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3. Timeline:   
 
The proposed analysis will utilize currently available data. Analysis, abstract submission, and 
manuscript creation will take place in the 6-12 months following manuscript proposal approval. 
 
4. Rationale:  
 
A large body of research indicates that over 80% of stroke-related disability-adjusted life years 
globally are attributable to modifiable risk factors.1 Furthermore, an estimated 45% of dementia 
cases could be prevented by adequate risk factor control.2 The Brain Care Score (BCS) was 
developed as a tool to engage individuals in addressing 12 shared modifiable risk factors for 
dementia and stroke. The BCS consists of four physical components (blood pressure, Hb1Ac, 
body mass index, cholesterol), five lifestyle factors (nutrition, physical activity, smoking, 
alcohol, sleep), and three social-emotional factors (relationships, stress, and purpose in life).3 To 
assess the prospective validity of the BCS, Cox proportional hazard models were performed 
amongst approximately 400,000 UK Biobank participants with a median follow-up of 13 years.4 
Statistically significant and clinically meaningful associations between an increased BCS at 
baseline and decreased incidence of stroke and dementia were found: a five-point higher BCS at 
baseline was associated with a 48% (HR: 0.52 [95% CI: 0.44–0.61]) lower incidence of stroke 
and a 59% (HR: 0.41 [95% CI:0.28–0.60]) lower risk of dementia among individuals aged ≤50 
years at baseline, with similar findings among older aged individuals.4 In a subgroup analysis 
using polygenic risk scores for stroke and APOE status for dementia, a higher BCS was 
associated with a decreased risk of stroke and dementia across all genetic risk strata.5 A 5-point 
higher BCS at baseline was associated with neuroimaging markers of small vessel diseases 
(SVD), including with a 25% lower white matter hyperintensity volumes, 18% higher fractional 
anisotropy, and 9% decreased mean diffusivity.6 The validation of the BCS’ associations with 
stroke has been replicated in diverse populations, showing similar risk reductions in the 
Women’s Health Study (43% [HR: 0.57, 95%CI:0.47-0.68] lower risk of stroke or TIA)7, 
COSMOS database (36% [HR: 0.64, 95%CI:0.48-0.84] lower risk of stroke)8, and REGARDS 
Cohort (53% [HR: 0.47, 95%CI:0.36–0.61] lower risk of stroke in Black and 25% [HR:0.75, 
95%CI:0.62–0.92] lower risk of stroke in White individuals; in press).  
 
These validation studies of the BCS have relied almost exclusively on cross-sectional BCS 
measurements, demonstrating that a higher BCS at a single timepoint is associated with 
substantially lower risk of incident stroke, dementia, cognitive impairment, and small vessel 
disease across multiple cohorts. However, the modifiable risk factors in the BSC fluctuate 
substantially over the life course, and individuals frequently transition between risk strata as their 
health behaviors and clinical factors change.2,9,10 As the BCS is intended not only as a risk-
assessment tool but also as an ongoing behavioral and clinical monitoring framework, it is 
essential to determine whether changes in BCS over time—rather than baseline levels alone—are 
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associated with long-term brain health outcomes. The ARIC Study offers a uniquely powerful 
setting for this longitudinal validation. ARIC’s extended longitudinal depth enables evaluation of 
i) trajectories of BCS scores across life stages and ii) how improvements or declines in BCS are 
associated with subsequent risk of stroke and dementia. This work will give insight into the 
critical timing of modifiable risk factor control. Longitudinal validation in ARIC will therefore 
address key unanswered questions about the temporal dynamics of the BCS, establish its utility 
as a repeated measure for population surveillance and intervention tracking, and strengthen its 
foundation as a tool for promoting lifelong brain health. 
 
5. Main Hypothesis/Study Aims:   
 
Aim 1: Describe trajectories of BCS scores from mid-life through late life (using data from Visit 
2 through Visit 11). 
 
Aim 2: Evaluate associations of BCS trajectories from mid-life through early late life (using data 
from Visit 2 through Visit 5) with incident stroke and dementia (occurring post-Visit 5). 
 
6. Design and analysis - please address the following aspects: 
 
a) Inclusion/exclusion 
 
Visit 2 is the first visit where there is information on all BCS components. All ARIC Study 
participants who attended Visit 2 will be included in Aim 1. All ARIC Study participants who 
attended Visit 5 without prevalent stroke or dementia will be included in Aim 2. 

 
b)  Study design 
 
Prospective cohort study. Aim 1 will use data from Visit 2 through Visit 11. Aim 2 will use data 
from Visit 2 through Visit 5 to define the BCS with follow-up post-Visit 5 extending through the 
latest administrative censoring date. 

 
c) Outcome and other variables of interest with specific reference to the time of their 

collection 
 
Brain Care Score (BCS): The BCS (range of possible scores: 0-21, where higher scores are 
indicative of better health) will be calculated using data from each in-person visit, starting at 
ARIC Visit 2 (1990-1992). 
 
