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4. Rationale:  
 Ischemic stroke is associated with disability after it occurs.  Disability post-stroke can be 
captured by the NIHSS, a standardized algorithm by which physical deficits are enumerated, as 
well as by the modified Rankin Scale, a way to define functional deficits post-stroke. While 
disability can and does occur across ischemic stroke subtypes, there is literature to suggest that 



some specific stroke mechanisms are associated with more severe deficits post-stroke than other 
stroke mechanisms.  
 Cardioembolic stroke (CS), or where the thrombus arises from the heart and travels to the 
brain resulting in stroke, is financially1 and socially costly to patients and their families due to 
high rates of recurrence and the highest rate of mortality compared to other stroke sub-types.2 
Hospital readmission is common for CS, with estimates ranging from 20-27% in the first year3,4 
and CS readmission rates are 40% higher than thrombotic stroke.5 The prevalence of CS is 
increasing in the elderly, who represent a growing population at the highest risk for incident CS.6  
Atrial fibrillation (AF) is the most common cause of CS, and it has been suggested that AF 
associated CS is associated with worse 90-day outcomes and represents the most severe ischemic 
stroke mechanism.7 Finally, CS more frequently occurs in the anterior circulation, where strokes 
are known to adversely impact cerebral structures that are of the utmost importance to both 
cognition and self-care.  
 While CS is known to be severe, and devastating, an important remaining question is 
whether the more direct measures of physical and functional outcome, such as the NIHSS and 
mRS, would differ between strokes of other subtypes. Specifically, do patients with CS and 
similar demographics and vascular risk profiles, have more severe strokes and worse functional 
outcome, to include mortality, than strokes of other subtypes? Clarifying this question will aid to 
better define any discrepancies in stroke care, and will represent a first step in defining the 
pathophysiologic link between stroke mechanism and patient outcome.  
 Another important step in understanding the relationship between CS and stroke outcomes 
compared to other stroke subtypes is the interaction with race and sex. Both sex and race are 
known to differentially impact both cardiovascular disease, and cerebrovascular disease. Women 
have been shown in some studies to have worse outcomes after stroke than men, despite 
adjusting for age. Additionally, adjusting for covariates such as pre-stroke function, while 
reducing these discrepancies, did not account for the differences in other work.8 The interaction 
with race and stroke subtype is also not well understood. Black patients do not have as high a 
prevalence of AF compared to white patients, and among older individuals with AF, the risk of 
death and stroke was higher in black patients, but this was eliminated when adjusting for co-
morbidities.9 
 The main aim of this study is to determine if there is a difference in the severity of stroke on 
admission based on stroke subtype with the specific hypothesis being that embolic strokes, as 
adjudicated and defined in ARIC, will be significantly associated with more severe stroke, 
characterized by a worse NIHSS on admission and a poorer mRS at discharge, or death, 
compared to strokes of all other subtypes, and that this association will differ by race and sex. 
 
5. Main Hypothesis/Study Questions: 
 
Study Aim 1: To determine if there is a difference in stroke severity on admission among ARIC 
participants with non-hemorrhagic strokes by stroke subtype. 
Hypotheses: 
 1. Participants with an embolic stroke (definite and probable embolic stroke, ARIC 
adjudicated and defined) will have a higher NIHSS on admission compared to participants with 
non-hemorrhagic strokes of all other subtypes, independent of demographics and vascular risk 
factors. 



 2. The relative increase in stroke severity, measured by NIHSS, in the participants with 
embolic stroke versus other stroke subtypes will be greater in Black participants compared to 
white participants, independent of demographics and vascular risk factors.   
 3. The relative increase in stroke severity, measured by NIHSS, in the participants with 
embolic stroke versus other stroke subtypes will be greater in female participants compared to 
male participants, independent of demographics and vascular risk factors.   
 
Study Aim 2: To determine if there is a difference in functional outcome after stroke, measured 
by the mRS and mortality, among ARIC participants with non-hemorrhagic strokes by stroke 
subtype. 
Hypotheses: 
 1. Participants with an embolic stroke (definite and probable embolic stroke, ARIC 
adjudicated and defined) will have a poorer mRS at discharge compared to participants with non-
hemorrhagic strokes of all other subtypes, independent of demographics and vascular risk 
factors. 
 2. Participants with an embolic stroke are more likely to dead during study follow up after 
the incident stroke event, than participants with other stroke subtypes, independent of 
demographic and vascular risk factors. We also hypothesize that this difference in mortality 
between stroke subtypes will be mediated by stroke severity. 
 3. The relative increase in mRS in the participants with embolic stroke versus other stroke 
subtypes will be greater in Black participants compared to white participants, independent of 
demographics and vascular risk factors.   
 4. The relative increase in mRS in the participants with embolic stroke versus other stroke 
subtypes will be greater in female participants compared to male participants, independent of 
demographics and vascular risk factors. 
 
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 cohort:  
 The inclusion criteria will be participants in the ARIC study, across all study visits, with 
non-hemorrhagic strokes (ischemic strokes), stroke severity data and complete demographic and 
vascular risk factor data. Participants will be excluded if they have had a previous stroke prior to 
the baseline visit as we are interested in associations with incident, not recurrent stroke. This will 
be a non-concurrent, cross-sectional analysis in the sense that the vascular risk profile will be 
obtained from the ARIC study visit that immediately preceded the stroke event. Demographics 
will be obtained from ARIC baseline.  
 
