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Abstract

BACKGROUND—Basic research suggests that rapid increases in circulating inflammatory and

hemostatic blood markers may trigger or indicate impending plaque rupture and coronary

thrombosis, resulting in acute ischemic heart disease (IHD) events. However, these associations

are not established in humans.

METHODS AND RESULTS—The Biomarker Risk Assessment in Vulnerable Outpatients

(BRAVO) Study will determine whether levels of inflammatory and hemostatic biomarkers

rapidly increase during the weeks prior to an acute IHD event in people with lower extremity

peripheral artery disease (PAD). The BRAVO Study will determine whether biomarker levels

measured immediately prior to an IHD event are higher than levels not preceding an IHD event;

whether participants who experience an IHD event (cases) have higher biomarker levels

immediately prior to the event and higher biomarker levels at each time point leading up to the

IHD event than participants without an IHD event (controls); and whether case participants have

greater increases in biomarkers during the months leading up to the event than controls. BRAVO
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enrolled 595 patients with PAD, a population at high risk for acute IHD events. After a baseline

visit, participants returned every two months for blood collection, underwent an electrocardiogram

to identify new silent myocardial infarctions, and were queried about new hospitalizations since

their prior study visit. Mortality data were also collected. Participants were followed prospectively

for up to three years.

CONCLUSIONS—BRAVO results will provide important information about the

pathophysiology of IHD events and may lead to improved therapies for preventing IHD events in

high-risk patients.

INTRODUCTION

Approximately 8 million men and women in the United States have lower extremity

peripheral artery disease (PAD) and the prevalence of PAD is increasing world-wide (1, 2).

People with PAD have a 2 to 4–fold increased rate of cardiovascular events compared to

those without PAD, even after taking into account cardiovascular disease risk factors (3).

Despite major treatment advances, current diagnostic methods and therapies are insufficient

to prevent atherosclerotic disease progression. Many patients suffer cardiovascular events

despite optimal medical therapy (4, 5). Thus, preventing cardiovascular morbidity and

mortality in the large and growing number of people with PAD is an important public health

goal.

Evidence from intra-vascular ultrasound, angiography, and pathology examinations

indicates that ischemic heart disease (IHD) events often result from plaque rupture on areas

of non-obstructive coronary atherosclerosis (6–11). Approximately 70% of IHD events are

thought to result from plaque rupture and subsequent luminal thrombosis at arterial sites

with minimally occlusive atherosclerosis (5). However, hemostatic and inflammatory

protein triggers of acute plaque rupture and subsequent IHD events are not clearly identified

Animal studies and in-vitro models suggest that increases in circulating inflammatory and

hemostatic biomarkers may trigger plaque rupture and coronary thrombosis, resulting in

IHD events (12–14). Inflammatory and hemostatic blood markers are significantly elevated

in people with PAD compared to those without PAD (15–16). Because people with PAD

have higher rates of cardiovascular events than those without PAD and because of their

increased levels of circulating inflammatory and hemostatic biomarkers, they are an optimal

study population in which to assess associations of circulating biomarkers with

cardiovascular events.

Establishing whether blood biomarkers increase shortly before an IHD event will help

elucidate the pathophysiology of acute vascular events and determine whether acute

increases in circulating biomarkers identify persons at high risk for a near-term (i.e. less than

60 days) IHD events. This information may lead to improved therapies for preventing and

treating acute cardiovascular events in vulnerable populations, such as those with PAD.

The purpose of the Biomarker Risk Assessment in Vulnerable Outpatients (BRAVO) study

is to assemble a cohort of patients at high-risk for IHD events and follow them prospectively

with frequent follow-up visits in order to determine whether circulating levels of
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inflammatory and hemostatic factors increase acutely during the weeks and months leading

up to an IHD event. The primary aim of the BRAVO Study is to determine whether among

PAD participants who experience an IHD event, biomarker levels measured immediately

prior to an IHD event are higher than levels not preceding an event. The second primary aim

of the BRAVO Study is to determine whether participants who experience an IHD event

(cases) have higher biomarker levels immediately prior to the event than participants who do

not experience an event (controls). The second primary aim of the BRAVO Study will also

determine whether case participants have greater increases in biomarkers during the months

leading up to the IHD event, compared to controls (see Table 1). The biomarkers studied are

D-dimer, C-reactive protein (CRP) and serum amyloid A (SAA).

