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3. Timeline: We will complete the paper by December 2021. We anticipate it will not take 
considerable time to estimate these models. Once models are run, they will be incorporated into 
MICROSIM and disseminated as part of the MICROSIM codebase on GitHub as well as an 
appendix to the MICROSIM development paper.  
 
4. Rationale:  
High BP, particularly in mid-life, increases the risk for cognitive decline and dementia. High BP 
is a common vascular risk factor and a leading contributor to racial/ethnic disparities in health. 
Existing trial data provide only limited insight into the effects of life course BP control on late-
life cognition, dementia, and cardiovascular events given their short duration and limited sample 
of mid-life participants. At the same time, marked racial and ethnic disparities exist both in BP 
control and in vascular and cognitive outcomes. Yet, it is less clear how much racial disparities 
in BP control contribute to societal level differences in CV and cognitive outcomes. 
To explore the societal impact of differing midlife BP treatment approaches, and in particular, to 
assess the effect on late-life racial disparities in CV and cognitive outcomes, we are building a 
population-level simulation model, MICROSIM, based on prior CV1 and dementia2 models 
incorporating data and estimates from a variety of population-level data sources, published risk 
models and meta-analyses of controlled trials. The simulation starts with a large nationally 
representative population of the US population and advances CV risk factors, CV outcomes, 
cognition, and dementia forward over time against different treatment paradigms.  
The current model uses relatively crude assumptions for two elements: 1. Changing vascular risk 
factors over time and 2. Identifying incident dementia. Using cohort study data, we seek to 
enhance these assumptions to improve the overall simulation model. This model will 
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subsequently be used for our primary questions exploring the potential societal level outcomes 
with different BP control strategies and the effect of eliminating racial disparities in BP control 
on cognitive and cardiovascular outcomes. 
The first assumption of the model is that cohort data can be used to better predict change in 
vascular risk factors over time. Our current assumptions use simple one-factor-at-a-time changes 
(i.e., SBP changes by a draw from a normal distribution with a given standard deviation). This 
approach does not, however, maintain the variance structure between risk factors or over time. In 
this proposal, we outline a simple approach to predict subsequent risk factor levels from prior 
risk factor levels as well as all other risk factors in the model to more realistically model changes 
over time while maintaining the variance structure. While many methods could be applied to this 
problem, we have opted for relatively simple regression models as these regression models will 
be incorporated into an existing simulation model built from many other moving parts to 
maximize the validity and reliability of the overall model. 
The second assumption of the model (based on our prior published simulation2)  is that dementia 
is rather crudely assigned based on population-level norms with simple adjustments for cognition 
and education. A more elegant and simpler approach is to use the measures of global cognitive 
performance (GCP) developed in the previously published BP-COG Aim 1 analyses3 to estimate 
individual-level dementia risk.  
 
5. Main Hypothesis/Study Questions: 
NOTE: This is a Methods paper describing the development of an element of a larger simulation 
model and does not have specific Study Questions and Hypotheses. Subsequent papers will 
address BP COG Questions and Hypotheses.  

1. To predict subsequent vascular risk factors given prior vascular risk factors and other risk 
factors. 

2. To predict dementia from known dementia predictors and GCP 
 
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 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) study, and 
Northern Manhattan Study (NOMAS) for years 1971 to 2017. We will require participants to 
have ≥1 measurement of each given vascular risk factor studied at or before the first 
measurement of cognition. For incident Dementia prediction, participants from ARIC, CHS, and 
FOS were used.  
Statistical Analysis — Models to predict Subsequent Vascular Risk Factors and Dementia 
Predicting Change in Vascular Risk Factors over Time in the BP COG cohort for application 
in MICROSIM: 
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For each vascular risk factor (SBP, DBP, HDL, LDL, total cholesterol, triglycerides, creatinine, 
physical activity, BMI, waist circumference) and risk factor treatment (count of BP medications, 
statins, other lipid-lowering medications), we will develop multi-level regression models. Each 
regression model will include lagged values of all other vascular risk factors as well as patient 
age, gender, and time from baseline measurement as covariates. For prior values of the risk 
factor being modeled, we will also include a mean value of all prior measurements as a covariate. 
A random participant level intercept will be included in each model. An appropriate modeling 
framework will be selected in the form of the risk factor being studied (e.g., logistic regression 
for binary factors, linear regression for continuous variables, and Poisson for count variables). 
We will explore log transformation of outcomes, as needed, to optimize model fit and assess 
regression assumptions. Models will be fit in Python using the stats model to incorporate model 
outputs into MICROSIM easily. Data from all cardiovascular cohorts (ARIC, CARDIA, CHS, 
FOS, MESA, and NOMAS) will be included in these models. In MICROSIM, each regression 
model will be used to estimate subsequent values of each vascular risk factor serially over time. 
Predicting Incident Dementia in the BP COG cohort for application in MICROSIM: 
We will use a similar approach for dementia, although in a limited set of cohorts —ARIC, CHS, 
and FOS. We did not use CARDIA and MESA because few dementia cases have been 
ascertained. We did not use NOMAS because they have not ascertained dementia yet.  
First, we will define GCP for each respondent using the approach previously developed in BP-
COG and previously published.3 In brief, this approach harmonized all cognitive measures across 
the 6 cardiovascular cohorts to using item response theory methods such that each individual can 
be assigned an overall value for their level of cognitive performance. These models are then 
applied in the simulation for each person in the study. GCP is estimated by first assigning a draw 
from the random intercept distribution of the published model. Then the product of each patient 
characteristic and regression coefficient is summed with the random intercept to define 
individual level GCP. Within the simulation, then, each simulated individual’s baseline GCP and 
GCP slope can be readily calculated.  
Using pooled individual participant data from ARIC, CHS, and FOS data in the BP COG cohort, 
we propose building a Cox proportional hazard model to estimate the probability of dementia in 
a given year using baseline GCP and GCP slope in addition to known dementia predictors so that 
individual-level dementia risk can be estimated using GCP. Specifically, we will build Cox a 
proportional hazards model including baseline GCP, GCP slope, age, gender, race, cohort, and 
education and predicting time to adjudicated dementia diagnosis. Coefficients and baseline 
hazard data from this model will be incorporated into MICROSIM to assign the risk of dementia 
for each simulated patient each year. 
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