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4. Rationale:



Peripheral arterial disease (PAD) is a marker for increased risk of all cause and
cardiovascular mortality.'” The presence of PAD is also associated with an increased risk of
morbidity from atherosclerotic disease, such as myocardial infarction and stroke.*'® However,
the relationship between PAD and heart failure has been relatively unexplored.

Among patients with prevalent heart failure, PAD is associated with increased risk of
cardiovascular death or heart failure hospitalization.'"'* Heart failure patients with PAD also
had lower baseline exercise capacity, lesser response to exercise training, and worse outcomes."
Few studies have addressed the association between PAD and incident HF. In the
Cardiovascular Health Study of elderly Americans, an ankle brachial index (ABI) <0.9 was
associated with an increased risk for heart failure in those without prevalent CHD (RR 1.61,
95%CI 1.14-2.29), although this was not the case in those with prevalent CHD (1.28, 95% CI
0.90-1.82).* In a secondary analysis of the Heart Outcomes Prevention Evaluation (HOPE),
incidence rates for HF were higher in those with clinical evidence of PAD or ABI <0.9 as
compared to those with normal ABL.'* However, the Cardiovascular Health Study specifically
evaluated an elderly population and the HOPE study recruited patients with known
cardiovascular disease or several cardiovascular risk factors. Thus, the association between PAD
and incident HF in a middle aged, lower risk, community dwelling bi-racial has not been
evaluated.

Proposed mechanisms for the association between PAD and HF include increased
atherosclerotic CAD, left ventricular hypertrophy, and vascular stiffness. Previous studies from
ARIC have demonstrated that an ABI < 0.9 is a marker of atherosclerosis,'>'® however, the
association between PAD and cardiovascular outcomes and mortality is present even in those
without coronary artery disease or when adjusting for prevalent coronary heart disease.
Furthermore, in the Multi Ethnic Study of Atherosclerosis (MESA) abnormal ABI has been
demonstrated to be associated with higher LV mass by cardiac magnetic resonance imaging even
in the absence of other atherosclerotic disease.'” In two cross sectional analyses of patients
referred for PAD evaluation, echocardiography demonstrated a higher prevalence of left
ventricular dysfunction among those with PAD as compared to those without, even in those
without comorbid CAD.'® ' Together these data suggest that the association of PAD with
adverse cardiovascular outcomes, in at least some patients, may be attributable to non
atherosclerotic pathways. Indeed, vascular stiffness as measured by pulse pressure, and even
when controlling for CAD, is an important contributor to the development of heart failure.”” This
association may be mediated by induction of cardiac hypertrophy as well impairments in
coronary blood flow, precipitating ischemia even in the absence of epicardial coronary artery
disease.”'

The ARIC study offers a unique opportunity to explore the relationship between PAD and
incident heart failure in a bi-racial middle aged community cohort. As well, the ARIC study
allows for evaluation of whether the relationship between PAD and incident HF is modified by
atherosclerotic CAD, left ventricular hypertrophy, vascular stiffness, in addition to gender and
race.

5. Main Hypothesis/Study Questions:
Main Objectives:
1) Describe the relationship between ankle brachial index and incident heart failure
2) Describe the relationship between peripheral arterial disease and incident heart failure




3) Assess for effect modification by coronary artery disease, left ventricular hypertrophy,
vascular stiffness, gender, and/or race on the relationship between peripheral arterial
disease and incident heart failure.

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).

This will be a longitudinal study of ARIC cohort participants beginning at visit 1 in whom
ankle brachial index was measured.

Study population
To be included in the analysis the participant must have undergone measurement of ankle
brachial index at visit 1 with available data regarding prevalent and incident heart failure status.
Exclusion criteria include:
e Prevalent or missing HF status at visit 1. (Prevalent HF at visit 1 will be defined by
stage 3 Gothenburg Criteria or use of HF medications).
e Missing HF status in follow up
e Missing information regarding ankle brachial index and/or PAD status at visit 1
e Missing covariate data (BMI, diabetes, hypertension, prevalent CHD, prior stroke,
smoking status, alcohol status, systolic BP, diastolic BP, glucose, left ventricular
hypertrophy by ECG, total cholesterol)
e Non African-American, Non White participants in ARIC as well as African
Americans in the Minneapolis and Washington County cohorts.

