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4. Rationale:

Heart failure (HF) is highly and increasingly prevalent * 23, Although HF survival has
improved over the last decades, long term prognosis remains poor with high rates of
hospitalization and 50% mortality in 5 years 3. Given the high rates of adverse outcomes
associated with HF, there is increasing emphasis on refining strategies for HF prevention,
especially among “at-risk” individuals. For this purpose, the AHA/ACC guidelines have
incorporated a staging system highlighting high-risk populations, classified as Stage A
HF. In the most recent version of this document, Stage A HF included individuals with
hypertension, atherosclerotic disease, diabetes, obesity or metabolic syndrome.

Current guidelines broadly recommend adherence to a heart healthy lifestyle, including
engaging in recommended levels of physical activity as part of strategies to ideally
prevent these HF in these high-risk subgroups. Observational studies have consistently shown
a dose dependent inverse association between physical activity and incident HF. In a recent
systematic review of prospective cohort studies looking into the association of physical
activity or fitness levels and incident HF, each unit increase in MET was associated with
21% lower risk of HF 4. However, complex and distinct mechanisms underlie the HF risk
associations for each of these subgroups. Therefore, it is unclear if the same preventive
strategies will be uniformly protective across these high-risk groups.

In addition to favorable effects on traditional risk factors, physical activity may improve
insulin resistance, inflammation, subclinical myocardial damage and adverse, concentric
ventricular remodeling that underlie the associations between HF and cardiometabolic
conditions such as obesity, diabetes, and metabolic syndrome ®’. On the other hand,
coronary heart disease may lead to HF via distinct mechanisms that involve myocyte
death and replacement fibrosis that may not be reversible through increased physical
activity.

In this analysis of the Atherosclerosis Risk in Communities (ARIC) study, we sought to
evaluate the associations of physical activity with incident HF among subgroups
considered at high risk for incident HF in the current ACCF/AHA guidelines. We
hypothesized that physical activity would be less strongly associated with reduced HF
risk among individuals with prevalent self-reported ASCVD than in other high-risk
subgroups.

5. Main Hypothesis/Study Questions:
Aims:

1) To evaluate the association of each high-risk subgroup as defined by ACC/AHA
guidelines with incident HF



2) To evaluate the association of higher levels of physical activity with incident heart
failure among the various high-risk groups

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).

Study design: We will evaluate the prospective association of physical activity with
incident HF among the various high-risk subgroups.

Exposures: Physical activity level, measured through a modified Baecke physical
activity questionnaire at Visit 1 will be evaluated as an exposure (relationship with HF).
As has been done for prior ARIC analyses, we will convert the Baecke sports indices into
“minutes per week” of moderate or vigorous exercise. Moderate and vigorous exercise
will be defined according to the metabolic equivalent of task (MET) based on the
Compendium of Physical Activities. We will then categorize physical activity according
to the AHA guidelines as “recommended” (>150 min/wk of moderate intensity or >75
min/wk of vigorous intensity or >150 min/wk of moderate + vigorous intensity),
“intermediate” (1-149 min/wk of moderate intensity or 1-74 min/wk of vigorous
intensity or 1-149 min/wk moderate + vigorous intensity), or “poor” (0 min/wk of
moderate or vigorous exercise). We will also model physical activity as a continuous
variable in METS*min/week and use this continuous variable to generate quartiles of
physical activity. We will additionally use physical activity assessed at Visit 3 (6 years
after baseline) averaged with activity from Visit 1 and categorize as quintiles of average
physical activity.

High-risk subgroups will be defined according to ACC/AHA guidelines as persons with
hypertension, obesity, diabetes mellitus, metabolic syndrome, and prevalent ASCVD at
baseline (Visit 1). We will conduct additional analyses considering CHD only, rather than
ASCVD, as the high-risk group of interest.

Outcomes: The primary outcome of these prospective analyses will be incident HF,
defined as hospitalization or death related to HF as identified by ICD codes occurring
after baseline (ARIC Visit 1), until 12/31/16 (or the most recent follow-up available).

Exclusions: We will include Visit 1 participants with data on physical activity and on
other covariates of interest. We will exclude the small number of participants at baseline
who are not black or white. We will exclude participants with known CVD or HF prior to
Visit 1.

Covariates: Age, sex, race-center, smoking status, alcohol use, BMI, systolic blood
pressure, use of anti-hypertensive medications, diabetes, LDL-, and HDL-cholesterol, and
triglycerides.

