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4. Rationale:

Evidence from epidemiologic research has repeatedly supported the link between
modifiable cardiovascular risk factors (e.g., hypertension, dyslipidemia, diabetes, and
cigarette smoking) and the incidence of CVD'. A substantial body of literature focused
on cardiovascular risk factors has been developed, yet researchers continue to search for
new CVD risk factors'. Recently, Canto and colleagues reported an inverse association
between the number of cardiovascular risk factors and risk of mortality post-myocardial
infarction, speculating that the result could be explained by pathophysiologic processes®.
An accompanying editorial suggested “novel but as-yet uncharacterized and deadly CVD
risk factors™ could explain the study results. However, rather than highlighting the
possibility of novel CVD risk factors, the study better serves to emphasize a key
methodological challenge associated with prospectively studying the effects of
cardiovascular risk factors on mortality. In the study by Canto et al., admission into the
analysis data set was a function of both the exposure (number of cardiovascular risk
factors) and outcome (mortality), since deaths occurring prior to hospitalization and
patients with pre-existing cardiovascular disease were excluded®. Conditioning on a
variable affected by both the exposure and outcome produces a selection bias that will
distort estimates of the risk factors’ association with mortality®. The selection bias is
produced by differential selection from the source population into the analysis data set,
and in this case, it could be so substantial that it even reverses the direction of the
expected association, making a greater number of cardiovascular risk factors appear
protective. Studies of risk factors that are themselves associated with substantial risk of
mortality, such as hypertension, dyslipidemia, smoking, and diabetes are especially
vulnerable to selection bias (Figure 1). To our knowledge, no prior studies have
quantified and corrected for the potential influence of selection bias on the estimated
relation between cardiovascular risk factors and mortality.
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Figure 1. Directed acyclic graph depicting the causal structure underlying selection bias
due to pre-hospital mortality in the relation of CVD risk factors and mortality post-MI.



5. Main Hypothesis/Study Questions:

The objective of the proposed study is to quantitatively examine the influence of
selection bias due to pre-hospital mortality on the estimated association between
cardiovascular risk factors and mortality in ARIC data. Pre-hospital mortality is defined
as any death that occurs after an incident MI but prior to hospitalization. We hypothesize
that among people hospitalized post myocardial infarction, those with a greater number
of cardiovascular risk factors will experience greater mortality (both all-cause and
cardiovascular) over the course of the study follow-up. Additionally, contrary to the
findings of Canto and colleagues, we expect that after accounting for selection bias due to
pre-hospital mortality, there will be a positive correlation between the number of
cardiovascular risk factors and mortality post-MI.

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

The proposed study will use data collected from visit exams of cohort participates from
all four ARIC study sites (Forsyth County, North Carolina; Jackson, Mississippi;
Minneapolis, Minnesota; Washington County, Maryland) between 1987 and 1999.
Follow-up data on mortality will be used through 2010.

In order quantify the magnitude of selection bias due to pre-hospital mortality, the

data set we require for the present study must include the entire ARIC cohort, including
information on all Mls (date of MI) between 1987 and 2010, M1 hospitalization data,
cardiovascular risk factors at all 4 clinic visits, and mortality status up to 2010. Having
information on the entire cohort will enable us to quantify pre-hospital mortality due to
MI.

Additionally, we require demographic information. See below for further information on
the variables required.

Institutional ethics approval has been obtained by the McGill University Research Ethics
Board.

Inclusion/exclusion criteria
Inclusion into the ARIC cohort

Outcome variables
Mortality status up to 2010
Date of death

Cause of death (ICD-9 code)



Other variables of interest:

MI hospitalization data (for each MI that occurred in the study period, including
repeat MIs):

-Date of hospitalization

-MI type (STEMI/NSTEMI)

-Cardiac procedures (stenting, angioplasty, coronary revascularization, CABG)

-Self reported revascularization procedures from the annual follow up dataset

-Killip Class (S3, pulmonary edema, and shock)

Visit 1 Visit 2 Visit 3 Visit 4
Participant 1D X X X X
Study site X X X X
Date of birth X
Gender X
Race X
Marital Status X X X X
Body Mass Index X X X X
Family History of CVD X X X X
Personal History of CVD X X X X
Systolic Blood Pressure X X X X
Diastolic Blood Pressure X X X X
Blood Lipids (TC, HDL, LDL) X X X X
Smoking X X X X
Diabetes X X X X

Summary of data analysis

Inverse probability weighting will be used to examine the effect of censoring due to pre-
hospitalization mortality on the relationship between cardiovascular risk factors and
mortality®. We will develop models of the probability of remaining alive (i.e., not dying
prior to hospitalization) in order to calculate the predicted probabilities of continuation
for each observation. We will then compute analytic weights (inverse probability
weights) using the predicted probabilities of continuation. The primary exposure
variables in the proposed analysis are the four cardiovascular risk factors of interest:
hypertension, dyslipidemia, smoking, and diabetes, as well as family history of
cardiovascular disease. The primary outcome is mortality. We will examine both all-
cause mortality and mortality due to cardiovascular causes. Relevant baseline covariates
will be included in the model, including age, sex, race, marital status, and a modified
Killip class score.

Methodological limitations and challenges

Participants in the ARIC cohort were receiving screening (at clinic visits) every 3 years,
and, as a result, people in the cohort might have a different Ml risk than the general
population. For example, if an individual had very high blood pressure at the screening




visit, they would be informed of their blood pressure value and possibly seek treatment
from their physician, therefore preventing an MI. To verify whether the Ml event rate in
the ARIC cohort is similar to the general population, we will compare event rates in age
strata of the cohort members to event rates in age strata of the community surveillance
data.
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