METHODS

Overview

The Institutional Review Board at Northwestern University and all participating sites

approved the protocol. All participants provided written, informed consent. Enrollment took

place between September 2009 and September 2012. Follow-up visits took place through

January 2013.

Recruitment

Participants with PAD were identified from computerized or manual lists of consecutive

men and women diagnosed with PAD in non-invasive vascular laboratories or vascular

surgery practices from the following six medical centers in Chicago: Northwestern Medical

Center, Rush Medical Center, University of Chicago Medical Center, Mount Sinai Hospital,

Saint Joseph Hospital and Jesse Brown Veterans Affairs Medical Center. Potential

participants with PAD received a mailed recruitment letter, after permission to contact them

was granted by their physician. Up to four recruitment letters were mailed, at least three

weeks apart. If the potential participant did not respond within three weeks after the first

recruitment letter was mailed, the potential participant was telephoned and invited to

participate.

Inclusion and Exclusion Criteria

The inclusion criterion was an ankle brachial index (ABI) < 0.90 at the baseline study visit.

Individuals with an ABI > 0.90 at their baseline visit who had documented evidence of PAD

from a non-invasive vascular laboratory or documentation of prior lower extremity

revascularization for PAD were also eligible. Exclusion criteria and justification for each

criterion are listed in Table 2. Potential participants were first assessed for eligibility by

telephone using a standardized interview. Those who remained eligible after the telephone

screening were scheduled for a baseline study visit.

Overview of baseline and follow-up data collection

Table 3 shows data collected at baseline and at each follow-up visit. Baseline measures

consisted of the ankle brachial index (ABI), standardized questionnaire administration to

obtain medical history and information about leg symptoms, phlebotomy, a resting 12-lead
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electrocardiogram, a six-minute walk test, four-meter walking velocity, and height and

weight for measurement of body mass index (BMI).

Participants were asked to return every two months for follow-up testing. At each follow-up

visit, participants underwent repeat blood collection (phlebotomy), an electrocardiogram,

and weight measurement to identify significant changes in body weight. Participants also

were administered detailed study questionnaires to identify new cardiovascular events, signs

or symptoms of infection, new venous thromboembolic events, and any hospitalizations

since the last study visit. The six-minute walk test and measurement of four-meter walking

velocity were repeated every six months. Details about each measurement are provided

below.

Measures

Baseline comorbidities—Baseline comorbidities were ascertained and confirmed using

patient-report obtained from questionnaire administration, medical record review, patient

medication use, and results of a primary care physician questionnaire (17). These data are

entered into comorbidity algorithms, developed and validated by the Women’s Health and

Aging Study, to ascertain and confirm the presence of baseline comorbidities including

diabetes, angina, heart failure, pulmonary disease, history of myocardial infarction, cancer,

spinal stenosis, disk disease, and knee or hip osteoarthritis (17).

Questionnaire administration—At each bi-monthly follow-up visit, questionnaires

were administered to identify hospitalizations and emergency room visits, febrile illnesses,

and any new antibiotics prescribed since the last study visit. A current list of medications

was obtained at each visit. Medical records were ordered for all new hospitalizations or

emergency department visits reported at each follow-up visit.

Ankle-brachial index—A hand-held Doppler probe (Nicolet Vascular Pocket Dop II,

Golden, CO) was used to measure systolic blood pressures after the participant rested supine

for five minutes. Measured pressures were: right brachial, dorsalis pedis, and posterior tibial

arteries; left dorsalis pedis, posterior tibial, and brachial arteries. Each pressure was

measured twice. The ABI was calculated by dividing average pressures in each leg by the

average of the four brachial pressures (18–19).

Phlebotomy—Blood samples were obtained in the morning between 7 AM and noon

whenever possible. Specimens were immediately iced and transported to the laboratory for

processing and storage. Specimens were processed and prepared for long-term storage

within 90 minutes of collection.

