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4. Rationale:  

Lipoprotein-associated Phospholipase A2 (Lp-PLA2) is a 50-kd calcium-

independent enzyme highly expressed by macrophages in atherosclerotic lesions.
1
 Lp-

PLA2 is responsible for the hydrolysis of oxidized phospholipids on LDL particles.
2
 The 

presence and activity of Lp-PLA2 is thought to be associated with vulnerable, rupture-



prone plaques. This close association with plaque activity and low correlation with 

circulating inflammatory markers suggests specificity of Lp-PLA2 for vascular 

inflammation.
3
 

The association between elevated Lp-PLA2 levels and both incident coronary 

heart disease and ischemic stroke is well established.
4
 The association of Lp-PLA2 with 

incident peripheral arterial disease (PAD) however has not been similarly assessed. 

Current evidence suggests a relationship between higher Lp-PLA2 concentrations and 

increased risk of incident PAD exists but is limited to a single prospective study of 

elderly, predominantly white individuals.
5 

In this study a significant p-value for 

interaction was noted, however, between Lp-PLA2 mass and black race for the outcome 

of incident PAD in this study and the association of Lp-PLA2 mass with incident PAD 

was not significant for this subgroup.  

8 million people in the United States alone and over 200 million people 

worldwide are estimated to have PAD.
6, 7

 Prevalence of PAD varies substantially 

according to age and ethnicity with significantly higher rates reported in older 

populations and African American individuals.
8-10

 Established risk factors alone do not 

explain ethnic-specific variations in PAD prevalence.
10, 11

 It is important to determine if 

high Lp-PLA2 levels are associated with the development of PAD as well. If an 

association is observed, future studies could investigate if these individuals may benefit 

from more intensive measures to modify cardiovascular risk and, potentially, 

pharmacologic inhibition of Lp-PLA2. 

The Atherosclerosis Risk in Communities (ARIC) offers an opportunity to 

prospectively examine the relationship between Lp-PLA2 levels and the development of 

PAD in a large, well-defined population with long-term follow-up and better explore 

whether associations may differ by race. 

 

5. Main Hypothesis/Study Questions: 

 To investigate the association of Lp-PLA2 activity with risk of incident PAD, 

defined by either an incident low ABI or development of clinical PAD. 

 To investigate whether associations of Lp-PLA2 activity with risk of incident 

PAD differ when stratified by race  

 To determine whether Lp-PLA2 contributes to the prediction of PAD beyond 

traditional risk factors and other inflammatory markers 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 
Data: 

Study participants 

In 1987-89, the ARIC Study recruited to an initial examination a cohort of 15,792 men 

and women aged 45-64 years from four U.S. communities.
 
Participants were re-examined 

in 1990-92 (93% response), 1993-95 (86%), 1996-98 (80%), and 2011-13 (65%) and 

followed long-term for cardiovascular events. Due to the availability of Lp-PLA2 activity, 

participants in ARIC Visit 4 (1996-98) will serve as the eligible cohort and baseline visit 

for the present analysis. 



Lipoprotein-associated Phospholipase A2 (Lp-PLA2) 

ARIC assessed Lp-PLA2 activity in Visit 4 plasma by an automated Colorimetric Activity 

Method (CAM) assay (diaDexus Inc., South San Francisco, CA) using a Beckman 

Coulter (Olympus) AU400e autoanalyzer. 

Ankle-brachial index 

The ABI was measured on nearly all participants at visit 1 (96%), on a select random 

number of participants at visits 3 (n=4197), 4 (n=5882), and most participants at visit 5 

(86%). At visits 1 and 5, ABI was computed by dividing the average of ankle SBP 

measurements by the average of brachial SBP measurements. Two ankle BP 

measurements were taken 5 to 8 min apart at the posterior tibial artery in a randomly 

selected leg while the participant was prone. Two brachial artery BP were measured, 

usually in the right arm, with the participant supine. At visits 3 and 4, the ABI was 

defined as the ratio of a single ankle SBP to a single brachial BP, both measured with the 

participant supine.  

An abnormal ABI at baseline was defined as a recorded ABI of <0.9 or >1.4 at study 

visits 1, 3, or 4.  

