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4. Rationale:  
The importance of cognitive decline in the general population cannot be overstated. While the 
exact relationships remain to be defined, several mechanisms linking cardiac disease to dementia 
have been proposed.2-4  Subclinical cerebral infarction, or “silent strokes” may occur in the 
setting of either a dilated heart or an arrhythmia, and thereby lead to cognitive decline.5-8  
Alternatively, or complementarily, shared risk factors between the two disease processes might 
alter clearance of cerebral toxins, resulting in accumulation of pathology necessary to cause 
dementia.9,10  Prior work has focused on identifying the contribution risk factors for cardiac 
disease make to poor cognition, with the thought that with proper control of these risk factors, 
cognitive decline might be delayed, or avoided.  However, the impact of a sudden cardiac event, 
such as that which occurs in an acute myocardial infarction (MI), on both cognition at the time of 
the event, and the cognitive trajectory of a patient remains poorly defined.  Additionally, there is 
data to suggest that the impact of MI on cognition might differ between men and women, and 
between races.  The presence of certain vascular risk factors appear to be more important for one 
sex versus the other in the development of vascular cognitive impairment.11,12 Male sex was 
related to cognitive impairment in the REGARDS study and black race was a risk factor for the 
presence of brain amyloid on PET in the ARIC study.12,13 Finally, it may be that there is a 
difference between those who have only had one MI event, versus those who had a second MI 
event and the literature to date has addressed only the cognitive sequela after the first event.  
 
There are limitations in using one single prospective cohort to answer these questions given the 
potential limitations in 1) capturing repeated risk factor data in order to appropriately control for 
confounding, 2) defining the outcome, cognitive decline, in a way that is both accurate and 
generalizable, particularly to racial/ethnic minorities, and 3) having sufficient sample size and 
power to examine effect modification by race and sex.  We propose to leverage six population-
based cohorts of individuals with repeated measurements of important vascular risk factors, such 



as blood pressure, and cognition in order to investigate the extent to which incident MI impacts 
participant cognition at the time of the event and cognitive trajectory after the event.  
 
The main aim of this study is to determine if incident MI, among those without a prior history of 
MI, results in an acute decline in cognitive function at the time of the event as well as a faster 
rate of cognitive decline in the ensuing years when compared to those participants without the 
MI event controlling for risk factors and pre-MI cognitive trajectories.  We will additionally 
examine whether the association between incident MI and cognitive decline varies by race and 
sex, as well as a sensitivity analysis where those with more than one MI event are included. 
 
5. Main Hypothesis/Study Questions: 
How does the trajectory of cognitive decline change at and after incident myocardial infarction 
(MI)? Does this trajectory differ among those with more than one MI event? 
How is this post-MI cognitive trajectory modified by race (black race versus others) and sex? 
 
We hypothesize that those participants with acute MI will have an acute decline at the time of the 
event as well as a faster rate of cognitive decline after the MI event, than those participants 
without an MI event over the years of follow up (time in study) controlling for pre-MI cognitive 
trajectories.  We also hypothesize that the overall decline in cognition will be greater among 
those with more than one MI event compared to those with one MI event, and that the rate of 
change will be modified by race (worse for blacks) and sex (worse for males). 
 
Relevance to approved ancillary study (BP COG): 
Aim 1 of the cohort-approved NIH/NINDS-funded BP COG R01 study is examining the 
associations between race/ethnicity, BP, and cognitive decline in a pooled cohort of ARIC, 
CARDIA, CHS, FOS, MESA, and NOMAS.1 This paper further examines a sequela of 
hypertension by specifically looking at the relationship between MI and cognitive decline. Aims 
2 and 3 of the approved study proposal for NIH/NINDS-funded BP COG R01 involve simulation 
modeling of the association between BP, cognitive decline/incident dementia, and CVD events 
by race/ethnicity. We will examine inclusion of estimates of the association between BP and risk 
of CVD events from both RCTs involving selected patients and also the BP COG pooled cohort 
study involving unselected patients. The simulation model will be used to inform the design of 
RCTs including pragmatic trials of less selected patients. The knowledge gap is it is unclear how 
the trajectory of cognitive decline changes after incident MI in these participants. The proposed 
paper will address this knowledge gap, enable the BP COG simulation model and its results to be 
improved by including cognitive changes associated with incident MI, and also provide useful 
information for researchers and policymakers who work with simulation models. The simulation 
model in BP COG R01 Aims 2 and 3 will be used to inform trials and policies. The prediction 
models will be used for research purposes and not for clinical practice. 
 