Electrocardiogram—Because as many as 20% to 30% of myocardial infarctions are

considered asymptomatic (20, 21), we performed electrocardiograms at baseline and at each

follow-up visit to identify new silent myocardial infarctions. We used methods and

equipment (General Electric’s MAC1200 portable ECG units) from the Multi-Ethnic Study

of Atherosclerosis (MESA) and Atherosclerotic Risk in Communities (ARIC) cohorts for

ECG measures (22, 23). Methods from the Cardiovascular Health Study were used to

diagnose new silent myocardial infarctions during follow-up (24).
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Biomarkers for study

We used objective criteria to select the biomarkers most likely to be associated with near-

term risk for acute coronary syndrome events. First, we developed four criteria to rank the

relative merits of each potential marker and to identify those most likely to be markers of

imminent acute coronary events, based on available evidence. These four criteria consisted

of a) evidence from in-vitro studies and animals suggesting that the biomarker is likely to

increase prior to an IHD event; b) evidence from epidemiologic studies suggesting that the

biomarker is likely to increase prior to an IHD event; c) evidence that the biomarker is

elevated in the setting of an IHD event; and d) stability and validity of the biomarker assay.

Second, we performed an exhaustive search of the English-language scientific literature to

identify studies related to the four criteria and the potential biomarkers. Third, each

identified biomarker was assigned a score (ranging from 0 to 3, where 3 indicated the most

favorable score) for each of the four criteria. These scores were summed to obtain a total

score for each blood marker. The three biomarkers with the highest scores were D-dimer,

CRP, and SAA. Thus, these three biomarkers were selected for study. Changes in levels of

these biomarkers during the weeks and months leading up to our primary outcome (ischemic

heart disease events) were the independent variables of interest.

Biomarker measurement methods—Serum Amyloid A and CRP were measured using

an immunotechnique on the Behring BN II analyzer (Dade Behring, Wilmington, DE). An

Asserachrom D-Di kit (STA-Liatest D-Di kit, Diagnostica Stago, Parsippany, NJ) was used

to measure D-dimer using an immune-turbidimetric assay.

Primary outcome

The primary outcome (dependent variable) for the BRAVO study is the combined outcome

of fatal and non-fatal IHD events. Non-fatal IHD events were defined as acute myocardial

infarction (MI), hospitalizations for unstable angina, and new ECG findings consistent with

MI. Records for hospitalizations identified during follow-up were obtained. Study

adjudicators reviewed any medical records that mentioned angina or chest pain, reported

elevated coronary enzymes, or had a discharge diagnosis consistent with angina or

myocardial infarction. Photocopied packets of the hospital discharge summary, laboratory

results, admission history and physical, electrocardiograms, and the discharge diagnoses

(ICD-10 codes) were reviewed separately and independently by two adjudicators to

determine whether the participant met criteria for myocardial infarction or unstable angina,

based on previously established criteria (22–23). When there was disagreement between the

two primary adjudicators, a third adjudicator reviewed the case and the outcome was

determined by consensus. Adjudicators were blinded to the biomarkers of interest for case

and control participants.

Adjudication of acute coronary syndrome events—A hospitalization for

myocardial infarction was adjudicated using criteria established for the ARIC and MESA

studies (22, 23). Specifically, we required two of the following three criteria to adjudicate a

hospitalized acute MI: a) chest pain, b) abnormal ECG consistent with an MI (ST segment

elevation, new left bundle branch block, new Q waves), c) abnormal cardiac enzymes

(troponin more than two times the upper limit of normal) consistent with an MI.
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We used criteria from the MESA study (23) to adjudicate unstable angina. Unstable angina

was defined as “non-elective admission to the hospital for acute angina that is not codable as

definite or probable MI.” The admission face sheet, discharge summary, admission history

and physical, laboratory results, and ECGs from relevant hospital admissions were used to

adjudicate unstable angina. Clinical symptoms were required. Additional criteria used to

support the diagnosis of unstable angina were a) treatment with nitrates, heparin, or beta-

blockers; b) coronary artery bypass graft surgery or other coronary revascularization during

the hospital stay; c) 70% or greater obstruction of any coronary artery per angiography

performed during the hospital stay; d) an electrocardiogram (ECG) showing horizontal or

down-sloping ST depression or abnormal ST elevation > 1 mm and these findings were

present only during chest pain.

