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3. Timeline:
3 months

4. Rationale:

Influenza infection is known to be associated with an increased risk of cardiovascular (CV)
events'. Several studies have reported an increase in CV mortality and acute myocardial
infarction (AMI) during times when influenza was circulating. These results have been
consistent across studies using various measures for AMI, such as autopsy-confirmed AMI
deaths" and 1CD-9 discharge codes, and influenza activity at both the population level
through surveillance data™" and at the individual level with lab-confirmed infection".
Furthermore, a self-controlled case series study in the United Kingdom compared risk of first Ml
and stroke with timing of preceding acute respiratory infection (ARI) and found that MI and
stroke risks were significantly raised 1-3 days after ARI, with incidence ratios of 4.95 (95%Cl.
4.43-5.53) and 3.19 (95%Cl: 2.81-3.62), respectively¥'. This shows a temporal relationship
between infections and CV events, and suggests that influenza and influenza-like illness trigger
AMI as well as stroke.

While many previous studies examining the relationship between influenza and CV disease
have focused on mortality and CV mortality, fewer have explored the extent to which influenza
contributes to CV hospitalizations, especially events associated with congestive heart failure
(HF)'. Among studies that have investigated the relationship between influenza and HF, results
have been inconsistent. A Canadian study examined the impact of influenza on HF hospital
admissions, and found no significant correlation between influenza and hospital admissions for
HF among people over the age of 65. They identified all hospital discharges in Ontario, Canada
with discharge diagnosis International Classification of Disease, Ninth Revision (ICD-9) codes
for HF between 1988-1993"". However, there was no additional adjudication process to confirm
the diagnosis. Another Canadian study explored the impact of influenza on the risk of all cause
hospitalization among patients with congestive heart failure and found that the overall
hospitalization rate was higher during the influenza season compared to non-influenza seasons
(RR=1.08, 95%CI=.01-1.16)"". However, this study population consisted of patients from two

randomized placebo-controlled trials.



The temporal relationship between influenza-like illness and number of adjudicated
hospitalizations for acute heart failure and myocardial infarction has not been previously well

described in a community cohort

5. Main Hypothesis/Study Questions:

Is there a temporal relation between influenza and cardiovascular hospitalization for heart failure
or myocardial infarction in a community cohort? Specifically, we hypothesize that an increase in
influenza-like illness is associated with an increase in the number of hospitalizations for both

myocardial infarction and acute 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).

Study design: Retrospective ecological study

Exposure: The exposure of interest is influenza activity from October 2010 to December 2014,
as indicated by the percent of patient visits to sentinel health care providers for influenza-like
illness (ILI) in Mississippi, Minnesota, Maryland and North Carolina. These data are publicly
available and collected through the U.S. Outpatient Influenza-Like Iliness Surveillance Network

(https://www.cdc.gov/flu/weekly/overview.htm).

Outcomes: Number of adjudicated MI and acute HF hospitalizations among ARIC communities

per month from October 2010 to December 2014 from community surveillance.

Other variables of interest: To account for the potential protective effects of vaccination,
influenza vaccination coverage in each state will also be included in the analysis. The CDC
estimates for monthly influenza vaccination coverage are publicly available and based on several
representative surveys, including the Behavioral Risk Factor Surveillance System (BRFSS), the
National Health Interview Survey (NHIS), and the National Immunization Survey-Flu (NIS-Flu)

(https://www.cdc.gov/flu/fluvaxview/index.htm).
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Data analysis: Since the data are collected over time, events may be predicted by using counts
from prior months, thus violating the assumption of independent observations. To determine if
there is autocorrelation, influenza, MI and HF values will be correlated with values from
previous and subsequent months. The number of MI and HF events will then be cross correlated
with the percent of patient visits for ILI, as well as ILI values from previous months to determine
the appropriate lag. A Poisson regression will be used to further assess the relation between both
MI and HF with influenza with adjustments for monthly vaccination coverage, site, and
autocorrelation.

In addition, a sensitivity analysis will be performed using regional/county-level data from
the 2017-2018 influenza season to estimate how significantly influenza activity differs between

regional and state levels.

Limitations: The individual influenza illness or vaccination status of those hospitalized for HF or
MI is not known. Therefore, we cannot make inferences about the association of influenza and
HF or M1 at the individual level. Additionally, the data on influenza-like illness is available at
the state level, while the HF and M1 hospitalization data is representative of the counties with
surveillance sites. This could bias the results, as influenza activity at the state level may not be
representative of the surveilled counties. To address this limitation, we plan to use
regional/county-level data from the 2017-2018 influenza season to estimate how significantly
influenza activity differs between regional and state levels to perform a sensitivity analysis as

described above.
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