideline-recommended 

therapies among patients with diverse manifestations of 

vascular disease. Secondary outcomes included adherence 

to statin medications and its association with preprocedural 

cholesterol levels.

statistical analysis
Clinical characteristics were described as numbers and per-

centages for categorical variables, and as means with standard 

deviations for continuous variables. Continuous variables 

were compared using the Wilcoxon rank sum test and 

categorical values using chi-squared or Fisher’s exact tests. 

All data were analyzed using Stata Version 12.1 (StataCorp 

LP, College Station, TX). For all tests, a P-value ,0.05 was 

considered significant.

Results
Among the cohort of 1,114 patients with vascular disease, 

299 (27%) presented with claudication, 386 (35%) with CLI, 

55 (5%) with ALI, 207 (19%) with carotid artery stenosis, 
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Figure 1 Population of patients with diverse clinical manifestations of vascular 
disease (n=1,114).
Abbreviations: ali, acute limb ischemia; cli, critical limb ischemia.
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42 (4%) with mesenteric ischemia, 90 (8%) with renal 

artery stenosis, and 35 (3%) with subclavian artery stenosis 

(Figure 1).

Baseline characteristics of patients at the time of angiog-

raphy are summarized in Table 1. Patients who were adher-

ent to all four guideline-recommended medications were on 

average older (mean age 69 versus 65 years, P=0.001) and 

were more likely to have a number of associated medical 

comorbidities, including congestive heart failure (CHF), 

diabetes (DM), hypertension (HTN), CAD, and a prior MI. 

Consistent with this high-risk profile, patients adherent to 

all four guideline-recommended therapies were also more 

likely to be prescribed other cardioprotective medications, 

including beta blockers and clopidogrel (Table 1).

Baseline medication usage
Overall adherence to guideline-recommended therapies at 

time of angiography included use of aspirin in 936 (84%), sta-

tins in 753 (68%), ACE inhibitors in 673 (60%), and smoking 

abstinence in 788 (71%) patients. In total, 335 (30%) patients 

met all four guideline-recommended therapies. Patients with 

ALI had the lowest rate of four-guideline adherence at 14%, 

while patients with renal artery stenosis had the highest rate 

at 37% (Table 2).

Among patients with diverse manifestations of vas-

cular disease, the range of adherence to individual 

guideline-recommended therapies was 64%–91% for aspirin, 

43%–83% for statins (Figure 2), 49%–66% for ACE inhibi-

tors, and 47%–78% for smoking abstention. There was great-

est variation in statin use despite a 68% rate of adherence to 

statins among all patients with vascular disease. Patients pre-

senting with subclavian artery stenosis had the highest rates 

of aspirin (91%) and statin (83%) use while the mesenteric 

ischemia group had the lowest (64% and 43%, respectively). 

The claudication group had the highest rate of adherence to 

ACE inhibitors at 66% and the subclavian artery stenosis 

group had the lowest adherence rate at 49%. Patients with 

renal artery stenosis were found to be most adherent (78%) 

to smoking abstinence while patients with ALI were least 

adherent (47%) (Table 2). Overall, the majority of patients 

with diverse manifestations of vascular disease were taking 

aspirin and abstaining from smoking while fewer patients 

were prescribed statins and ACE inhibitors.

association of adherence to statin 
medications with cholesterol levels
Patients who were treated with a statin medication had low-

density lipoprotein (LDL) levels ranging from 75±27 mg/dL 

in ALI to 96±30 mg/dL in carotid artery stenosis. In com-

parison, patients who were nonadherent to statin medications 

had LDL levels ranging from 92±43 mg/dL in mesenteric 

ischemia to 139±50 mg/dL in renal artery stenosis. On aver-

age, there was a 27 mg/dL difference in LDL between patients 

who were treated with statins versus those who were not. LDL 

levels in patients with renal artery stenosis and ALI were most 

affected by statin therapy, as there was a 48 mg/dL and 43 

mg/dL difference, respectively, between those who were statin 

adherent versus statin nonadherent. On the other hand, there 

was an 11 mg/dL difference in LDL levels between statin-

adherent and statin-nonadherent patients with mesenteric 

ischemia (Table 3 and Figure 3).