Stroke Subtype: 
 Stroke is classified in ARIC according to established adjudication guidelines and ischemic 
strokes will be considered in this analysis.  The primary classification will consider non-carotid 
embolic brain infarction (definite and probable) versus strokes of all other subtypes.  In the first 
sensitivity analysis, we will consider each stroke subtype individually, recognizing that this is 
likely to be underpowered. In a second sensitivity analysis, will we exclude participants with 
possible stroke of undetermined type from the comparator group in our binary analysis (embolic 



stroke vs other) to see how this changes effect estimates as it has been hypothesized that some of 
the stroke of undetermined type actually represent an embolic mechanism not currently captured.     
 
Statistical Analysis:  
 Ordinal logistic regression will be used to determine if there is association between NIHSS 
category (minor, moderate and severe as defined below) and stroke subtype, adjusting for 
demographic and vascular risk factors. If the hazards are not proportional between the categories 
of NIHSS, multinomial logistic regression will instead be used.  Ordinal logistic regression will 
also be used to determine if there is an association between categories of discharge mRS (0-2, 3-
5, 6) and stroke subtype, adjusting for demographic and vascular risk factors.  
 A cox proportional hazards model will be used to determine if stroke subtype (embolic 
versus others) is associated with mortality (through December 31, 2019) after incident stroke, 
accounting for demographics and vascular risk factors, and if the effect of stroke subtype on 
mortality is mediated through stroke severity on admission (NIHSS). 
 Ordinal (or multinomial) logistic regression with interaction terms, for race and sex, each in 
separate models, will be used to determine if there is a difference across race or sex in the 
association between stroke severity (NIHSS) and stroke subtype with adjustment for 
demographics and vascular risk factors.  Multivariable logistic regression with interaction terms 
for race and sex, in separate models, will be used to determine if there is a difference in the 
association between dichotomized mRS and stroke subtype.  
 
Study Outcomes: 
NIHSS on admission will be described continuously in the cohort (0-42), but will be categorized 
into minor stroke (NIHSS≤5), moderate severity stroke (NIHSS 6-10) and severe stroke (NIHSS 
≥11) for formal analysis.  mRS at discharge will be categorized (0-2, 3-5, 6).  Mortality will be 
defined as per ARIC, and all-cause mortality will be considered.  In a sensitivity analysis, 
cardiovascular causes of mortality will be considered.  
 
Study Covariates: 
We will include race*center, sex, age, education, prevalent CHD and AF information from ARIC 
baseline.  The other covariates will be obtained from the study visit that immediately preceded 
the incident stroke event.  Specifically, these will be hypertension, diabetes, total cholesterol, 
body mass index and smoking. 
 
AF will be considered in the adjustment model as AF confounds the relationship between stroke 
subtype and stroke severity. However, we acknowledge that AF is one of the reasons that a 
patient may be adjudicated as having an embolic stroke.  Characteristics of patients with and 
without AF and incident ischemic stroke subtype will be described in the manuscript and AF will 
be also added to the final adjustment model in a sensitivity analysis.  
 
Additionally age at the time of stroke, which will be considered continuously in the primary 
model, will be dichotomized into old ≤75yo vs. older >76, and the characteristics of participants 
with each stroke subtype, and stroke severity based on these age categories will be described. 
 
Limitations:  



 We recognize that there are limitations in defining study covariates based on the study visit 
that is closest in time (preceded) the onset of the acute ischemic stroke. We will state this as a 
limitation in the manuscript, but anticipate that the trajectory of these vascular risk factors would 
not have changed dramatically in the years that may have passed prior to the stroke event and 
would still account for some degree of confounding. We will not consider covariates that are 
collected after the incident stroke, as these may have changed as a result of initiation of therapies 
as a result of the ischemic stroke. We recognize that when considering mortality, it may be that 
covariates collected after the stroke event might reflect factors that could impact the relationship 
between stroke subtype and mortality. In order to be consistent across analyses, and recognizing 
that the covariates will not be at the same time of the stroke event, we have chosen to consider 
those immediately prior to the stroke event as most reflective of vascular risk at the time of the 
stroke. 
 
 We also recognize that there may be changes in stroke care across the time in which the 
ARIC study was performed that would independently affect the participant outcome, such as the 
advent of thrombectomy in stroke care circa 2015. The majority of the adjudicated stroke cases 
from ARIC with severity data pre-date this change, and additional manuscripts will address the 
impact of acute interventional therapies on stroke severity. Additionally, intravenous tissue 
plasminogen activator was approved in 1999, and therefore we do not anticipate that this therapy 
would have changed dramatically over the six study visits.  There would not be an anticipated 
difference in administration of IV tPA based on stroke subtype alone, apart from severity, so we 
would anticipate administration to affect all stroke subtypes equally.  
 
 We recognize that there may be cases in which stroke severity data is not available. We 
could consider using multiple imputation, or worst case scenario in which the participants 
without stroke severity data are considered in the severe stroke category (NIHSS ≥11). We 
anticipate this to be a small proportion of cases. 
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