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4. Rationale:

Stroke is the 4th leading cause of death in the United States,* with 795,000 cases in the
U.S. each year.? Ischemic strokes account for approximately 85% of all strokes in the
U.S. and hemorrhagic strokes explain the remaining 15%.% Population-based cohort
studies such as the Atherosclerosis Risk in Communities Study (ARIC) have identified
many long-term risk factors for incident stroke.>> However, relatively little is known
about the short-term triggers of acute ischemic stroke.

Identification of stroke triggers offers potential strategies for stroke prevention during
periods of vulnerability. One hypothesized stroke trigger is infection. Multiple case-
control studies have identified an association between infection and ischemic stroke.®**
Using a case series study design, another study showed that recent upper respiratory and
urinary tract infections were associated with a three-fold increased risk of ischemic stroke
up to three months following infection.*? Using a clever case-crossover design, the
Cardiovascular Health Study identified an association between hospitalization for
infection and short-term risk of ischemic stroke (14-day OR = 8.0, 30-day OR = 7.3, 90-
day OR = 3.4)."® Given these findings, assessing the association between infection and
stroke using a large prospective cohort study like ARIC is warranted. An improved
understanding of post-infection stroke risk could help patients with recent infections and
their clinicians take steps to reduce their otherwise elevated stroke risk.

Studies have shown that stroke risk after acute infection is greater in those with fewer
vascular risk factors.™* ** One study found that atherosclerotic carotid disease modified
the relationship between infection and short-term stroke risk with lower observed risk
among those with advanced atherosclerosis compared to those with low atherosclerosis.*®
The authors hypothesized that acute triggers (such as infection) were less significant in
people with more advanced atherosclerosis since they are already at elevated stroke risk.
Thus, infection may present greater risk for stroke among those with few vascular risk
factors in the general population.

As an extension of this hypothesis, we intend to examine the hypothesis that infection is a
trigger for acute stroke and explore potential effect modification by atherosclerosis and
atrial fibrillation (AF) using data from the ARIC study. Specifically, the ARIC study used
high-resolution B-mode ultrasonography to measure atherosclerosis on the left and right
sides of the common and internal carotid arteries, and at the carotid bifurcation, *° as
reflecltﬁed by the overall mean intima-medial thickness (IMT) based on the six-measured
sites.



To our knowledge, AF has only been identified as an independent risk factor of stroke but
not as an effect modifier between infection and stroke.!” Since studies™*** suggest that the
risk of stroke after acute infection appears to be greater in those with lower vascular
burden, we will evaluate AF as an effect modifier. AF in ARIC is assessed using ECG
readings at cohort visits, ICD-9 hospital discharge codes (427.31) from the patient
medical record, or follow-up survey results.

Data on IMT and AF were ascertained at baseline (visit 1) and again during annual
follow-up calls and follow-up visits. The baseline data are the most complete while the
later visits are likely more reflective of risk status most proximal to the outcome. We will
compare risk factor status as ascertained at baseline to those assessed at later time points
prior to the control periods to examine any changes in the magnitude of the associations
of interest. The objectives of this study are to (1) corroborate the finding that infection is
a trigger of stroke using the ARIC study sample and (2) examine potential effect
modification by carotid atherosclerosis and AF.

5. Main Hypothesis/Study Questions:
(1) - Is infection a trigger of acute ischemic stroke?

We hypothesize that there is an association between infection hospitalization and
subsequent short-term stroke risk: specifically, we anticipate finding higher odds of an
infection hospitalization prior to an ischemic stroke compared to periods without an
ischemic stroke.

(2) - Is carotid atherosclerosis or AF an effect modifier of the relationship between
infection and ischemic stroke?

We hypothesize that infection will be a weaker stroke trigger among patients with other
vascular risk factors including carotid atherosclerosis and AF. We anticipate finding
higher odds of infection hospitalization prior to an ischemic stroke in patients without AF
or lower burden of carotid atherosclerosis compared to patients with AF or higher burden
of carotid atherosclerosis.