Clinical PAD 

A positive Rose Questionnaire or a hospitalization ICD-9 code consistent with the 

diagnosis of PAD were used to determine clinical PAD.  

Rose Questionnaire 

Interviewers contacted participants annually by telephone to identify intermittent 

claudication symptoms and all hospitalizations. The Rose Questionnaire was used 

to evaluate whether participants had developed intermittent claudication, which 

was defined as exertional leg pain relieved within 10 min by resting.
12

  

Hospitalized PAD 

When a hospitalization had occurred, a trained abstractor obtained and recorded 

all International Classification of Disease, Ninth Revision hospital discharge 

diagnoses. All records with an International Classification of Disease, Ninth 

Revision code of 443.9 (peripheral vascular disease, unspecified), 84.11 (toe 

amputation), 84.12 (foot amputation), 84.15 (below-knee amputation), 84.17 

(above-knee amputation), 38.18 (leg endarterectomy), 39.25 (aorto-iliac-femoral 

bypass), and 39.29 (leg bypass surgery) qualified as hospitalized PAD. 

Clinical PAD at baseline was defined as a positive Rose Questionnaire or a qualifying 

hospitalized PAD diagnosis that occurred prior to visit 4. 

Incident PAD 

In individuals without prevalent PAD (defined as above by either the presence of an 

abnormal ABI or clinical PAD at baseline), PAD incidence was characterized by one of 

the following criteria: (1) A new ABI<0.9 at visit 5; (2) new intermittent claudication 

based on Rose Questionnaire; or (3) a hospital discharge diagnosis consistent with PAD 

Other Variables of Interest (all cohorts) 

Demographic - Age, Race, Sex, height, weight, clinic site 

Comorbidities - Cigarette smoking, SBP, DBP, anti-HTN med use, fasting glucose, anti-

DM med use, and cardiovascular disease. 

Laboratory data – CRP, Fibrinogen, eGFR 

Lipid profile – TC, LDL, HDL, TG 

Medication use – Statin & Aspirin use   



Others – Alcohol consumption, Physical activity levels  

Exclusion criteria  

Individuals without a baseline Lp-PLA2 activity measurement, with baseline PAD 

(ABI<0.9, ABI>1.4, or evidence of clinical PAD), or without follow-up data will be 

excluded from the analysis. 

Analysis plan:  
1) Comparison of baseline characteristics  

The comparison groups will be those who did not develop incident PAD and those 

who did develop incident PAD. Adjusting for age and sex, we will use a t-test for 

continuous variable and a χ
2
 test for dichotomous variables to test differences 

between these two groups. 

2) Associations of Lp-PLA2 activity with incident PAD 

Cox proportional hazards models will be used to investigate the association of 

baseline Lp-PLA2 activity with incident PAD. In this analysis, we will model Lp-

PLA2 activity continuously (per SD increment) and also categorized into quartiles 

(lowest quartile as referent category).  

The analysis will be adjusted for age, sex, race, clinic site, smoking, alcohol 

consumption, diabetes, systolic and diastolic blood pressure, CHD, total and HDL 

cholesterol, BMI, physical activity, eGFR, anti-hypertensive medication, aspirin use, 

and statin use. The analyses will be additionally adjusted for CRP and fibrinogen. 

3) Subgroup analyses 

Step 2 will be repeated stratified by race (Whites and Blacks) for the incident PAD 

outcome. P-value for interaction will also be determined. 

4) Sensitivity analysis 

This will be performed to determine whether associations of Lp-PLA2 activity differ 

based on how incident PAD is assessed (Clinical PAD and Low ABI analyzed 

separately) and to assess for possible bias introduced from the ABI not being 

measured in all participants at study visits. 

A) Clinical PAD: Step 2 will be repeated for all eligible study participants as 

mentioned above to investigate the association of baseline Lp-PLA2 activity with 

incident PAD defined only by the clinical PAD outcome 

B) Low ABI: Step 2 will be repeated only in eligible individuals with ABI 

measured at both visit 4 and visit 5 to investigate the association of baseline Lp-

PLA2 activity with incident PAD defined only by the low ABI outcome. 

5) Inflammatory markers 

AUC comparison will be calculated for predictive ability of Lp-PLA2 activity beyond 

traditional RF’s and markers of inflammation 
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