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4. Rationale:  

Elevated blood pressure (BP) is an important public health concern. It is highly 

prevalent and it is a risk factor for several adverse health outcomes, especially coronary 

heart disease and heart failure. Given the high prevalence and severity of adverse 

outcomes, even small improvements in the treatment of elevated BP would 
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result in widespread benefit. The seventh report of the Joint National Committee for 

Detection, Evaluation, and Treatment of High Blood Pressure recommends that 

individuals achieve a target blood pressure of < 140 mmHg SBP and < 90 mmHg DBP. 

The benefit of lowering SBP to around 140 mm Hg is well accepted, but patients treated 

to this level of BP may still be at increased risk of BP-related adverse outcomes. 

Observational studies document a progressive increase in coronary heart disease risk as 

BP rises above 115/75 mm Hg. Such epidemiologic evidence suggests there may be 

substantial benefit to targeting treatment to a SBP <120 mm Hg instead of <140 mm Hg.  

Heart failure (HF) is a growing epidemic, with an incidence of approximately 10 per 

1000 in the population age >65 years and estimated prevalence of 5.7 million Americans 

>20 years old. Hypertension is a major risk factor for the development of congestive 

heart failure. Hypertensive patients develop a  spectrum of cardiac structural changes 

such as left ventricular hypertrophy (either concentric or eccentric), that likely lead to the 

development of HF. Blacks may be more susceptible to this risk given that they carry a 

higher burden of hypertension and appear to be more prone to cardiac structural changes. 

The ARIC study prospectively collected data on hospitalized incident heart failure in a 

biracial cohort. We will explore whether individuals with an SBP >140 or SBP 120-139 

mm Hg had an increased risk of incident heart failure, relative to persons with SBP <120 

mm Hg. 

 

5. Main Hypothesis/Study Questions: 

1. Among hypertensives (inclusive of treated or untreated), we will estimate HF 

incidence according to SBP control categories (uncontrolled >140, standard control 120-

139 mm Hg, or intensive control <120). 

2. Does BP control impact HF hospitalizations for recurrent hospitalization or length of 

hospital stay ? 

3. Do the relations in 1 & 2 differ by race? 

 

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: Only people who have valid blood pressure data on baseline  

clinical visits (visit 1,visit 2 and visit 3). 

Main outcome: our primary outcome will be incident HF, defined as the first occurrence 

of either i) a HF hospitalization which included an International Classification of 

Diseases, 9th revision, discharge code of 428 (428.0 to 428.9) in any position, or  ii) a 

death certificate with a 428 (HF) or International Classification of Diseases, 10th 

revision, code I50 (HF) in any position.  

Analysis Plan and the Blood Pressure Control Classification:  

a. Hypertensives: (includes those SBP > 140 mmHg and DBP > 90 mmHg at 

baseline, or with a history of hypertension, or taking antihypertensive medication) will be 

further divided into three groups based on BP control which will be called “Uncontrolled 

BP” (>140mmHg), “Standard BP Control” (120-139/80-29 mmHg), and “Intensive BP 

Control” (<120mmHg) groups. Contrasts of demographics and key covariates among 

these groups will be made. The association of SBP control with index HF hospitalization 



will be assessed using survival analysis with index HF hospitalization as the event. The 

SBP measurement taken at the clinic visit closest to the HF event will be used to assess 

SBP control. To assess the effect of blood pressure control on HF incidence, survival 

analyses using time dependent covariates will be fit using BP data from clinic exams 1 

thru 4. Models will be run separately for SBP as a continuous variable and SBP control as 

an ordinal variable with race and any other covariates fit as well to adjust for their effects. 

Additional separate modeling will be performed to see if the effects are consistent with 

that seen in the time dependent models.  The SBP measurement taken at the clinic exam 

prior to HF (or SBP on the last clinic exam for those who did not have incident HF) will 

be used as a covariate in separate modeling looking at SBP as a continuous variable and 

SBP control as ordinal while adjusting for covariates.  The mean SBP for all visits prior 

to HF (or all visits for those with no HF) will also be used as a covariate in additional 

survival modeling. 

b. Only HF patients will be used for the purpose of a secondary analysis. Our 

analysis will look at time to second hospitalization (is it influenced by BP control) and 

number of recurrent hospitalizations over the entire follow up period. The rate of HF re-

hospitalizations in adequately controlled vs. inadequately controlled will be compared as 

binary variables as well as SBP as a continuous variable and SBP control as ordinal as 

previously described. Our analysis will look at time to second hospitalization (is it 

influenced by BP control) and number of recurrent hospitalizations over the entire follow 

up period.  

c. Additional analysis will stratify our results from a) and b) according to race and 

sex to determine any race-sex differences. 

 

Key covariates to be adjusted for: Age, gender, diabetes, body mass index, physical 

activity, high cholesterol, smoking, alcohol intake, anemia. 

Exclusion criteria: Prevalent cases of HF at visit 1 either by self-report, current intake of 

HF medication, or those with stage 3 or manifest HF by Gothenburg criteria. Missing 

data on blood pressure measurements or participants with missing criteria needed to 

define prevalent HF. 
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