Exposure and covariates

Participants will be categorized according to ankle brachial index < 0.90, 0.90-<1.0, 1.0-
<1.10, 1.11 to 1.40, > 1.40. Additionally, participants will also be categorized according to
presence or absence of peripheral arterial disease based upon ABI < 0.9, intermittent claudication
(roseic03), prior carotid endarterectomy (phea07c), prior non-coronary arterial revascularization
(phea07e), prior lower extremity balloon angioplasty (phea0O9b).

Clinical characteristics and outcomes (incident HF) will be compared between categories of
ABI and PAD, based upon data variables collected at visit 1. In particular, clinical variables to
be evaluated include: age, sex, race, Rose claudication, hypertension, use of antihypertensive
medications, diabetes mellitus, coronary artery disease, interim myocardial infarction, lipid
levels, smoking status, body mass index, blood pressure, electrocardiographic left ventricular
hypertrophy, sport index, arterial stiffness assessed via pulse pressure, and renal function/chronic
kidney disease.

Outcome

The primary outcome of interest will be incident heart failure, defined as the first
hospitalization with an ICD-9 code of 428.xx on the discharge summary or death with heart
failure listed as the primary cause on the death certificate. The follow up period will be defined
as the time elapsed from the visit 1 date to the date of incident HF, date of last contact for those
lost to follow-up, or December 31, 2009. A secondary outcome will be the composite of death or
heart failure over the same follow up period described above.



Statistical analyses:

Categorical variables will be compared via %2 or Fischer exact test, while continuous data
will be compared between groups via a non parametric trend test. P values < 0.05 will be
considered significant. Incidence rates for heart failure will be calculated as number of events
divided by person time at risk and will be stratified by race and category of ABI or presence of
PAD. Time to event analysis will be performed according to the Kaplan Meier method with the
log-rank test used to assess for differences. Univariate and multivariate hazard ratios for incident
heart failure will be estimated using Cox proportional hazards regression, stratified by race.
Effect modification by race, gender, coronary artery disease, left ventricular hypertrophy,
physical activity, and arterial stiffness will also be tested. Sensitivity analyses excluding those
participants with prevalent coronary artery disease at baseline will also be performed. Inclusion
of incident PAD as a time varying covariate into regression models will also be performed. We
will also perform these analysis using ABI as a continuous variable.

Limitations

ABI was measured on a single lower extremity and therefore this may reduce the
sensitivity for identifying PAD. Additionally, ABI will only be assessed at visit 1 and thus the
association between ABI and incident heart failure would not take into account the ABI at the
time of incident HF event. Incident HF will be defined from ICD-9 codes from hospitalization
discharge summaries that were not further adjudicated. However, this definition has been
previously validated and utilized in ARIC. Arterial stiffness as assessed by pulse pressure may
be less accurate than those of pulse wave velocity, however, PWV measures were not available
during ARIC visit 1.

7.a. Will the data be used for non-CVD analysis in this manuscript? Yes X No
b. If Yes, is the author aware that the file ICTDERO03 must be used to exclude persons
with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA

analysis RES_DNA = “CVD Research” would be used? Yes No
(This file ICTDERO3 has been distributed to ARIC Pls, and contains
the responses to consent updates related to stored sample use for research.)