Discussion
The risk of major adverse cardiovascular events in individu-

als with peripheral artery disease is higher than the risk 

faced by patients with established CAD or cerebral vascular 

disease.7,18 While multiple studies have identified subopti-

mal use of secondary prevention in this high-risk population 

and have called for action to alleviate the clinical burden 

of vascular disease,15,19–21 this is to our knowledge the first 

study to examine the patterns of guideline adherence among 

patients with multiple different manifestations of vascular 

disease including claudication, CLI, ALI, mesenteric isch-

emia, and carotid, renal, or subclavian artery stenosis. Our 

analyses of these trends indicate that statin medications and 

ACE inhibitors were on average the guideline-recommended 

therapies that were least adhered to among patients with 

vascular disease, with adherence to statin medications 

being the most variable. We also found that patients with 

mesenteric ischemia and ALI were least adherent to all four 

of these recommended therapies. Multiple factors likely 
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Table 2 Preprocedural adherence to guideline-recommended therapies

Vascular disease 
manifestation

N (%) Adherence to guideline-recommended therapies

Aspirin,  
n (%)

Statins,  
n (%)

ACEI/ARBs,  
n (%)

Smoking  
abstinence, n (%)

All 4 guidelines, 
n (%)

claudication 299 (27) 258 (86) 222 (74) 198 (66) 207 (69) 108 (36)
cli 386 (35) 346 (90) 244 (63) 220 (57) 284 (70) 117 (30)
ali 55 (5) 38 (69) 29 (53) 28 (51) 26 (47) 8 (14)
Mesenteric ischemia 42 (4) 27 (64) 18 (43) 25 (60) 31 (74) 8 (19)
carotid artery stenosis 207 (19) 162 (78) 144 (70) 127 (61) 148 (72) 53 (26)
Renal artery stenosis 90 (8) 73 (81) 67 (74) 58 (64) 70 (78) 33 (37)
subclavian artery stenosis 35 (3) 32 (91) 29 (83) 17 (49) 22 (63) 8 (23)
Total 1,114 936 (84) 753 (68) 673 (60) 788 (71) 335 (30)

Abbreviations: acei, angiotensin-converting enzyme inhibitors; ali, acute limb ischemia; aRBs, angiotensin receptor blockers; cli, critical limb ischemia.
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contribute to these observed variations among patients 

with diverse manifestations of vascular disease, including 

differences in physician and patient awareness of guideline 

therapies, potential for delay in diagnosis, and priorities of 

care. The data from this study enables us to further risk-

stratify patients with vascular disease and identify the spe-

cific disparities in patient care that may serve as the focus 

for continued efforts to improve secondary prevention and 

clinical outcomes.

In the last two decades, statins have become increasingly 

associated with improved survival and walking performance 

in patients with vascular disease.22–24 The Heart Protection 

Study Collaborative Group convincingly showed that 40 mg 

daily of simvastatin significantly lowered risk of major vas-

cular events compared to placebo,25 and later concluded that 

treatment with simvastatin is also cost-effective.26 Feringa 

et al27 demonstrated that higher doses of statins and lower 

LDL cholesterol levels were each independently associated 

Table 1 Baseline characteristics of patients with vascular disease

Variable Overall population 
(N=1,114)

4 guideline therapies 
(N=335)

,4 guideline therapies 
(N=779)

