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4. Rationale: Studies from the ARIC-NCS have established associations between 

cardiovascular risk factors, primarily midlife hypertension and diabetes, and the development of 

dementia and cognitive decline.1,2 However, in 2017, the American College of Cardiology 

(ACC) and the American Heart Association (AHA) changed the definition of high blood 

pressure, lowering the cutoff to define hypertension. This announcement marks the first 

comprehensive change to the categorization of hypertension since 2003 and is now estimated to 
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include about 46% of the U.S. adult population as having hypertension.3 The most significant 

change is the removal of the prehypertension classification, instead classifying people as having 

normal blood pressure, elevated blood pressure, stage 1 hypertension, and stage 2 hypertension. 

   Previous studies examining the association of hypertension with dementia risk conducted 

on ARIC-NCS and other cohorts were based on the old guidelines, leaving unanswered questions 

as to how the new levels of hypertension relate to the development of dementia. Using data from 

the 5 visits and dementia surveillance in the ARIC study, we propose conducting an analysis 

examining the relationship of dementia with blood pressure categories using the updated 

hypertension guidelines. This study will estimate the association of blood pressure levels 

according to categories defined in the 2017 ACC/AHA guidelines with the risk of dementia, 

overall and stratified by sex and race (white vs. African American). In addition, we will calculate 

the population attributable fraction of dementia associated with the new categories and compare 

it to the population attributable fraction corresponding to hypertension defined according to the 

older guidelines.  

 

5. Main Hypothesis/Study Questions: 

 

1. Specific Aim 1: To assess the association of hypertension and of BP categories defined 

according to the ACC/AHA guidelines with the risk of incident dementia 

a. We hypothesize that midlife hypertension, as defined by the new guidelines, is 

related to increased risk of incident dementia (especially among the African 

American population). The association of hypertension stage 2 with dementia will 

be stronger than for hypertension stage 1 (compared to normal blood pressure). 

2. Specific Aim 2: To calculate the population attributable fractions of hypertension and of 

BP categories defined according to the ACC/AHA guidelines with the risk of incident 

dementia. 

a. We hypothesize that hypertension will be responsible for a large proportion of 

dementia cases in this population, as defined by the population attributable 

fraction. Population attributable fraction with the new definition will be only 

modestly larger than with the old hypertension definition. 

 

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 

 The study will examine all ARIC participants without dementia at baseline and with 

information on blood pressure and other covariates at the baseline visit. Participants who are not 

identified as African American or white will be excluded, in addition to the small African 

American population from the Maryland and Minnesota centers (due to issues with adjusting for 

race and center that would arise when the two populations in question are substantially different 

in size).  

 

Main exposure 

 The primary exposure is hypertension defined according to the new ACC/AHA guidelines 

[systolic blood pressure (SBP) ≥130 or diastolic blood pressure (DBP) ≥80]. We will also 



categorize individuals according to blood pressure categories [normal BP (SBP 120-129 and 

DBP <80), hypertension stage 1 (SBP 130-139 or DBP 80-89), hypertension stage 2 (SBP ≥140 

or DBP ≥90)]. Participants using antihypertensive medication will be considered in the 

hypertension stage 2 group. 

 We will also categorize participants according to the JNC7 guidelines [hypertension if SBP 

≥140 or DBP ≥90; BP categories: normal (SBP <120 and DBP <80, prehypertension (SBP 120-

139 or DBP 80-90, hypertension stage 1 (SBP 140-159 or DBP 90-99, hypertension stage 2 (SBP 

≥160 or ≥100)]. 

 

Main outcome variable: incident dementia 

 This analysis will use incident dementia as the primary outcome. Dementia will be defined 

using adjudicated dementia diagnoses at visit 5, informant telephone interview, and ICD-9 codes 

from hospitalizations and death certificates along with classification of cognitive status based on 

standardized definitions of dementia.2,6 

 

Covariates 

 Covariates that will be considered as potential confounders include race and study site, sex, 

age, education level, apoE genotype status, smoking, alcohol consumption, physical activity, 

hyperlipidemia, diabetes, and BMI. Separate models will additionally adjust for prior history of 

coronary heart disease, stroke or heart failure.  

 

Statistical analysis 

 We will use Cox proportional hazards regression models to estimate hazard ratios and 95% 

confidence intervals of dementia by hypertension categories, adjusting for potential confounders. 

The primary endpoint will be time between visit 1 and diagnosis of dementia, lost to follow-up 

or administrative censoring, whichever comes first. Initial models will adjust for age, sex, race-

site and education. A second model will include potential confounders (listed above), with a final 

model adjusting for additional variables that could be considered confounders or mediators (e.g. 

history of CVD). WE will conduct additional analyses stratifying by sex and race. We will repeat 

these analyses using the 2017 ACC/AHA guidelines categories and the JNC7 categories. 

Depending on the degree of missingness for the exposure and covariates, we will consider using 

multiple imputation approaches. 

 We will calculate population attributable fractions of dementia by categories of 

hypertension using standard approaches. Specifically, we will calculate rate ratios using Poisson 

regression and applying previously described formulas that take into account the prevalence of 

the risk factor in the populations.4,5 This will be done separately for both 2017 ACC/AHA and 

JNC7 categories. 

 

Discussion/Limitations 

 This analysis will serve as an exploratory analysis to determine if the new guidelines for 

hypertension will have a different association with dementia in future analyses. Since 

hypertension from the ARIC data was based on the JNC7 guidelines, the results based on the 

ACC/AHA guidelines cannot be used to fully estimate the causal effects of the new measurement 

of hypertension and its association with incident dementia. 

 We will run analyses for both the JNC7 and ACC/AHA guidelines for hypertension and the 

associations with incident dementia, as well as the population attributable fractions, and compare 



the results to determine if there are any significant changes. The results from the ACC/AHA 

analyses will be used to inform future studies in which the new guidelines will be used to 

measure hypertension.  
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