The BCS contains four physical components (blood pressure, Hb1Ac, body mass index, 
cholesterol), which are scored as follows:3  
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In ARIC, blood pressure is measured at every in-person visit and will be scored identically to 
the BCS instructions above. Sitting blood pressure was measured 2-3 times after a 5-minute rest 
period, using a random zero sphygmomanometer; two of the measurements were averaged and 
will be used in analyses. Blood sugar will be modified from the BCS instructions above as 
HbA1c is not available at all in-person visits. HbA1c will be scored in accordance with the BCS 
instructions (at visits where it is available). At visits where HbA1c is not available, we will 
consider fasting glucose (which is available at all study visits), scored as 0 for ≥126 mg/dl, 1 for 
100-125 mg/dl and 2 for <100 mg/dl. Serum blood glucose levels were measured using the 
hexokinase/glucose-6-phosphate dehydrogenase procedure and HbA1c was measured using the 
Tosoh 2.2 Plus HPLC instrument and the Tosoh G7 HPLC instrument. Cholesterol and body 
mass index are measured at every in-person visit and will be scored identically to the BCS 
instructions above. Total cholesterol was measured using standardized enzymatic methods and 
cholesterol-lowering medication use within the past two weeks was assessed by self-report or 
from prescription bottles. BMI was calculated as weight (kg) divided by height squared (m2). 
 
The BCS contains five lifestyle factors (nutrition, physical activity, smoking, alcohol, sleep), 
which are scored as follows:3  
 



J:\ARIC\Operations\Committees\Publications  September 2023 Version  
 

 
 
In ARIC, nutrition data was collected at Visit 1, Visit 2, and Visit 3 using a modified version of 
the 66-item Harvard food frequency questionnaire11, which asks participants how frequently they 
eat certain quantities of specific foods (scored as > 6 per day, 4–6 per day, 2–3 per day, 1 per 
day, 5–6 per week, 2–4 per week, 1 per week, 1–3 per month, and almost never). We will modify 
the BCS scoring above to 2-3 servings per day for whole grains as there is not an option for 3+ 
servings per day; other dietary habits will be scored according to the BCS instructions. Alcohol 
consumption is self-reported at all visits and will be scored in accordance with the BCS 
instructions. Smoking is self-reported at all visits, but ARIC does not have information on how 
long ago someone quit smoking, so we will modify the scoring to 0 for current smoker and 3 for 
former or never smoker. Physical activity was ascertained at Visit 1, Visit 3, and Visits 5-7 
using the Baecke questionnaire.12 The self-reported answers to this questionnaire were converted 
to metabolic equivalents (METs) per the Compendium of Physical Activities, and weekly 
minutes of moderate-to-vigorous physical activity was calculated by multiplying the duration of 
weekly physical activity by the number of months per year. We will modify the BCS scoring 
above to 1 point for at least 150 minutes of aerobic moderate or vigorous intensity per week, 
with intensity based on reported activities of at least 3 METS, and 0 points for less physical 
activity.13 Information on sleep was self-reported via several different questionnaires at different 
in-person visits; sleep scores will be modified from the BCS scoring above. At Visit 2, sleep 
quality was assessed using the first three questions of the Maastricht Vital Exhaustion 
Questionnaire14: 1) Do you often feel tired? 2) Do you often have trouble falling asleep? and 3) 
Do you wake up repeatedly during the night? If participants answered at least one of these 
questions with a “yes,” they will receive a score of 0, if all questions were “no,” the score will be 
1. At Visits 5, 6, 9, and 10, we will use the question, “my sleep was restless” from the Center for 
Epidemiologic Studies Depression Scale (CES-D)15, with “yes” receiving a score of 0 and “no” 
receiving a score of 1. At Visits 6, 7, and 11, we will also incorporate the Epworth Sleepiness 
Scale (ESS), which is a self-reported measure of daytime sleepiness that correlates strongly with 
sleep disorder diagnosis and OSA severity.16 ESS scores range from 0 to 24 with a score ≥11 
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representing excessive daytime sleepiness, which will receive a BCS score of 0 and ESS scores 
<11 will receive a BCS score of 1. 
 