P-value

age, years 66±11 69±10 65±13 0.001
Male, n (%) 603 (54) 188 (56) 415 (53) 0.4
Race/ethnicity (%) 0.007
 caucasian 900 (81) 263 (79) 637 (82)
 Hispanic 81 (7) 28 (8) 53 (7)
 african american 70 (6) 29 (8) 41 (5)
 asian 28 (3) 15 (4) 13 (2)
BMi, kg/m2 27±6 28±6 27±6 0.06
cHF, n (%) 241 (22) 93 (28) 148 (19) 0.001
DM, n (%) 493 (44) 178 (53) 315 (40) ,0.001
gFR, ml/min 69±40 65±34 71±43 0.05
HTn, n (%) 952 (85) 321 (96) 631 (81) ,0.001
caD, n (%) 579 (52) 225 (67) 354 (45) ,0.001
History of Mi, n (%) 164 (15) 63 (19) 101 (13) 0.01
History of stroke/Tia, n (%) 243 (22) 60 (18) 183 (23) 0.04
History of malignancy, n (%) 156 (14) 36 (11) 120 (15) 0.04
cOPD, n (%) 188 (17) 40 (12) 148 (19) 0.003
History of aaa, n (%) 48 (4) 15 (4) 33 (4) 0.9
History of gi bleed, n (%) 57 (5) 12 (4) 45 (6) 0.1
History of prior amputation, n (%) 60 (5) 20 (6) 40 (5) 0.1
lDl, mg/dl 90±38 80±29 94±40 0.001
HBa1c, % 7.7±2.1 7.4±2.0 7.8±2.1 0.04
Beta blocker, n (%) 614 (55) 217 (65) 391 (50) ,0.001
clopidogrel, n (%) 635 (57) 218 (65) 417 (54) ,0.001
aBi 0.52±0.2 0.53±0.24 0.52±0.23 0.5

Abbreviations: aaa, abdominal aortic aneurysm; aBi, ankle Brachial index; BMi, body mass index; caD, coronary artery disease; cHF, congestive heart failure; cOPD, 
chronic obstructive pulmonary disease; DM, diabetes mellitus; GFR, glomerular filtration rate; GI, gastrointestinal; HBA1c, hemoglobin a1c; HTn, hypertension; lDl, low-
density lipoprotein; Mi, myocardial infarction; Tia, transient ischemic attack.
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Figure 2 adherence to statin medications among patients with diverse manifestations of vascular disease.
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Table 3 Preprocedural cholesterol levels among statin-adherent versus statin-nonadherent patients

Vascular disease 
manifestation

Statin adherent (mg/dL) Statin nonadherent (mg/dL)

TC LDL HDL TG TC LDL HDL TG

claudication 156±42 89±37 42±15 128±63 209±54 118±43 42±15 132±63
cli 141±40 75±27 35±16 162±80 166±58  95±40 38±18 133±80
ali 142±40 75±32 37±10 141±92 170±34 118±32 27±7 137±52
Mesenteric ischemia 146±50 81±37 45±11 135±43 167±54  92±43 53±24 102±32
carotid artery stenosis 163±33 96±30 42±22 132±72 182±59 113±55 41±16 162±120
Renal artery stenosis 158±38 91±32 41±15 139±90 201±60 139±50 37±14 130±72
subclavian artery stenosis 155±38 92±32 36±13 321 227±35 112±32 51±13 126±48

Abbreviations: ali, acute limb ischemia; cli, critical limb ischemia; HDl, high-density lipoprotein; lDl, low-density lipoprotein; Tc, total cholesterol; Tg, triglycerides.
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with lower all-cause mortality and cardiac death. The 

beneficial properties of statin medications may extend beyond 

their lipid-lowering effect to include atherosclerotic plaque 

stabilization, oxidative stress reduction, and a decrease in 

vascular inflammation.28 However, despite this overwhelm-

ing evidence of the efficacy of statins, studies consistently 

show that while trends in statin use have increased over time, 

patients with PAD continue to be undertreated.15,29 Subherwal 

et al15 reported a 56% statin use rate among patients with 

PAD and found that patients with PAD only were 20% less 

likely to use a statin in comparison to patients with CAD. 