Ischemic heart disease death consisted of definite fatal myocardial infarction, definite

coronary heart disease death, and possible coronary heart disease death (23). All three types

of death require the absence of known non-ischemic or non-cardiac causes of death.

Definitions of cases and controls

Cases are participants who develop an acute IHD event (myocardial infarction,

hospitalization for unstable angina, or coronary heart disease death) during follow-up. To

achieve our study aims, case participants are censored from analyses after the date of their

IHD event. Two control participants were randomly selected for each case from among

participants without a coronary event as of the date of the coronary event for the

corresponding case participant. Participants were not eligible to serve as a control if they

experienced an IHD event at any time during follow-up in the BRAVO study.

As compared to case participants, matched control participants meet these criteria: i. They

were the same age (within five years) of the case participant; ii. They were the same gender

as the case participant; iii. They had at least the same length of time in the study as the case

participant; iv. They had blood draws for the visits at which the case participant had blood

draws.

Exploratory measures

Exploratory measures consisted of the six-minute walk test and four-meter walking velocity

at usual and fastest pace (18). These measures will enable us to determine whether changes

in biomarker levels are associated with changes in walking performance over time. In the

six-minute walk, participants walk back and forth in a 100-foot hallway for six minutes,

after receiving standardized instructions from a research coordinator. Participants are

instructed to walk as far as possible in the six-minutes. In the usual-paced four-meter

walking velocity test, participants are instructed to walk a four meter distance at their usual

pace, as if they are walking down the street to go to the store. In the fast-paced four-meter

walking velocity test, participants are instructed to walk a four-meter distance at their fastest

pace. Second, we added exploratory measures of hospitalization for pulmonary outcomes

including pneumonia and chronic obstructive pulmonary disease (COPD) or asthma

exacerbations. Methods from the LIFE Study were used to adjudicate these outcomes (23).

Pulmonary outcomes will allow us to determine whether hospitalizations for acute
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pulmonary disease may mediate associations of increasing biomarker levels with acute

coronary events.

Statistical analyses

Table 4 illustrates an example time course of biomarker levels obtained during follow-up as

well as the typical number of IHD events anticipated during each follow-up interval,

assuming a relatively constant rate of IHD events during follow-up. Panel B in Table 4

illustrates an example of a participant who experienced an IHD event 13 months after

enrollment.

For Primary Aim #1, we will determine whether, among participants who experience an

IHD event, biomarker levels obtained at t0 (the final visit prior to the event) are significantly

higher than previous biomarker levels (Table 1). Among all participants, such as the

example Participant #1 in Panel B of Table 4, we will use a one-sided paired t-test to

determine whether biomarker levels at t0 are significantly greater than biomarker levels at t1

(measured three months prior to the event), significantly greater than biomarkers measured

at t2 (five months prior to the event), significantly greater than biomarkers measured at t3,

and so on. Our primary comparison of interest is between biomarkers measured at t0 and t1.

Because of the three biomarkers we will study, our a priori selected level of statistical

significance is alpha=0.0167. Because we are evaluating the overall pattern of the

associations, we did not adjust for multiple comparisons of t1 vs.t0, t2 vs. t0, etc for each

biomarker. We will also perform mixed effect regression analyses with the time from the

biomarker measurement to the time of the IHD event as the independent variable and blood

marker level as the response. For each biomarker, all of the available longitudinal biomarker

data for individual cases will enter the regression and the regression coefficient of time

reflects the change rate and direction of the biomarker level prior to the IHD event.

In Primary Aim #2a, we will use a one-sided two-sample t-test to determine whether

participants experiencing an IHD event (cases) have higher biomarker levels immediately

prior to the event than participants without an IHD event (controls) (Table 1). P values less

than 0.0167 will be considered statistically significant to adjust for the multiple comparisons

with respect to the three biomarkers.

