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4. Rationale: Reliable estimates for the risk of dementia and MCI after stroke are required to
inform clinicians, researchers and policymakers. The study of potential effects of clinical
characteristics of stroke, among them severity of stroke, on the association between stroke and
cognitive function is crucial and will become even more important with the expected global
increase in the proportion of older populations. Data from the population-based Faenza
Community Aging Study showed increased risk of dementia and cognitive impairment/no



dementia (CIND) in participants with stroke. Moreover, these associations were stronger in
individuals 61-74 years than 75+ years old®. Cognitive impairments affect up to one-third of
stroke survivors? and pooled estimates of stroke-associated dementia show that about 25% of
stroke patients develop incident dementia during the first year after stroke®. The association
between stroke severity and dementia after stroke has been studied in the population-based
Oxford Vascular Study (OxVasc). The 1-year standardized morbidity ratio for incident dementia
was 47.3 (95% CI 35.9-61.2) for severe stroke (NIHSS score >10), 5.8 (4.4-7.5) for minor stroke
(NIHSS score <3), and 3.5 (2.5-4.8) for transient ischemic attack, compared with the UK age-
matched and sex-matched population. Substantial variation in the risk of dementia after stroke by
age and stroke severity was observed: the 5-year cumulative incidence of dementia ranged from
0% for patients <65 years old diagnosed with TIA to over 80% in patients =75 years old
diagnosed with a major recurrent stroke®. Gender, level of cognitive function before stroke, acute
interventions at time of stroke, hemoglobin level and APOE &4 status, as well as imaging
characteristics of the stroke itself and evidence of microvascular brain disease, are additional
factors that have been associated with risk of cognitive impairments or dementia after stroke®.
Assessment of cognitive function in stroke survivors is challenging. First, consideration of the
time frame of development of dementia post-stroke must be considered, as early changes may
not represent true dementia. Secondly, aphasia, neglect and some level of global cognitive
dysfunction might be present after stroke; therefore, comprehensive cognitive neurological
assessment is recommended *. Such an assessment is conducted in ARIC-NCS since 2011-2013
(visit 5). The extensive neuro-cognitive evaluation includes three ARIC cognitive instruments
that have been administered since ARIC visit 2 (Delayed Word Recall Test, Digit Symbol
Substitution Test from the Wechsler Adult Intelligence Scale -Revised, and the Word Fluency
Test); a comprehensive neuropsychology test battery, Logical Memory Immediate and Delayed
recall, and Incidental Learning from the Wechsler Memory Scale-111, Trail-making Test parts A
and B, WAIS-R Digits Span Backward, Boston naming test, Animal naming fluency and the
Mini-Mental State Examination (MMSE). The comprehensive evaluation in ARIC is an
important advantage over other cohort studies. For example, in OxVasc, cognitive function was
assessed with MMSE and Montreal Cognitive Assessment, or diagnosed based on medical
records. Also, the algorithm used in ARIC-NCS to standardize and describe the diagnoses of
cognitively normal, MCI, or dementia® allows for evaluation of progression from normal
cognitive function to MCI and to dementia. The study of rate of progression is essential based on
previous findings suggesting that stroke survivors may progress faster from MCI to dementia®
and MCI is a significant predictor of dementia in stroke survivors®.

ARIC includes broad data on prevalence and treatment of midlife risk factors; therefore studying
possible long-term effects of risk factors on the association between stroke and cognitive decline
will be possible, as will be the ability to study an independent effect of stroke on dementia
(independent of underlying shared risk factors). Data on stroke severity were not prospectively
collected in ARIC. In December 2018, we initiated a large project aimed at retrospectively
collecting data on severity in stroke events occurring among ARIC participants. Stroke
hospitalization blinded charts of all incident and recurrent events adjudicated in ARIC as definite
or probable ischemic or hemorrhagic (intracerebral hemorrhage- ICH and subarachnoid
hemorrhage- SAH) stroke were reviewed and data on stroke severity were abstracted using an
algorithm valid for retrospective assessment of the National Institute of Health Stroke Scale
(NIHSS) score across the entire scale spectrum’ 8. Using all the data available in ARIC on stroke
incidence, severity, cognitive function and risk factors, we aim to assess the risk of dementia and
MCI after incident stroke, and study differences in risks by severity of stroke, assessing potential
effects of midlife risk factors.



5. Main Hypothesis/Study Questions:

1. Stroke is associated with increased risk of dementia. This will be true for either ischemic or
hemorrhagic (intracerebral hemorrhage, ICH) stroke, with stronger associations for ICH than
ischemic stroke.