Our study stratified the rates of statin usage among patients 

with seven different manifestations of vascular disease and 

identified patients presenting with mesenteric ischemia and 

ALI as the least adherent to statin medications. In 2010, 

statin prescription was identified as a core performance 

measure for treatment of patients with atherosclerotic occlu-

sion of the aorta or lower extremities.10 Considering the 

variation in statin adherence that we have observed, future 

performance measures and awareness campaigns should 

establish the importance of statin therapy for patients with 

other manifestations of vascular disease as well. Identifying 

these disparities can serve as an important starting point 

in increasing guideline adherence in the general vascular 

disease population.

Importantly, we found that among patients with seven 

diverse manifestations of vascular disease, there was on 

average a 26 mg/dL difference in the LDL levels of patients 

who were adherent versus nonadherent to statin medications. 

Statin medications had the greatest observed association with 

decreased LDL in patients with ALI and renal artery stenosis. It 

is possible that larger differences in LDL could be due to more 
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intensive statin therapy among certain subgroups of patients 

with vascular disease, although this is unlikely. Mean LDL 

levels may also be influenced by baseline cholesterol levels 

as well as LDL target levels. Considering the finding from the 

Heart Protection Study that a 1 mmol/L (38.61 mg/dL) differ-

ence in LDL was associated with a 24% reduction in relative 

risk of major vascular events,25 treatment with statins in patients 

with vascular disease severe enough to necessitate angiographic 

intervention is imperative. Given the recent updated ACC/

AHA guidelines, all patients in this study met criteria for statin 

prescription, regardless of their observed LDL level.30

Use of ACE inhibitors among all patients with vascular 

disease was 60%, making ACE inhibitors the least utilized 

guideline-recommended therapy among the four assessed 

in this study. The Heart Outcomes Prevention Evaluation 

(HOPE) study found that in patients with symptomatic PAD, 

ramipril reduced risk of cardiovascular events by approxi-

mately 25%.31 Of note, subgroups of patients in the HOPE 

study who had significant reductions in cardiovascular events 

included both those with and without HTN, suggesting that 

ramipril likely benefits many PAD patients with otherwise 

normal blood pressures. Despite the established association 

between ACE inhibitors and reduced rates of MI, stroke, and 

death among patients with vascular disease,9,31,32 the routine 

use of ACE inhibitors in this patient population is not yet 

common practice. As more evidence is collected regarding 

the cardioprotective role of ACE inhibitors and the positive 

effects that they may have on walking times in patients with 

vascular disease,33 focus should be placed on increasing 

adherence to this guideline-recommended therapy.

To evaluate overall adherence to guideline-recommended 

therapies, we analyzed rates of adherence to all four of the 

guidelines. We found that 30% of patients with diverse mani-

festations of vascular disease adhered to the four guidelines. 

Rates of adherence ranged from 14% and 19% in patients 

with ALI and mesenteric ischemia, respectively, to 36% and 

37% in patients with claudication and renal artery stenosis, 

respectively. A number of studies have analyzed the additive 

effects of utilizing multiple guideline-recommended therapies 

in patients with vascular disease. In a study utilizing data from 

the National Health and Nutrition Examination Survey, Pande 

et al14 found that treatment with more than two preventive 

therapies (aspirin, statin, and/or ACE inhibitors) was associ-

ated with a 65% reduction in risk of all-cause mortality in 

patients with an ankle–brachial index #0.90. Hoeks et al19 

concluded that patients taking aspirin, statin medications, 

and beta-blockers at baseline had significantly lower 3-year 

mortality rates than patients who were nonadherent to these 

medical therapies. A more recent study by our group found 

that in patients with PAD severe enough to necessitate 

angiography, preprocedural adherence to aspirin, statins, 

ACE inhibitors, and smoking cessation was associated with 

a 36% reduction in major adverse cardiovascular events and 

45% reduction in major adverse limb events over a 3-year 

follow-up period.34 Furthermore, both Hoeks et al19 and our 

group34 have demonstrated a graded relationship between 
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greater use of guideline-recommended therapies and lower 

