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4. Rationale:  
 Hypertension is one of the most prevalent risk factors contributing to the development of 
cardiovascular disease, the leading cause of death in the United States. From age 30-65 years old, 
there is on average a 20 mmHg and 10 mmHg increase in systolic and diastolic blood pressure, 
respectively.1 Hypertension is thought to increase risk of a major atherosclerotic cardiovascular 
disease outcome 2- to 3-fold.2 In addition, the National Health and Nutrition Examination Survey 
(NHANES) suggests that 45.6% of the US population has hypertension.3 This statistic has been 
largely stagnant the past five decades, therefore there is great potential for improved health 
through control of blood pressure.  
 

Historically, a systolic blood pressure (SBP) of 120 mm Hg has been considered the up-
per limit of normal for adult systolic blood pressure. This threshold has served as an important 
target for treatment and cardiovascular event prevention. According to the 2017 American Heart 
Association (AHA) and American College of Cardiology (ACC) guidelines, subjects with a sys-
tolic blood pressure of 120-129 mm Hg and diastolic pressure of <80 mm Hg are categorized as 
having an elevated blood pressure.4 Another well-established clinical practice guideline by the 
European Society of Hypertension (ESH) cites systolic pressures of  130-139 mmHg and dias-
tolic pressures of 85-89 mmHg as high-normal.5 Both bodies set the BP target for treatment to be 
<130/80 mmHg. Epidemiologic evidence has consistently demonstrated a positive association 
between both systolic and diastolic blood pressures (DBP) and cardiovascular disease out-
comes.2,6,7  
 
 Although there is a continuum of cardiovascular risk associated with varying levels of blood 
pressure, there is a lack of information regarding the absolute and relative risks of cardiovascular 
disease among these individuals. Moreover, there is limited data on potential sex differences. It 
is known that healthy women tend to have lower blood pressures than healthy men over the life 
course.8 Yet, women begin to experience steeper increases in blood pressure beginning in their 
mid-30s and are more likely to have hypertension than men at ≥ 65 years old.9 Additionally, a 
2022 statement from the European Society of Cardiology and recent literature indicated that risk 
for cardiovascular events begins at different blood pressure categories in women versus men.9–14 
However, due to lack of specifically designed clinical trials, it is not known if hypertension 
should be differently managed in females and males, including treatment goals and choice and 
dosages of antihypertensive drugs.  
 
 In order to better inform this question, in this proposal we examine the relationship between 
blood pressure measured in men and women with respect to their distributions, risk factor 
burden, absolute risk, and relative risk of cardiovascular disease events. In addition we examine 
the relationship between blood pressure among treated adults with respect to both cardiovascular 
disease events and adverse events related to lower blood pressure (e.g., falls and sycope).  
 
5. Main Hypothesis/Study Questions: 

1. Hypothesis 1: The distribution of blood pressure will be greater among men compared 
with women. 

2. Hypothesis 2: Cardiovascular risk factors will be more prevalent at lower blood pressure 
levels among women compared to men. 
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3. Hypothesis 3: Lower BPs among women will be associated with a higher relative risk of 
CVD events, but a lower absolute risk of CVD events compared to men. 

4. Hypothesis 4: Women with low BPs in the context of hypertension treatment will not 
have a higher risk of adverse events (syncope, falls) than men, suggesting that more in-
tensive treatment in women is safe. 

   
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: Prospective cohort study with visit 1 as baseline. 
 
Exclusions: 

• ARIC participants with known prior CVD 
• Missing covariates of interest (listed below) 
• Persons of ethnicities other than African American or white 
• African Americans from Washington County or Minnesota 
• No prior history of falls, syncope, CVD or stroke. 

 
Exposure assessment: 
Seated blood pressures were measured during ARIC visit 1 (1987-1989) in over 10,060 ARIC 
participants. We will focus on visit 1 data (the largest visit with the longest follow-up time and 
lowest prevalence of hypertension treatment).  

 
Primary outcomes: CVD, Stroke, Falls, Syncope, and Mortality 
The primary outcomes in this study are (1) incident CVD (and its subtypes), (2) stroke, (3) falls, 
(4) syncope, and (5) mortality, after visit 1 through December 31, 2019. Falls and syncope will 
be defined as the first occurrence of any related hospitalization or claim for inpatient or 
outpatient services after the baseline visit. These outcomes were identified via two sources: 1) 
active surveillance of all hospitalizations for all ARIC participants; and 2) linkage to Centers for 
Medicare and Medicaid Services (CMS) claims data from 1991-2013.18,19 For CVD, we will use 
the variables “C7_IN_19SP,” “C7_IN19DP,” and “C7_INCHF19.” For mortality, we will use 
the variable “DEAD19.”  
 