In our Primary Aim #2b, we will use a one-sided two-sample t-test with alpha = 0.0167 to

determine whether increases in biomarker levels at the time points leading up to the event

(i.e. at t0, t1, t2, t3, etc) are higher in case participants than control participants. We

hypothesize that increases in biomarker levels at the time points leading up to the IHD event

will be significantly higher for the case than for the control participants. In addition, we will

use a paired t-test with alpha = 0.0167 to determine whether the changes in biomarkers

during the months leading up to the event are higher in case than in control participants.

Specifically, average differences in biomarker levels between time points ‘t0 and t1’,

between ‘t0 and t2’, between ‘t0 and t3’, and so on will be compared between case and

control participants (Table 4). We hypothesize that differences in biomarkers over these

intervals will be greater in case than control participants. In addition, we will perform

similar mixed effect regression analyses as Specific Aim #1 with the case indicator as an

additional independent variable. The regression coefficient of the case indicator represents
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the case vs. control difference in the changes in biomarkers during the months leading up to

the event.

Cases and controls will be matched on age, sex, race, duration in the study, and number of

blood draws. In addition, for our Primary Aim #2, we may adjust for additional covariates

including race, hypertension, smoking, BMI, diabetes, cholesterol levels, relevant

medications (statins, ACE inhibitors, aspirin), month of the blood draw, history of angina,

heart failure, myocardial infarction, stroke, cancer, deep venous thrombosis, pulmonary

embolism, and chronic obstructive pulmonary disease. To limit covariate number, while

selecting the most appropriate covariates, we will first examine univariate associations of

each potential confounders with our primary outcome of IHD events. Variables significantly

associated with coronary events at p <0.10 will be considered for inclusion in our final

analyses. We will select covariates a priori from among those with p values < 0.10 based on

the strength of scientific evidence regarding their association with biomarkers and coronary

events.

In exploratory analyses, we will determine whether pulmonary events may mediate

associations of elevated or increasing biomarker levels with IHD events, by determining

whether the associations of elevated and increasing biomarker levels with IHD are

attenuated after adjusting for pulmonary hospitalizations.

The statistical analysis for all the specific aims will be performed independently. To address

the risk of false positives, we will report both positive and negative findings for each set of

analyses so that the results can be interpreted with appropriate caution. On the other hand,

we anticipate positive findings for a large proportion of hypotheses such as the comparisons

between t0 and t1 and between cases and controls and thus the overall false discovery rate

can still be reasonably low even though the family-wise error for the entire study is not

formally controlled.

Power Calculations

Based on mortality rates in our prior research, we anticipated 47 PAD participants would die

during follow-up (25). Based on published literature (26–27), we anticipated that six silent

myocardial infarctions would be identified during follow-up (i.e. incidence of 0.5% per

year). Because people with PAD have higher cardiovascular event rates than people without

PAD (28–29), we anticipated that silent coronary event rates in our PAD cohort would be at

least comparable to that of community dwelling individuals. Thus, we anticipated a total of

53 coronary events during follow-up. Since we hypothesized that biomarkers would be

higher prior to an IHD event, our power calculations were constructed using a one-tailed

test. Because three biomarkers will be studied, our power calculation is based on a

significance level of 0.0167.

For primary aim #1, our primary comparison of interest is the difference in biomarker levels

between the final two blood draws before the date of the IHD event (Table 4). We

anticipated that 48 participants who experience a coronary event would have data for both

visits immediately preceding an IHD event. We will have 80% power to detect a difference
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of 0.43 standard deviations (SD) for the comparison of biomarkers between t0 and t1 for

these 48 participants.

For primary aim #2a, we will determine whether participants with an IHD event (cases) have

higher biomarker levels immediately prior to the event than participants without an acute

IHD event (controls). This power calculation is based on a one-tailed two-sample t-test at

alpha=0.0167, which provides a conservative estimation of statistical power. With the

sample sizes of 53 cases and 106 controls, we will have 80% power to detect a difference of

0.50 SD of the biomarker levels between cases and controls.

For primary aim #2b, we will compare changes in biomarker levels from t1 to t0, from t2 to

t0, from t3 to t0, from t4 to t0, from t5 to t0, and from t6 to t0 between cases and controls.