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 population: 



We will conduct a pooled cohort analysis using individual participant data from six well-
characterized American prospective cohort studies with repeated measures of BP and cognition: 
Atherosclerosis Risk in Communities Study (ARIC), Coronary Artery Risk Development in 
Young Adults Study (CARDIA), Cardiovascular Health Study (CHS), Framingham Offspring 
Study (FOS), Multi-ethnic study of Atherosclerosis (MESA) and Northern Manhattan Study 
(NOMAS) for years 1971 to 2017. To control for pre-MI cognitive function, we will require all 
participants to have an initial measurement of each outcome. We will require that participants 
with incident MI have at least one measurement of cognition after the incident MI event. 
Because cumulative mean BP is significantly associated with cognitive decline in this pooled 
cohort, we also require all cohort participants to have ≥1 measurement of BP at or before the first 
measurement of cognition. We will exclude participants with cohort-defined incident dementia at 
or before the first measurement of cognition. We will also exclude participants reporting a 
baseline history of MI and those with incident MI or cohort-defined MI at or before the first 
measurement of cognition (one measurement of cognition required before incident MI).   
 
Outcomes: 
The primary outcome will be change in global cognition. Secondary outcomes will be change in 
memory and executive function. Details about the harmonization of the cognitive measures 
across the cohorts have been reported elsewhere.1 To make inferences about cognitive domains 
instead of individual cognitive test items, and to resolve the challenge of different cognitive tests 
administered across the cohorts, we have co-calibrated available cognitive test items into factors 
representing global cognition (global cognitive performance), memory (learning and delayed 
recall/recognition), and executive function (complex and/or speeded cognitive functions) using 
item response theory (IRT) methods that leverage all available cognitive information in common 
across cohorts and test items unique to particular cohorts. In a pre-statistical harmonization 
phase, we have identified 153 test items from 34 cognitive instruments across the cohorts and 
determined shared items between cohorts. Expert neuropsychologists (EMB, BJG) have assigned 
each test item to a cognitive domain. In IRT, each test item is weighted based on its correlation 
with other items and empirically assigned a relative location along the latent trait (e.g., global 
cognition) corresponding to its estimated difficulty. We have computed factor scores from 
models for each domain using the regression-based method in Mplus version 8. Cognitive 
outcomes have been set to a t-score metric (mean 50, SD 10 at a participant’s first cognitive 
assessment); a 1-point difference represents a 0.1 SD difference in the distribution of cognition 
across the 6 cohorts.  
 
Covariates:  
In this analysis, we will carefully consider covariates that could influence the relationship 
between incident MI and cognition. We will use covariate values from each cohort measured 
closest to, but not after the first cognitive assessment. Notably, covariates have been harmonized 
across cohorts by choosing common response categories for categorical variables and converting 
measurements to common units for continuous variables.  
Covariates that will be considered are age (continuous), race/ethnicity (black, white, Hispanic), 
cohort (ARIC, CARDIA, CHS, FOS, MESA, NOMAS), education (eighth grade or less, grades 
9-11, completed high school, some college but no degree, college graduate or more), alcoholic 
drinks per week (none, one to six, seven to thirteen, fourteen or more), current cigarette smoking, 
any physical activity, body mass index, waist circumference, history of atrial fibrillation, fasting 



glucose, low density lipoprotein cholesterol, cumulative mean systolic blood pressure and anti-
hypertensive medication use.  Of note, additional socioeconomic factors that might influence the 
relationship between MI and cognition, such as literacy, quality of education, occupation and 
socioeconomic status, cannot be included because they are either unavailable for all cohorts or 
occur after the first cognitive assessment. 
 