Main Analyses:



We will perform univariate comparisons of baseline characteristics across
physical activity categories at Visit 1 (poor, intermediate, recommended).
We will use adjusted Cox regression to assess the association of each high-risk
subgroup with incident HF after baseline (Visit 1).
We will construct Poisson models to estimate the incidence rates of HF (at mean
levels of age, sex, race, smoking status and alcohol intake) according to physical
activity category, overall and among each high-risk subgroup. We will also
calculate p for trend across physical activity categories.
Using those with poor activity at Visit 1 as the reference group, we will use Cox
regression to assess whether higher categories of physical activity would be
associated with higher risk of HF in the overall population and among each high-
risk subgroup. We will test for interaction between physical activity and each
high-risk subgroup on the outcome of incident HF. We will perform stepwise
regression to adjust for the covariates of interest as follows:
a. Model 1: Adjusted for age
b. Model 2: Adjusted for Model 1 + sex, race-center, smoking status and
alcohol intake at Visit 1
c. Model 3: Adjusted for Model 2 + systolic blood pressure, anti-
hypertension medication use, diabetes, LDL-, and HDL-cholesterol, and
triglycerides
We will repeat the above analyses in subgroups stratified by demographics (age: >
or <= 60 years, race and gender)

Secondary and Sensitivity Analyses:

1.

2.

We will repeat the analyses above defining those with CHD (rather than the
broader population with ASCVD) at Visit 1 as a high-risk subgroup.

We will construct Cox regression models to assess the association between higher
categories of physical activity and the risk of incident CHD. Then, modeling
incident CHD as a time-varying covariate to account for incident ischemic events
preceding the development of HF, we will perform Cox regression analyses
assessing the association of physical activity with HF risk with time-varying CHD
included in the model. We will also test for an interaction between physical
activity and incident CHD on the outcome of HF.

In further sensitivity analyses, we will use Visit 3 as a new baseline and evaluate
the association of higher quintiles of average physical activity (average of Visits 1
and 3) with incident HF among persons with and without CHD at Visit 3. The
definition of prevalent CHD at Visit 3 will include the presence of prevalent CHD
at Visit 1 and adjudicated CHD cases (fatal and non-fatal M, silent M1 or
coronary revascularization procedure) from Visit 1 through Visit 3.

Limitations:

There is the likelihood for some residual confounding in our efforts to assess the
“independent” association between physical activity and incident HF.

There is the likelihood for some bias in the self-reporting of physical activity
levels.



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 ICTDERO3 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 ICTDERO3 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 No

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)?

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 http://www.cscc.unc.edu/aric/forms/

12. 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.


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

References

1. Schocken DD, Benjamin EJ, Fonarow GC, Krumholz HM, Levy D, Mensah GA, Narula J, Shor
ES, Young JB, Hong Y, American Heart Association Council on E, Prevention, American Heart
Association Council on Clinical C, American Heart Association Council on Cardiovascular N, American
Heart Association Council on High Blood Pressure R, Quality of C, Outcomes Research Interdisciplinary
Working G, Functional G and Translational Biology Interdisciplinary Working G. Prevention of heart
failure: a scientific statement from the American Heart Association Councils on Epidemiology and
Prevention, Clinical Cardiology, Cardiovascular Nursing, and High Blood Pressure Research; Quality of
Care and Outcomes Research Interdisciplinary Working Group; and Functional Genomics and
Translational Biology Interdisciplinary Working Group. Circulation. 2008;117:2544-65.

2. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ, Dai S, Ford ES, Fox CS,
Franco S, Fullerton HJ, Gillespie C, Hailpern SM, Heit JA, Howard VJ, Huffman MD, Judd SE, Kissela
BM, Kittner SJ, Lackland DT, Lichtman JH, Lisabeth LD, Mackey RH, Magid DJ, Marcus GM, Marelli A,
Matchar DB, McGuire DK, Mohler ER, 3rd, Moy CS, Mussolino ME, Neumar RW, Nichol G, Pandey DK,
Paynter NP, Reeves MJ, Sorlie PD, Stein J, Towfighi A, Turan TN, Virani SS, Wong ND, Woo D, Turner
MB, American Heart Association Statistics C and Stroke Statistics S. Heart disease and stroke statistics--
2014 update: a report from the American Heart Association. Circulation. 2014;129:e28-e292.

3. Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, Killian J, Yawn BP and Jacobsen
SJ. Trends in heart failure incidence and survival in a community-based population. JAMA. 2004;292:344-
50.

4. Echouffo-Tcheugui JB, Butler J, Yancy CW and Fonarow GC. Association of Physical Activity or
Fitness With Incident Heart Failure: A Systematic Review and Meta-Analysis. Circulation Heart failure.
2015;8:853-61.

5. Kraigher-Krainer E, Lyass A, Massaro JM, Lee DS, Ho JE, Levy D, Kannel WB and Vasan RS.
Association of physical activity and heart failure with preserved vs. reduced ejection fraction in the elderly:
the Framingham Heart Study. Eur J Heart Fail. 2013;15:742-6.

6. Gielen S, Schuler G and Adams V. Cardiovascular effects of exercise training: molecular
mechanisms. Circulation. 2010;122:1221-38.
7. Zalesin KC, Franklin BA, Miller WM, Peterson ED and McCullough PA. Impact of obesity on

cardiovascular disease. Med Clin North Am. 2011;95:919-37.