Our primary comparison of interest is the difference between cases and controls in the

change of biomarker levels between t0 and t1. Assuming that the 53 events occur at an

approximately constant rate during follow-up, we anticipate the following: 48 cases vs. 96

controls for comparisons between t1 and t0, 44 cases vs. 88 controls for comparisons

between t2 and t0, 39 cases vs. 78 controls for comparisons between t3 and t0, 35 cases vs.

70 controls for comparisons between t4 and t0, 30 cases vs. 60 controls for comparisons

between t5 and t0, and 26 cases for 52 controls for comparisons between t6 and t0. We have

80% power to detect differences of 0.52 SD, 0.55 SD, 0.58 SD, 0.61 SD, 0.66 SD, and 0.71

SD for these comparisons. Our power calculations are based on one-tailed tests and a p

value of 0.0167, adjusting for each of the three biomarkers we will study. We did not adjust

our alpha for each individual comparison within each biomarker, because we are looking for

patterns of differences within each biomarker.

RESULTS

Of 950 participants with a scheduled baseline visit, 131 met exclusion criteria and 224 did

not arrive for their appointments or refused participation after scheduling their baseline visit.

A total of 595 participants were enrolled. Mean (standard deviation (SD)) follow-up was

1.56 years (0.81). Median (inter-quartile range) follow-up was 1.64 years (0.87, 2.05).

Table 5 shows baseline characteristics of study participants. The mean (SD) age of the

population is 68.6 years (10.1), 64% were male, and the mean (SD) ABI value is 0.79 (0.33).

At baseline, nearly 80% of participants were taking anti-platelet therapy, and 73.9% were

taking statins. Eight percent had Q waves on their baseline electrocardiogram.

During follow-up, 48 participants experienced one or more acute IHD events. The first IHD

events experienced by participants were 8 cardiac deaths, 24 hospitalizations for acute MI,

15 hospitalizations for unstable angina, and 1 hospitalization for a resuscitated cardiac

arrest. In addition, two participants developed new Q waves on their ECGs during follow-

up.

Two control participants who did not experience an IHD event during follow-up and were

matched by age, sex, duration in study, and number of blood draws to the corresponding

case were randomly selected for each case participant. Among the 512 participants who did

not experience an IHD event during follow-up, 473 (93%) were eligible to serve as a control
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for one or more cases, based on the matching criteria. Of the 473 eligible, 100 were

randomly selected.

DISCUSSION

Available evidence supports a key role for inflammation and hemostatic disorders in the

initiation and progression of atherosclerosis, including rupture of vulnerable plaques

resulting in IHD events. Proposed theoretical models of atherosclerotic disease progression

underscore the role of inflammation and thrombosis in triggering IHD events (5–7, 12–14).

Early in atherogenesis, circulating monocytes and lymphocytes are recruited to the vascular

intima where they mediate the inflammatory response and promote plaque growth.

Ultimately, a combination of cellular, local, and humoral processes can destabilize

atherosclerotic plaque, resulting in intra-plaque hemorrhage, fibrous cap erosion, or rupture

of the fibrous cap (12–14). Any of these latter events can expose plaque contents to platelets

and circulating prothrombotic elements, leading to platelet aggregation, thrombus formation,

and an IHD event (5–7, 12–14). Data from studies incorporating pathologic, angiographic

and intra-vascular ultrasound evidence indicate that IHD events usually result from plaque

rupture on areas of relatively insignificant coronary atherosclerosis (9, 11–15).

Inflammatory and hemostatic blood markers have been implicated in plaque instability and

rupture (5–8). However, these associations have not been clearly established in human

populations. Identifying biomarkers that are elevated before an imminent IHD event could

provide important prognostic information and elucidate mechanisms of these acute events

for the development of future treatment targets.