8.a. Will the DNA data be used in this manuscript? Yes X No

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating
Center must be used, or the file ICTDERO03 must be used to exclude those with value
RES DNA = “No use/storage DNA”? Yes No

9. The lead author of this manuscript proposal has reviewed the list of existing ARIC
Study manuscript proposals and has found no overlap between this proposal and
previously approved manuscript proposals either published or still in active status.
ARIC Investigators have access to the publications lists under the Study Members Area of
the web site at: http:/www.cscc.unc.edu/ARIC/search.php

X Yes No


http://www.cscc.unc.edu/ARIC/search.php

10. What are the most related manuscript proposals in ARIC (authors are encouraged to
contact lead authors of these proposals for comments on the new proposal or
collaboration)?

1) Timothy P. Murphy, Rajoo Dhangana, Michael J. Pencina, Ralph B. D’ Agostino Sr.
Ankle—brachial index and cardiovascular risk prediction: An analysis of 11,594
individuals with 10-year follow-up. Atherosclerosis 220 (2012) 160-167.

2) Beth D Weatherley, Jeanenne J Nelson, Gerardo Heiss, Lloyd E Chambless, A Richey
Sharrett, F Javier Nieto, Aaron R Folsom and Wayne D Rosamond. The association of the

ankle-brachial index with incident coronary heart disease: the Atherosclerosis Risk In
Communities (ARIC) study, 1987-2001. BMC Cardiovascular Disorders 2007, 7:3.

3)Yang EY, Rubin J, Selvin E, Sharrett AR, Virani SS, Boerwinkle E, Coresh J, Ballantyne
CM, Nambi V. The association between arterial stiffness and incident heart failure and
microvascular disease — an analysis from the ARIC Study. In this analysis the authors
propose to assess the association between vascular stiffness (as measured by carotid
distensibility at visit 2) and incident heart failure. This differs from our analysis, where we
will use pulse pressure as a surrogate for vascular stiffness to examine whether this modifies
the relationship between peripheral arterial disease and incident heart failure.

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any
ancillary study data?
Yes X No

11.b. If yes, is the proposal

A. primarily the result of an ancillary study (list number* )
__ B. primarily based on ARIC data with ancillary data playing a minor role
(usually control variables; list number(s)* )

*ancillary studies are listed by number at hitp://www.cscc.unc.edu/aric/forms/

12a. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the
approval, the manuscript proposal will expire.

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public
has access to the published results of NIH funded research. It is your responsibility to upload
manuscripts to PUBMED Central whenever the journal does not and be in compliance with
this policy. Four files about the public access policy from http://publicaccess.nih.gov/ are
posted in http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms.
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals
automatically upload articles to Pubmed central.

References:


http://www.cscc.unc.edu/aric/forms/
http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, McCann TJ, Browner D. Mortality over a
period of 10 years in patients with peripheral arterial disease. N Engl J Med. 1992;326:381-386

Vogt MT, Cauley JA, Newman AB, Kuller LH, Hulley SB. Decreased ankle/arm blood pressure index and
mortality in elderly women. JAMA. 1993;270:465-469

Leng GC, Fowkes FG, Lee AJ, Dunbar J, Housley E, Ruckley CV. Use of ankle brachial pressure index to
predict cardiovascular events and death: A cohort study. BMJ. 1996;313:1440-1444

Newman AB, Shemanski L, Manolio TA, Cushman M, Mittelmark M, Polak JF, Powe NR, Siscovick D.
Ankle-arm index as a predictor of cardiovascular disease and mortality in the cardiovascular health study.
The cardiovascular health study group. Arterioscler Thromb Vasc Biol. 1999;19:538-545

Feringa HH, Bax JJ, van Waning VH, Boersma E, Elhendy A, Schouten O, Tangelder MJ, van Sambeek
MH, van den Meiracker AH, Poldermans D. The long-term prognostic value of the resting and postexercise
ankle-brachial index. Arch Intern Med. 2006;166:529-535

Golomb BA, Dang TT, Criqui MH. Peripheral arterial disease: Morbidity and mortality implications.
Circulation. 2006;114:688-699

Aronow WS, Ahmed MI, Ekundayo OJ, Allman RM, Ahmed A. A propensity-matched study of the
association of peripheral arterial disease with cardiovascular outcomes in community-dwelling older adults.
Am J Cardiol. 2009;103:130-135

