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3. Timeline: All data are currently available. We aim to submit this manuscript to
the ARIC publications committee <6 months from the date of approval of this
manuscript proposal.

4. Rationale:

Early detection and improvements in treatment have lead to dramatic increases in
cancer survivorship, highlighting the importance of non-cancer health-related issues
of this population. Survivors of cancer are increasingly recognized as a population at
increased risk for cardiovascular disease (CVD). Accumulating evidence suggests
CVD is the leading cause of morbidity and mortality in survivors of certain
malignancies (1,2). Excess cardiovascular risk beyond 50 years of age has been well
characterized among survivors of childhood cancer (2). Among women diagnosed
with breast cancer in adulthood, death from CVD surpasses death from cancer
approximately 5-10 years after cancer diagnosis (1). CVD mortality is particularly
common among older women with a history of breast cancer and those with local
disease at the time of diagnosis (3).

Several factors may converge to increase CVD risk among survivors of cancer.
Cancer and CVD share several risk factors, including obesity and diabetes, suggesting
a common biology. Retrospective data have yielded conflicting results regarding the
burden of CVD risk factors at the time of cancer diagnosis likely reflecting
differences in the underlying populations at risk for various malignancies (4,5).
However, it is well established that following diagnosis and treatment of cancer,
patients are prone to decreases in physical activity and weight gain, with high
incidence of hypertension and metabolic abnormalities (6-9). Additionally, several
cancer therapies are associated with cardiovascular toxicities. Traditional cancer
treatments such as radiation and anthracycline-based chemotherapy are known to
cause cardiovascular complications such as coronary artery disease, cardiac
dysfunction and heart failure (10). Additionally, novel targeted therapies are being
increasingly associated with adverse cardiac effects through a combination of on- and
off-target mechanisms (10,11). Lastly, CVD may be associated with worse outcomes
in this population with unique characteristics. For example, cardiac dysfunction from
anthracycline is associated with 3.5 times higher mortality compared to idiopathic
cardiomyopathy and 2-year mortality rates as high as 60%(12).

Data from large prospective cohort studies are needed to rigorously understand the
full burden of CVD after a cancer diagnosis. The Atherosclerosis Risk in
Communities (ARIC) Study offers a unique opportunity to prospectively evaluate the
associations of cancer with various types of CVD and CVD mortality. The current
proposal aims to investigate the rates of CVD events among ARIC participants with a
history of cancer, and test the hypothesis that these patients have increased risk of
CVD events compared to ARIC participants without a history of malignancy.

5.  Main Hypothesis/Study Questions:
Aim:

1. To estimate the risk of incident CVD following a first primary diagnosis of
cancer



2. To compare the risk of incident CVD following a first primary diagnosis of
cancer to the risk of incident CVD among persons without a cancer diagnosis

a) Cancer of any site
b) Common cancers (lung, breast, prostate, or colorectum)
c) Cancer diagnosed at a local or regional/distant stage

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 methodological limitations or
challenges if present).

Study design: We will conduct a prospective cohort study (Figure). Participants
without a history of CVD or cancer will be followed from Visit 1. Individuals will
contribute person-time into the “unexposed” group until the development of: a) CVD
event; b) 1% primary malignancy; or c) end of study follow up. Participants will be
censored at the time of CVD event or end of study follow up. If a participant develops
a 1% primary malignancy prior to censoring, they will be continued to be followed and
contribute person-time after the malignancy into the “exposed” group until
development of CVD event or end of study follow up.
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Exclusions: We will exclude participants with a history of CVD (CHD, HF or stroke)
or cancer at baseline and participants missing data on covariates of interest.

Exposures: The main exposure is a diagnosis of a first primary cancer, which is a
time-varying exposure. Participants will contribute person-time at risk to the “no
cancer” exposure category until a) the time that they are diagnosed with CVD (and
then censored as an event), die, or reach the end of follow-up in 2012, or b) the time
that they are diagnosed with a first primary cancer, at which point they will begin to
contribute person-time at risk to the “cancer” exposure category until they are
diagnosed with CVD, die, or reach the end of follow-up in 2012.

A similar approach will be used for site-specific cancers and cancer stage. Persons
diagnosed with a cancer other than those of interest or a particular stage will
contribute person-time at risk to the no cancer exposure group, and then if the person
did not have CVD, die, or reach the end of follow-up, at the time of diagnosis of



another cancer or other stage, that person will be censored as not being at risk of a
first primary cancer of that type or that stage.

In ARIC, cancer diagnoses were ascertained between 1987 and 2012 via linkage with
state registries in MN, NC, MD, and MS. Additional information was obtained from
medical records and hospital discharge codes. Participants who self-reported a
diagnosis of cancer on one of the follow-up telephone calls were later contacted to
provide additional information and had medical records reviewed. For bladder, breast,
colorectal, liver, lung, pancreas, and prostate cancers not previously identified by
registry linkage, cancer-related hospitalizations were included as cases after review of
medical records. Information about deaths from cancer was obtained from death
certificates where cancer was listed as the underlying cause of death.

Outcomes:

1. Primary outcomes: Incident CVD defined as incident fatal or non-fatal CHD,
HF or stroke. CHD will be defined as definite or probable myocardial
infarction, or definite coronary death; HF defined as death from HF or first
HF-related hospitalization; or stroke as definite or probable stroke, ischemic or
hemorrhagic.

2. In secondary analyses, we will evaluate each of the CVD outcomes (CHD,
HF, or stroke) separately.

Covariates: Demographic variables: age, sex, race-center and education level. CVD
risk factors: smoking status, total cigarette-years of smoking, alcohol use, BMI, LDL
and HDL-cholesterol, triglycerides, use of lipid lowering medications, systolic blood
pressure, use of anti-hypertensive medications, diabetes, estimated GFR, NSAID use
(including ASA), and hormone replacement therapy.

Main Analyses:

1) We will perform univariate comparisons of demographics and cardiovascular risk
factors at Visit 1 between “exposed” and “unexposed” participants (i.e., those
persons who subsequently develop cancer vs. those who do not).

2) We will use Poisson regression to estimate the age, sex, and race-center adjusted
incidence rates of CVD events among individuals classified as “exposed” and
“unexposed” [see Exposure definition].

3) We will use Cox proportional hazards regression models to estimate the hazard
ratios and corresponding 95% Cls for incident CVD comparing the “exposed” and
“unexposed” groups.

4) We will repeat the analyses above stratified by cancer subtype: lung, post-
menopausal (female) breast, colorectal, prostate, and persons with multiple
primary malignancies.

5) Adjustment models:

a. Model 1: Adjusted for age, race-center, sex, educational level

b. Model 2: Model 1 + BMI, LDL-C and HDL-C, triglycerides, use of lipid
lowering medications, systolic blood pressure, use of anti-hypertensive
medications, diabetes, estimated GFR.

c. Model 3: Model 2 + NSAID use and hormone replacement therapy use

Sensitivity Analyses:



1) We will repeat analyses above using CHD, HF and stroke as separate
outcomes.

Limitations:
- We will likely have limited power for analyses of cancer subtype, stage, and in
analyses of other subgroups
- Lack of information on cancer treatments, which may have difference cardiac
toxicities.
- As with any observational study, there is the likelihood of residual
confounding
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