Several prior studies support the hypothesis that inflammatory and hemostatic biomarkers

may increase acutely during the weeks prior to an acute coronary event. First, investigators

in the Cardiovascular Health Study studied the association of baseline and follow-up

biomarker levels with acute coronary syndrome events in 146 cases and 146 matched

controls. The odds ratio for the association of an elevated D-dimer level for IHD events was

5.0 (95% Confidence Interval =0.60, 42.8) for acute IHD events occurring during the first

year of follow-up but only 1.8 (95% CI=0.80, 4.0) for acute IHD events occurring after the

first year of follow-up (30). Second, an analysis from the Cardiovascular Health Study of

5,828 men and women age 65 and older reported that among women, elevated levels of CRP

were associated with increased cardiovascular disease death rates during the first three years

of follow-up, but not thereafter (31). Among men, elevated levels of CRP were more

strongly associated with cardiovascular disease death that occurred during the first three

years of follow-up, compared to cardiovascular deaths that occurred later. Third, the Quebec

Cardiovascular Study of 2,037 community dwelling men and women reported that elevated

levels of CRP were associated with an increased risk of IHD events during the first two-

years of follow-up but not during subsequent follow-up (32). However, all of these studies

are based on only a single, baseline biomarker measurement. Vidula et al previously

reported that elevated biomarker levels were more strongly associated with near-term than

later-term mortality in a cohort of PAD participants who underwent annual biomarker

measurements (25). In this study, greater increases in levels of CRP, D-dimer, and SAA

were associated with increased mortality compared to lesser increases or declines in these

biomarkers. However, to our knowledge, no prior studies have assembled a large cohort of
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patients at high-risk of IHD events and measured biomarker levels more frequently than

annually to determine whether levels of inflammatory biomarkers increase during the weeks

leading up to IHD events.

The BRAVO study extends prior work by enrolling a cohort of 595 PAD participants and

collecting blood every two months for up to three years. Identifying blood markers that are

elevated shortly before an IHD event is expected to help clarify mechanisms by which

chronic subclinical atherosclerosis transitions into acute coronary syndrome events.

Elucidating this mechanism will improve the ability to identify high-risk patients at risk of

near-term IHD events and lead to improved therapies for prevention and treatment of

coronary events.
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Figure 1. Model for Temporal Associations between Blood Markers and Acute Coronary Events
Theoretical model for the association of short-term increases in inflammatory biomarkers

and D-dimer with short-term risk for acute ischemic heart disease events. Marker levels

increase shortly before and decline soon after an event.
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Table 1

Specific Aims of the BRAVO Study

Specific Aim Analyses Plan/Design

Primary Aim #1 Among participants who experience an acute ischemic
heart disease event, we will determine whether biomarker
levels measured immediately prior to the event are higher
than levels not preceding the event.

Case-crossover design. Analyses will be performed within
the subset of BRAVO participants who experience an
event during follow-up.

Primary Aim #2a We will determine whether participants who experience an
acute ischemic heart disease event (cases) have higher
biomarker levels immediately prior to the event than
participants who do not experience an event (controls).

Case-control study design. Two controls will be randomly
selected among those matched by age, sex, and length of
time in the study.

Primary Aim #2b We will determine whether case participants have greater
increases in biomarkers during the months leading up to the
event, compared to controls.

Case-control study design. Two controls will be randomly
selected among those matched by age, sex, and length of
time in the study.
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Table 2

Exclusion criteria for the BRAVO Study.

Exclusion criteria Justification for exclusion criteria Number of
people

excluded*

1. ABI greater than 0.90 and no documented
evidence PAD

This is a PAD-only study. Individuals with an ABI over 0.90 and no
documented evidence of PAD were not eligible to be enrolled in the study.

97

2. Mini-Mental Status Exam (MMSE) score
lower than 23 out of 30, or other history of
cognitive impairment

An MMSE score of < 23 is an exclusion criterion because these
participants would be unlikely to provide accurate responses to study
questionnaires.

23

3. Refusal to have regular blood draws or
inability to obtain a blood sample at baseline

Participants who refused blood draws or from whom we are unable to
obtain baseline blood samples were excluded because they were unable to
participate fully in the study.

6

4. Coronary or cerebrovascular event during the
previous six months

Persons with a recent cardiovascular event prior to baseline were excluded
since their biomarker levels may have been acutely elevated from the
recent events.

1

5. History of inflammatory arthritis (rheumatoid
arthritis, lupus erythematosus, or polymyalgia
rheumatica, gout within the last 3 months)

Persons with inflammatory arthritis were excluded because inflammatory
arthritis is associated with substantially elevated levels of inflammatory
biomarkers. Associations of biomarker levels with acute coronary
syndrome events may differ in PAD patients with vs. without inflammatory
arthritis

3

6. Not from an acceptable recruitment source In order to be enrolled in the study, participants were to be recruited from
specific medical centers at which the study has IRB approval. If not from
those centers, these individuals were unable to join the study.