2. Among individuals with ischemic stroke, stroke severity by NIHSS category is positively
associated with risk of dementia.

3. Stroke is associated with increased odds of MCI, with similar hypothesized associations by
stroke type as in #1.

4. Among individuals with stroke, stroke severity by NIHSS category is associated with
increased odds of MCI.

5. Examine if the associations are uniform across categories of sex, age, race, education, and
APOQE e4 status.

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: Survival analysis of risk of dementia associated with stroke incidence as a time
dependent variable. We will allow for multiple strokes. Participants with dementia diagnosis
before stroke will be counted in the non-stroke group. Sensitivity analysis using a discrete-time
logistic regression model with a complimentary log-log link will be performed to look for
consistency, since in ARIC, Level 3 dementia diagnosis is determined in part by assessments
conducted at clinic visits. Also as sensitivity analysis, stroke severity will be considered in
separate models, quantified in the majority of strokes. Stroke severity will be stratified according
to the NIHSS score as follows: minor stroke (NIHSS<5), including the majority of the strokes,
mild to moderate stroke (NIHSS 6-10) and moderate to severe (NIHSS>11 and NIHSS>16)
stroke. MCI risk will be analyzed similarly, but the need for visits to quantify MCI means the
analysis will be logistic with grouped time incidence for MCI. We will use multinomial logistic
regression for the analysis of MCI.

Exclusion Criteria: We will exclude ARIC participants with prevalent stroke at ARIC baseline
(1987-1989), as well as participants with missing information on the main covariates in
multivariable models.

Exclusion of cerebrovascular events other than ischemic stroke, ICH and SAH, as well as events
with data not sufficient to categorize severity according to the previously defined categories, will
be considered to avoid undue influence on the non-stroke group. They will be modeled as a
separate exposure.

Definition of outcomes: Dementia and MCI defined according to ARIC criteria. In participants

with stroke, dementia or MCI after stroke will be reported if diagnosed =1 year after incident
stroke in order to exclude cases of acute changes in cognitive function after stroke.

Main covariates: Time from baseline to diagnosis of dementia with stroke incidence considered
as a time dependent covariate. Models will be adjusted for baseline age, sex, race/center, APOE
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4 status, education, and time-varying age at stroke, smoking, BMI, diabetes, systolic blood
pressure, total cholesterol, anti-hypertensive medication and statin use. In sensitivity analyses,
we can consider baseline cognition (measured at visit 2), and accordingly in this sensitivity
analysis would consider other covariates at visit 2 instead.

Summary of data analysis:

Hypotheses 1&2 will be studied with Cox proportional hazards models. Follow-up time will be
from baseline to first diagnosis of dementia, death, loss to follow-up, or administrative censoring
on December 31st, 2018, whichever occurs first. Models will include the above covariates and in
sensitivity analyses we will adjust for the competing risk of death. For hypothesis 1, risk of
dementia will be assessed with incident stroke modeled as a time dependent covariate comparing
time after stroke to time without a history of stroke. Ischemic stroke and intracerebral
hemorrhage will be considered both together as well as in separate models. For hypothesis 2, we
will tabulate risk among stroke individuals by severity categories: mild to moderate stroke
(NIHSS 6-10) and moderate to severe stroke (using both definitions NIHSS>11 and NIHSS>6)
compared with minor stroke (NIHSS<5), and restrict our primary analysis to individuals with
ischemic stroke. In a sensitivity analysis, we could also model stroke severity using an
interaction term between stroke incidence (0/1 time dependent variable) and severity category
(namely severity is only assigned to stroke cases). In the minority of cases where severity scores
are unavailable, we could use multiple imputation.

Hypotheses 3&4 for MCI will be modeled similarly to hypothesis 1 & 2 for dementia with the
main distinction that we will use logistic regression models for MCI as outcome. We will need to
consider the censoring impact of dementia (and associated death or missed visits) in analyzing
subsequent MCI as an outcome.

Stratified analyses will be conducted by age of stroke (< >75 years according to previous
publications?) and 2 stroke severity categories (severe stroke vs. other). We will assess potential
effect modification by age at time of stroke, race, sex and APOE &4 status.

Anticipated challenges: Sub-group analyses might be limited due to power considerations.
Informative censoring is a recurrent challenge in analyses of dementia and we will consider the
approaches of MICE and IPAW discussed at ARIC NCS analysis calls. Individuals with stroke
have shorter survival aggravating the informative censoring issues and hence we will quantify
the association of stroke with both mortality and missed visits to understand this issue in detail.
An important limitation in the analysis of MCI is that in ARIC, MCI was diagnosed only after
visit 5.
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