The BCS contains three social-emotional factors (relationships, stress, and purpose in life), 
which are scored as follows:3 
 

 
 
In ARIC, most of the social emotional factors will require modification in the scoring. Stress 
was assessed at Visit 2 using the question “Do you have the feeling that you can’t cope with 
everyday problems as well as you used to?” from the Maastricht Vital Exhaustion 
Questionnaire.14 This question can be answered as yes or no; yes will result in a score of 1.5 and 
no will result in a score of 0. At Visits 5 and 6, stress was assessed with the question, “How 
much of the time during the past week did you feel calm and peaceful?” This question will be 
scored as a 0 for answers of “none of the time” or “a little of the time,” a 1 for answers of “some 
of the time,” or “a good bit of the time,” and a 2 for answers of “most of the time,” or “all of the 
time.” Social relationships were assessed at Visit 2 using the Interpersonal Support Evaluation 
List17 questions “how many relatives do you feel close to? that is, how many of them do you feel 
at ease with, can talk to about private matters, or can call on for help?” (variable: hpaa21) and 
“do you have any close friends? that is, do you have any friends with whom you feel at ease, can 
talk to about private matters, or can call on for help?” (variable: HPAA22). These questions have 
answer choices of 0, 1, 2, 3-4, 5-8, 9+ and will be scored in accordance with the BSC scoring 
above.  
 
At Visits 5 and 6, social relationships will be using the following 2 questions” “Can you count on 
anyone to help you when you need to make difficult decisions or talk problems over?” and” Can 
you count on anyone to help you with daily tasks like grocery shopping, housecleaning, cooking, 
telephoning or giving you a ride?” These questions will be scored as a 0 for “yes” and 1 for “no.”  
Meaning in life was assessed at Visit 2 using the Interpersonal Support Evaluation List17 
question, “how satisfied are you with the meaning and purpose of your life?” (variable: 
HPAA02). This question was answered on a 0 to 10 scale, with 0 being most satisfied. Scores <5 
will be scored as 0 and scores ≥5 will be scored as 1. At Visits 5, 6, 9, and 10, we will use the 
CES-D question, “I enjoyed life” with responses of “much or most of the time or some of the 
time” being scored as 0 and responses of “hardly ever or never” being scored as 1. 
 
Stroke: Possible stroke events were identified via surveillance of hospitalizations occurring in 
ARIC study communities and self‐report of hospitalizations during telephone follow‐up calls 
(after which medical records were obtained), and, for deaths, by linkage to State vital statistics 
registers and the National Death Index.18,19 These possible stroke events were identified using 
International Classification of Diseases, Ninth Revision (ICD‐9) codes 430–438 and 
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International Classification of Diseases, Tenth Revision (ICD‐10) codes G45.X, I60.X, I61.X, 
I62.X, I63.X, I65.X, I66.X, I67.X. Stroke events were preliminarily classified by a computer‐
generated algorithm, with adjudication by study physicians. Definite/probable all-cause 
(ischemic, hemorrhagic) stroke will be the outcome used in the present analyses. 

 
Dementia: The ARIC study uses a 3-level dementia ascertainment protocol20. Level 1 includes 
adjudicated dementia status defined from in-person cognitive evaluations starting at ARIC visit 5 
(2011-2013). Level 2 adds telephone data from participants who did not attend visit 5 or later 
visits and data from informants of participants who died. Level 3 adds continuously collected 
dementia cases identified from hospitalization ICD-9/10 codes or death certificate codes. Level 3 
dementia will be the outcome used in the present analyses because it is available over the entire 
study duration and is not dependent on visit attendance, which minimizes potential biases due to 
attrition and the competing risk of death. 
 
Covariates: In Aim 2, we will adjust for the following covariates in our statistical model: age 
(continuous, years), sex (male; female), race/center (MN White race; MD White race; NC White 
race; NC Black race; MS Black race), education (less than high school; high school or vocational 
school or GED; some college or more), and APOE ε4 genotype (0 alleles; 1 or 2 alleles). We will 
also consider adjustment for baseline BCS score. 

 
d) Summary of data analysis  
 
Aim 1: Population characteristics at analysis baseline (Visit 2) will be calculated as means and 
standard deviations for continuous normally distributed data, medians and 25th-75th percentiles 
for continuous non-normally distributed data, and numbers and percentages for categorical data. 
The BCS will be calculated for each participant at each visit that was attended using data from 
Visit 2 through Visit 11 – if a component is not available at a visit, the last observed data for that 
factor will be carried forward. Next, we will explore trajectories of BCS descriptively within 
individuals over time using several approaches: 1) to evaluate individual-level variability, we 
will visualize randomly sampled spaghetti plots and use heatmaps to show patterns overtime, 2) 
to obtain population level trajectories, we will obtain marginal means (95% CIs) at each visit 
from linear mixed effects models with random intercept, random slopes, and unstructured 
covariance matrix. In this model, we will consider non-linearity using spline or quadratic terms. 
3) to explore subgroup patterns, we will create distribution-based categories for changes in 
scores over time (e.g., stable, increasing, decreasing, etc.). Alternatively, we could consider 
latent class growth models.  
 