Analysis: 
Participant characteristics will be compared using Wilcoxon Rank Sum test or chi-squared tests 
as appropriate. To estimate the change in cognition among survivors of incident MI, controlling 
for their pre-morbid cognitive trajectories, we will used the methods of Levine DA et al. JAMA. 
2015.14 We will use linear mixed-effects models to estimate changes in each continuous 
cognitive outcome over time before and after incident MI. Models will include time since first 
cognitive assessment and baseline values (measured before or at time of first cognitive 
assessment) of sex, race, age, cohort study, years of school, cigarette smoking, body mass index, 
waist circumference, physical activity, hypertension treatment, fasting glucose, low density 
lipoprotein (LDL) cholesterol and history of atrial fibrillation. We will include time-varying 
cumulative mean systolic blood pressure (SBP), age* follow-up time, sex* follow-up time, race* 
follow-up time, time-varying cumulative mean SBP* follow-up time, and hypertension 
treatment*follow-up time, as well as subject-specific random effects for intercepts and slopes. 
Follow-up time will be treated as a continuous measure defined as years since first measurement 
of each cognitive outcome.  
Model A will include a time-varying incident MI variable to estimate the effect of incident MI on 
the acute decline in cognitive function at the time of the event (the value changes from 0 to 1 on 
the date of the incident MI) because MI might be associated with an acute decline in cognitive 
function. The acute decline in cognitive function at the time of MI will be estimated based on the 
fitted model, which will include the first set of routinely administered cognitive function tests 
after the MI event as well as all other cognitive function tests administered 
before and after MI. For this study, the first cognitive assessment after MI will be considered the 
acute component or early/mid-stage recovery.  
Model B will include the variables from Model A and add a follow-up time after incident MI 
variable to estimate the effect of incident MI on the decline in cognitive function over the years 
following the MI event. We will require that all participants with incident MI have at least one 
cognitive measure after MI to contribute sufficient time to the analysis. We will also assess for 
effect modification by sex and race with interaction terms as appropriate (e.g., race*MI*follow-
up time interaction term and sex*MI*follow-up time interaction term).  
For each outcome, all available cognitive observations will be used in the primary analysis 
except 1) observations after the time of first cohort-adjudicated incident stroke during follow-up 
because incident stroke alters the cognitive trajectory and 2) observations after the time of 
second cohort-adjudicated incident MI during follow-up.  
For the secondary analysis examining whether cognitive decline is greater among those with 
more than one MI event compared to those with one MI event, we will include the observations 
after the time of second cohort-adjudicated incident MI during follow-up. We considered 
examining CABG as a potential mediator of the association between incident MI and long-term 
cognitive decline, however studies suggest that long-term cognitive decline in MI patients who 
undergo a CABG is similar to those who do not have the procedure.15-17 
 



Statistical significance will be set as P<0.05 (2-sided). 
 
Sensitivity Analyses: 
We understand that there may be a selection bias in who remains in the study versus those who 
drop out early in the study, and that poor cognition might result in early study drop out. To 
account for this, we will compare baseline cognitive scores in those who do and do not drop out 
of the study and will determine whether the number of observations per person varies as a 
function of their baseline cognition.  
We will also perform a sensitivity analysis excluding those with atrial fibrillation understanding 
that there is an association between atrial fibrillation and cognitive decline, and participants with 
MI are at increased risk for atrial fibrillation.  It is of interest to understand how much of the 
effect is attenuated (hypothesis) when excluding those participants with atrial fibrillation either 
before or after the incident MI event.  
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