1

7. Treatment for cancer other than non-melanoma
skin cancer during the previous 2 years (those
treated for non-invasive breast cancer or prostate
cancer during the previous year were potentially
eligible)

Persons treated for cancer in the two years prior to recruitment were
excluded because they are less likely to survive for follow-up testing and
because undiagnosed, recurrent cancer might affect their circulating blood
marker levels.

0

8. Unintentional weight loss of more than 7.5
pounds in the last six months

Persons with recent and significant unintentional weight loss were
excluded because unintentional weight loss may signify undiagnosed
cancer that could influence circulating biomarker levels.

0

9. Communication difficulty due to language
barriers

Study staff members are not fluent in non-English languages, preventing
accurate data collection from potential participants who did not speak
English.

0

10. Residence more than 40 miles away from the
medical center and unwillingness to travel to the
medical center for every two month blood
collection

Individuals who lived more than 40 miles from the medical center were
excluded, unless they were willing to return to Northwestern medical
center for bi-monthly blood draws.

0

11. Unable to return for follow up testing for ≥ a
consecutive six month period in the next two
years

Individuals who were unable to return for a consecutive 6-month or greater
period were excluded because they would not be able to participate fully in
the study.

0

12. Heart transplant surgery Individuals who have had heart transplant surgery were excluded because
their ECG tracing after surgery and other characteristics of the transplanted
heart preclude identification of a new myocardial infarction.

0

13. Major surgery within the past 3 months Persons who had a recent major surgery have increased levels of
biomarkers. This would interfere with the study data.

0

14. Currently enrolled in a clinical research trial
or another study with the same principal
investigator (MMM)

Persons who are enrolled in a clinical trial or another trial with the study’s
principal investigator were not eligible to join the study so that the study
outcomes would not be affected by this (MMM).

0

*
Numbers shown for scheduled participants who were excluded at baseline only (n=131).
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Table 3

Data Collection at baseline and follow-up in BRAVO.

Measurement Baseline Every
Two

Months

Every Six
Months

Every
Year

Ankle Brachial Index X

Seated Blood Pressure X

LDL and HDL cholesterol, hemoglobinA1C* X

Fasting glucose level** X

Height X

Weight X X

Blood Collection and Storage X X

Patient reported medical history*** X X

Patient reported hospitalizations X X

Electrocardiogram X X

Six-minute and four-meter walking tests X X

Primary care physician questionnaires X X

*
Will be measures for case and matched control samples only

**
Glucose is measured at baseline for non-diabetic participants only

***
Questionnaires address many issues including medication lists/updates and febrile illnesses
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Table 5

Characteristics of cases, controls, and the entire cohort in the BRAVO Study.

Group Total (N= 595) Case (N= 50) Control (N=100)

AGE 68.62 (10.12) 69.78(11.11) 69.69(10.01)

Ankle-brachial index 0.79 (0.33) 0.80(0.36) 0.79(0.29)

Body mass index 29.67 (6.20) 30.70(6.50) 29.93(6.67)

Male sex 64.20 n=382 60.00 n= 30 60.00 n= 60

African American (%) 36.64 n=218 40.00 n= 20 34.00 n= 34

Current/former smoker (%) 86.39 n=514 82.00 n= 41 88.00 n= 88

Diabetes (%) 42.93 n=255 44.00 n= 22 37.00 n= 37

Angina (%) 16.44 n=97 22.45 n= 11 19.00 n= 19

MI (%) 24.11 n=143 38.00 n= 19 21.00 n= 21

Stroke (%) 16.36 n=97 22.00 n= 11 16.00 n= 16

Heart disease (%) 13.95 n=82 24.49 n= 12 12.24 n= 12

Hypertension (%) 82.15 n=488 90.00 n= 45 81.00 n= 81

Cancer (%) 20.71 n=123 22.00 n= 11 16.00 n= 16

Pulmonary disease (%) 31.48 n=187 48.00 n= 24 34.00 n= 34
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