The ARIC Study obtains hospitalization information from annual telephone contact with study 
participants and through surveillance of hospitals in the study communities (inpatient 
hospitalization data currently available from January 1st, 1988, through December 31, 2015). In 
the original ARIC protocol, surveillance was primarily focused on coronary heart disease, 
myocardial infarction, stroke, and heart failure outcomes, but thereafter included other diagnostic 
codes for hospitalized events, including those attributed to fall and syncope.  
 
Participant data were also linked to CMS claims data using a finder file that included 
participants’ social security numbers, sex, and date of birth through a matching process described 
previously.18,19 These claims were available for eligible persons derived from two forms of 
coverage: (1) fee-for-service (FFS) or (2) managed care organizations. CMS data included 
inpatient and outpatient claims for participants enrolled in FFS continuously after reaching CMS 
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Medicare eligibility and those with intermittent FFS enrollment during the period of observation. 
While no outpatient claims were available for cohort participants enrolled in managed care 
programs, inpatient claims were available for all participants with Medicare on a selective basis 
from the year 2008 onward. 
  
MedPar files were used to identify inpatient CMS records for hospital encounters related to falls, 
fractures, syncope, and motor vehicle accidents. Outpatient falls and motor vehicle accidents 
were identified using the Clinical Classification System (CCS) category 2603, E codes, which 
were based on International Classification of Diseases, 9th revision (ICD-9) external cause of 
injury codes. Falls were identified using the following ICD9 codes: E880.X-E888.X. Syncope 
was defined by ICD9 code: 780.2. 
 
Blood Pressure Categories: 
Systolic blood pressure will be categorized categories divided as follows:  

 SBP <110 mm Hg 
 SBP 110- <120 mm Hg 
 SBP 120- <130 mm Hg  
 SBP 130- <140 mm Hg 
 SBP 140- <150 mm Hg 
 SBP ≥ 150 mmHg 

 
 
Other variables of interest: 
 Models will be adjusted for age, sex, race-center, non-race adjusted estimated glomerular 
filtration rate, body mass index, resting heart rate, high density lipoprotein cholesterol, total 
cholesterol, cholesterol lowering medications, hypertension lowering medications, leisure 
activity, diabetes, alcohol use, education, smoking status, prior stroke.  
 
Data analysis: 
 Our primary analyses will be as follows: 
 

• Baseline characteristics by sex and treatment status (Table), restricted to adults without 
prior CHD, CHF, or stroke 

• Blood Pressure Percentiles for men and women, systolic and diastolic blood pressure 
(Table) 

• Risk factors by systolic blood pressure categories (Table): 
o Mean body mass index, fasting glucose, LDL cholesterol, estimated glomerular 

filtration rate 
o Proportions of obesity, diabetes, dyslipidemia, CKD stage 3 
o PREVENT 10yr and 30yr risk 

• Absolute risk by SBP categories for: coronary heart disease, CHF, stroke, and death 
(Table; cumulative incidence function Figure) 

• Unadjusted and age/race adjusted linear regression of SBP by sex (Figure with Lowess 
and linear fit)  

• Relative risk of CHD, CHF, stroke, and death using Cox proportional hazards models by 
SBP categories adjusted for the covariates above (Table, Figure restricted cubic spline) 
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• SBP categories and absolute/relative risk of syncope, fall, CHD, CHF, stroke, and death 
among treated men and women (Table) 

• Conversion Table (combines comparison above in a translational fashion): men to 
women and women to men: SBP category thresholds for men or women and their 
equivalent value based on percentile, linear regression, risk factor burden, absolute risk, 
and relative risk 

• Sensitivity analysis: repeat the above for DBP 
 

Limitations: 
• Insensitive event ascertainment (falls) 
• Residual confounding is always a concern with observational studies. 

 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? ____ Yes       X    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 has been distributed to ARIC PIs, 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       X    No 
 
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 

 
9. The lead author of this manuscript proposal has reviewed the list of existing ARIC 
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