Aim 2: Population characteristics at analysis baseline (Visit 5) will be calculated as means and 
standard deviations for continuous normally distributed data, medians and 25th-75th percentiles 
for continuous non-normally distributed data, and numbers and percentages for categorical data. 
The BCS will be calculated for each participant at Visits 2, 3, 4, and 5 – if a component is not 
available at a visit, the last observed data for that factor will be carried forward. We will obtain 
individual level slopes of the BCS from Visit 2 through Visit 5 from linear mixed effects models 
with random intercept, random slopes, and unstructured covariance matrix. In this model, we 
will consider non-linearity using spline or quadratic terms. The individual level slopes of the 
BCS from Visit 2 through Visit 5 will then serve as the exposure (modeled continuously and in 
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quartiles) in our Cox proportional hazards models to evaluate associations of BCS trajectory with 
incident stroke and dementia (separately, and as a composite outcome). We will assess the 
proportional hazards assumption using Schoenfeld residuals. We will also consider Fine and 
Gray models to account for the competing risk of mortality. Models will be adjusted for age, sex, 
race/center, education, and APOE ε4 genotype. We will also consider adjustment for baseline 
BCS score. 

 
e) Any anticipated methodologic limitations or challenges if present 
 
Not all BCS metrics were ascertained at each ARIC Study visit (e.g., physical activity, nutrition, 
etc.), which will require us to carry-forward the last observed score for factor the BCS is updated 
at each visit and assume that the factor is the same as at the last visit where it was measured. As a 
sensitivity analysis, we can fill in values from the nearest time of ascertainment (either before or 
after the visit where the BCS is being calculated). We will also consider an overall score that just 
includes the components that are available in at least 50% of study visits. As another sensitivity 
analyses, we can consider the four physical components, five lifestyle factors, and three social-
emotional factors separately. The four physical components are available at each in-person visit, 
whereas the five lifestyle factors and three social-emotional factors are not.  

 
f) Will the author need Limited data to complete the proposed manuscript? ☐ Yes, 

Limited data is needed (Provide a brief (2-3 sentences) justification for requesting PHI 
data)      .  ☒ No, De-identified data will be sufficient. 
 

*Please note, Limited dataset access is strict and rarely provided. Limited data includes 
identifiable information such as dates (birthdays, visit dates, etc.).  CMS, Genomic, Geocoded, 
Proteomics/Somalogic, and other -omic data all fall under the limited data category. De-
identified data does not include dates.  All dates are date adjusted to "Days since Visit 1".  
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? (Non-ARIC analysis means that the authors are not regarded as ARIC 
investigators and the "ARIC author" is essentially just a facilitator rather than an integral 
part of the writing group.)  ☐ Yes    ☒ No 
 
 b. If Yes, is the author aware that the current derived consent file ICTDER05 must be 

used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only” 
and/or “Not for Profit” ? ☐ Yes    ☐ No 
(The file ICTDER is distributed to ARIC PIs annually, and contains  
the responses to consent updates related to stored sample use for research.) 

 
8.a. Will the DNA data be used in this manuscript? ☒ Yes    ☐ No – APOE ε4 genotype 
 
8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 

Center must be used, or the current derived consent file ICTDER05 must be used to 
exclude those with value RES_DNA = “No use/storage DNA”? ☒ Yes    ☐ No 
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11.a. Is this manuscript proposal associated with any ARIC ancillary studies or does it use 
current [or ongoing] ancillary study data (this includes ACHIEVE)?  ☒  Yes  ☐ No  
Skip to question 12 
 
11.b. If yes to 11.a., is the proposal  

☒ A. primarily the result of an ancillary study  
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approval, the manuscript proposal will expire. 
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12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public 
has access to the published results of NIH funded research.  It is your responsibility to upload 
manuscripts to PubMed Central whenever the journal does not and be in compliance with this 
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Publications, Publication Policies, Forms, and Guidelines]. 
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