Beckman JA, Jaff MR, Creager MA. The united states preventive services task force recommendation
statement on screening for peripheral arterial disease: More harm than benefit? Circulation. 2006;114:861-
866

Weatherley BD, Nelson JJ, Heiss G, Chambless LE, Sharrett AR, Nieto FJ, Folsom AR, Rosamond WD.
The association of the ankle-brachial index with incident coronary heart disease: The atherosclerosis risk in
communities (aric) study, 1987-2001. BMC Cardiovasc Disord. 2007;7:3

Criqui MH, McClelland RL, McDermott MM, Allison MA, Blumenthal RS, Aboyans V, Ix JH, Burke GL,
Liu K, Shea S. The ankle-brachial index and incident cardiovascular events in the mesa (multi-ethnic study
of atherosclerosis). J Am Coll Cardiol. 2010;56:1506-1512

Taylor-Piliac RE, Fair JM, Varady AN, Hlatky MA, Norton LC, Iribarren C, Go AS, Fortmann SP. Ankle
brachial index screening in asymptomatic older adults. Am Heart J. 2011;161:979-985

Ahmed MI, Aronow WS, Criqui MH, Aban I, Love TE, Eichhorn EJ, Ahmed A. Effects of peripheral
arterial disease on outcomes in advanced chronic systolic heart failure: A propensity-matched study. Circ
Heart Fail. 2010;3:118-124

Jones WS, Clare R, Ellis SJ, Mills JS, Fischman DL, Kraus WE, Whellan DJ, O'Connor CM, Patel MR.
Effect of peripheral arterial disease on functional and clinical outcomes in patients with heart failure (from
hf-action). Am J Cardiol. 2011;108:380-384

Ostergren J, Sleight P, Dagenais G, Danisa K, Bosch J, Qilong Y, Yusuf S. Impact of ramipril in patients
with evidence of clinical or subclinical peripheral arterial disease. Eur Heart J. 2004;25:17-24

Zheng ZJ, Sharrett AR, Chambless LE, Rosamond WD, Nieto FJ, Sheps DS, Dobs A, Evans GW, Heiss G.
Associations of ankle-brachial index with clinical coronary heart disease, stroke and preclinical carotid and
popliteal atherosclerosis: The atherosclerosis risk in communities (aric) study. Atherosclerosis.
1997;131:115-125

Zheng ZJ, Rosamond WD, Chambless LE, Nieto FJ, Barnes RW, Hutchinson RG, Tyroler HA, Heiss G.
Lower extremity arterial disease assessed by ankle-brachial index in a middle-aged population of african
americans and whites: The atherosclerosis risk in communities (aric) study. Am J Prev Med. 2005;29:42-49
Ix JH, Katz R, Peralta CA, de Boer IH, Allison MA, Bluemke DA, Siscovick DS, Lima JA, Criqui MH. A
high ankle brachial index is associated with greater left ventricular mass mesa (multi-ethnic study of
atherosclerosis). J Am Coll Cardiol. 2010;55:342-349

Ward RP, Goonewardena SN, Lammertin G, Lang RM. Comparison of the frequency of abnormal cardiac
findings by echocardiography in patients with and without peripheral arterial disease. Am J Cardiol.
2007;99:499-503

Rizvi S, Kamran H, Salciccioli L, Saiful F, Lafferty J, Lazar JM. Relation of the ankle brachial index to left
ventricular ejection fraction. Am J Cardiol. 2010;105:129-132

Chae CU, Pfeffer MA, Glynn RJ, Mitchell GF, Taylor JO, Hennekens CH. Increased pulse pressure and
risk of heart failure in the elderly. JAMA. 1999;281:634-639

Safar ME, Lacolley P. Disturbance of macro- and microcirculation: Relations with pulse pressure and
cardiac organ damage. Am J Physiol Heart Circ Physiol. 2007;293:H1-7