3-year mortality rates. The significant reductions in major 

adverse cardiovascular and limb events that these studies 

identified have important implications for the projected benefit 

that increased adherence to guideline-recommended therapies 

may have in this high-risk population. With the awareness that 

less than one-third of patients with vascular disease are fully 

adhering to recommended guidelines, and the knowledge that 

optimal adherence to guidelines is associated with improved 

long-term health outcomes, it has become increasingly impor-

tant and feasible to make advances towards alleviating the 

clinical burden of vascular disease.

Patients who were being treated with all four guideline-

recommended therapies at the time of angiography had sig-

nificantly more baseline comorbidities, including congestive 

heart failure, DM, HTN, CAD, and previous MI or stroke, than 

patients who were being treated with less than four guideline-

recommended therapies (Table 1). Taken together with the 

fact that guideline recommendations for these comorbidities 

and for vascular disease overlap, our results suggest that other 

cardiovascular comorbidities may be the main determinant of 

guideline adherence, rather than the specific manifestation of 

vascular disease. This is likely due to better national aware-

ness of guidelines for treating diseases such as CAD or DM. 

These results further support the need for increased education 

and awareness to optimize guideline-recommended therapies 

for patients with vascular disease.

A number of successful quality improvement initiatives to 

improve guideline adherence have been implemented, includ-

ing the ACC Guidelines Applied in Practice (GAP) and AHA 

Get With The Guidelines (GWTG) programs for the inpa-

tient setting, and the more recently launched The Guideline 

Advantage (TGA) for the outpatient environment.35–37 The 

GAP and GWTG programs successfully utilized patient man-

agement tools, education, and quality indicators to improve 

guideline adherence in patients post-MI35,36 or post-ischemic 

stroke.38 TGA recently defined its strategic plan to implement 

functional data aggregation and analytics platforms to maxi-

mize adherence to evidence-based guidelines for the manage-

ment of cancer, CAD, and DM.37 While nationwide programs 

have been developed for heart failure, CAD, stroke, and 

DM, a similar program for vascular disease has not yet been 

implemented. Increased adoption of performance measures 

for patients with vascular disease, as outlined by Olin et al,10 

together with extending nation-wide quality improvement 

initiatives to patients with diverse manifestations of vascular 

disease will be key to galvanizing a sustainable translation of 

best evidence into real-world clinical practice.

limitations
This study should be interpreted in the context of its design. 

First, it is a retrospective investigation from a single center; 

therefore, patterns of care and disease may differ at other 

clinical sites. Second, although physician- and patient-

reported adherence to guideline-recommended therapies was 

thoroughly assessed through review of prescription records 

and clinical chart notes, absolute adherence could not be fully 

assessed. Third, inherent to all observational studies without 

randomization is the limitation that reported associations may 

not represent causality. Fourth, while the preprocedural clini-

cal documentation included thorough reporting of patients’ 

use of each of the guideline-recommended therapies, we did 

not have data regarding potential reasons for nonadherence 

(eg, contraindications).

Conclusion
This study demonstrated that less than one-third of patients 

with vascular disease manifesting as claudication, CLI, ALI, 

mesenteric ischemia, and carotid, renal, or subclavian artery 

stenosis are prescribed all four guideline-recommended 

therapies. The majority of patients with diverse manifes-

tations of vascular disease take aspirin and abstain from 

smoking while fewer patients are prescribed statins and ACE 

inhibitors. Among these four recommendations, adherence 

to statin medications varied the most. These results help 

increase understanding of the variation in adherence to 

guideline-recommended therapies and highlight an important 

potential opportunity to improve quality of care for the high-

risk population of vascular disease patients as a whole.
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