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:

Since we are interested in ischemic stroke triggers, we are going to evaluate within-
person exposures (what makes a person more likely to have a stroke at a particular point
in time). We will use a case-crossover study design in which ARIC participants with
ischemic stroke will serve as their own controls. The occurrence of hospitalization for
infection immediately prior to stroke will be compared with preceding time intervals 1
year and 2 years prior to the stroke.



Inclusion/Exclusion:

All study participants who suffered an ischemic stroke while enrolled in the study will be
included. Cases whose control periods occurred prior to study enroliment will be
excluded.

Exposure/Outcome:

The exposure of interest is infection hospitalization up to 90 days before ischemic stroke
for the case period and equivalent 90-day periods exactly 1 and 2 years before the
ischemic stroke for the control periods due to the seasonality of infection rates. The first
day of hospitalization will be considered the first day of infection. Infection will be
assessed using hospital discharge ICD-9 codes. The following ICD-9 codes for infection
hospitalizations will be included:

Respiratory - 460-466,480-487
Assorted - 001-134

Urinary tract - 599.0, 595, 590

Skin and subcutaneous tissue - 680-686
Bacteremia - 790.7

Osteomyelitis - 730.0-730.2

Codes in any position will be counted. The infection date must precede the stroke
hospitalization date. Infections within a hospital within 4 days of a stroke will be
excluded to avoid infections diagnosed secondarily during hospitalization for stroke. The
outcome of interest is ischemic stroke as defined for ARIC (n = 1,062). Like infection,
the hospital admission date abstracted from the patient medical record will be considered
the stroke date. Additionally, we will perform sensitivity analysis using CMS data for
people over 65 and enrolled in Medicare.

Justification:

Several studies have examined the relationship between infections and ischemic stroke.
While involvement of cerebral vasculature through septic embolic (endocarditis) or direct
vascular compromise (cryptococcal meningitis, herpes zoster vasculitis) is well known,
an association between other infections without direct involvement of the CNS (such as
respiratory infections) and ischemic stroke has also been demonstrated. Some proposed
mechanisms include a pro-coagulant state triggered by the inflammatory response to
infections including increased levels of clotting factors such as fibrinogen, inhibition of
natural anticoagulants such as protein C/S, increased production of cytokines which may
alter properties of the vascular endothelium and increased expression of the
thromboplastin by activated monocytes and macrophages. There are no clear biological
pathways mediating hemorrhagic stroke risk and infection and hence we do not intend to
examine this relationship in this study.

Analysis:

The prevalence of exposure 14, 30, and 90-days prior to ischemic stroke will be
compared to the corresponding time periods exactly 1 and 2 years prior to the stroke.
Conditional logistic regression will be used to estimate exposure odds ratios (ORs) and



95% confidence intervals (Cls) for each time period (14, 30, and 90 days). Most fixed
stroke risk factors should not be confounders in the case crossover design though some
risk factors could change status — e.g. smoking cessation could occur or patients could
start antihypertensive medications. Since the risk and control periods are 90 days long,
we do not anticipate that there will be changes in these risk factors within this time
period. We will control for potential confounders that may vary between risk and control
periods (e.g. medication use, smoking status) based on annual follow up and updated visit
data. AF will be analyzed as a dichotomous (yes/no) variable. IMT will be
operationalized separately for men and women using two relative cut points (75" and 95™
percentiles) and analyzed using the three severity groups, <75 percentile, 75M.95h
percentiles, and >95" percentile. Effect modification will be assessed using a two-step
process. Interaction terms for atherosclerosis and AF will be added to models and the
significance of the regression coefficients will be assessed using p-values. When
significant interactions are identified, stratified results will be reported.

Limitations:

Confounding by age is possible because as participants age their stroke risk and
hospitalization for infection increase. To reduce potential confounding, only time periods
proximal to stroke (1 and 2 years previous) will be included. The validity of ICD codes
for hospitalized infection is unknown. Some confounders that vary over the exposure and
control periods assessed (e.g, air pollution, flu shots) are not measured. Since we are
using the hospital admission as the stroke date, stroke dates for patients who do not seek
immediate medical attention may be inaccurate but we believe that this is rare. We could
be under-ascertaining infection because we are only looking at hospitalized infections.
There could well be infections that did not require hospitalization.
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