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4. Rationale:  

 

Hypertension can be diagnosed on the basis of an elevated systolic blood pressure (BP), 

elevated diastolic BP, or elevations in both. Epidemiologic research suggests that risk for 

cardiovascular disease begins to increase above a systolic BP of 115 mmHg or a diastolic 

BP of 75 mmHg. Clinical trial data support therapeutic interventions to reduce elevated 

BP to a systolic target as low as 120 mmHg (SPRINT) and a diastolic target below 90 

mmHg (HOT). Based on accumulating data, in particular the Systolic BP Intervention 

Trial (SPRINT), 2017 clinical practice guidelines published by the American Heart 

Association (AHA)/American College of Cardiology (ACC) have recently altered the 

definition to hypertension from a cutoff of 140/90 mmHg to a lower threshold of 130/80 

mmHg.1 To date, European guidelines continue to use the more traditional cutoff for 

hypertension of 140/90 mmHg. The recommendation in US guidelines to lower the 

diastolic threshold for hypertension from 90mmHg to 80 mmHg was based on expert 

opinion and not on trial data, yet this has major implications for an entity known as 

isolated diastolic hypertension (IDH). 

Data from the National Health and Nutrition Examination Study (NHANES) suggest 

that, based solely on their diastolic BP, many more US adults may be eligible for some 

form of treatment for their hypertension.2 However, little is known about the natural 

history and prognostic implications of IDH (currently defined as a systolic BP < 130 with 

a diastolic BP ≥ 80 mmHg in the US or a systolic BP < 140 mmHg with a diastolic BP ≥ 

90 mmHg in the EU or in the past in the US). Indeed, filling this knowledge gap takes on 

a new urgency given the recent AHA/ACC guideline in effect has changed the definition 

of this condition. The few prior studies that have been conducted suggest that IDH is 

more common in younger individuals and may not be associated with CVD outcomes 

independent of SBP. 3-8 

With rigorous phenotyping and follow-up, as well as access to longitudinal BP 

measurements and biomarker assessments, data from the Atherosclerosis Risk in 

Communities (ARIC) Study is ideally positioned to address outstanding questions on the 

natural history and prognostic implications of IDH. We propose to evaluate the 

prevalence of IDH in ARIC participants at each of 5 follow-up visits and to characterize 

the associations between IDH and incident systolic hypertension, IDH and cardiovascular 

biomarkers (high-sensitivity cardiac Troponin T [hs-cTnT] and NT-proBNP), and IDH 

and incident cardiovascular disease events. 

 

5. Main Hypothesis/Study Questions: 

 

Aim 1: Isolated Diastolic Hypertension (by both traditional definition and by the 2017 

ACC/AHA definition) is more prevalent among younger ARIC participants and the 

average proportion of IDH, measured during serial follow-up visits, will fall over time in 

the ARIC study. 

 

Aim 2: Baseline IDH will be associated with incident hypertension based on either 

systolic BP thresholds, physician diagnosis of hypertension, or drug therapy for 

hypertension, 

 



Aim 3: Relative to normotension, IDH will be associated cross-sectionally with 

abnormalities in cardiovascular biomarkers (hs-cTnT and NT-proBNP) 

 

Aim 4: Relative to baseline normotension, IDH will be associated longitudinally with 

incident cardiovascular disease events (defined as myocardial infarction, fatal coronary 

heart disease events, or fatal or non-fatal ischemic stroke events), with further evaluation 

of heart failure and renal outcomes also. 

 

 

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: Cross-sectional and longitudinal prospective analyses of ARIC data. For 

the purposes of this analysis, IDH will be defined by the traditional BP cutoff of systolic 

BP <140 mmHg and diastolic BP ≥90mmHg. However, as a sensitivity analysis, all 

models will also be reconstructed using an alternative definition of IDH, informed by 

2017 US guidelines, of systolic BP <130 mmHg and diastolic BP ≥80mmHg. Data for 

this study will draw from ARIC visits 1 (1987-1989), 2 (1990-1992), 3 (1993-1995), and 

4 (1996-1998).  

 

Hs-cTnT and NT-proBNP: We will analyze biomarker data measured at 2 time points in 

the ARIC Study using the same high sensitivity (pre-commercial) Roche assay.  

 

Visit 2: cardiac troponin T concentrations were measured from stored (visit 2) serum 

samples using a sandwich immunoassay method (Roche Diagnostics) implemented 

on a Roche Elecys 2010 Analyzer in 2012-2013 at the University of Minnesota as 

part of Dr. Selvin’s ancillary study (#2009.16). NT-proBNP was measured in 2012 

to 2013 from thawed visit 2 serum samples that had previously been stored at 

−70°C. Measurements were performed with a sandwich immunoassay method on the 

Roche Elecsys 2010 Analyzer (Roche Diagnostics Corp, Indianapolis, IN).  

  

Visit 4: cardiac troponin T concentrations were measured from stored (visit 4) 

plasma samples using the same sandwich immunoassay method implemented on a 

Cobas e411 analyzer in 2010 at the Baylor College of Medicine as part of Dr. 

Ballantyne’s ancillary study (#2008.10). At visit 4, Plasma NTproBNP was 

measured on a Cobas e411 analyzer using the Elecys proBNP II immunoassay. 

 

Clinical outcomes (Aims 2 and 4): ARIC participants are contacted annually by telephone 

and reported hospitalizations and deaths are identified by report and active surveillance 

by surveying lists of discharges from local hospitals and death certificates from state vital 

statistics offices for potential events. Hospital records are abstracted and potential 

coronary heart disease and ischemic stroke are adjudicated by an end points committee.  

 



Incident Hypertension: Participants were contacted annually via telephone, with 

follow-up currently available through 2016. Incident diagnosed hypertension was 

assessed during these annual telephone calls with the following questions: “Has a 

doctor ever said you had high blood pressure?” “Since we last contacted you has a 

doctor said you had high blood pressure?” And “Did you take any medications 

during the past two weeks for high blood pressure?” In addition, in-visit BP 

measurement occurred at each ARIC follow-up visit. During these follow-up study 

visits, BP was recorded as the mean of at least 2 seated measurements with a manual 

random-zero sphygmomanometer. 

 

Coronary heart disease: We will define incident coronary heart disease cases using 

the composite definition incorporating definite or probable myocardial infarction, 

and deaths from coronary heart disease identified during active surveillance for all 

hospitalizations and deaths among ARIC participants. 
 

Stroke: Abstractors recorded stroke information if the list of discharge diagnoses 

included a cerebrovascular disease code (International Classification of Diseases, 9th 

Revision, code 430–437), if a cerebrovascular condition or procedure was mentioned 

in the discharge summary, or if a cerebrovascular finding was noted on a CT or 

magnetic resonance imaging report. Eligible cases were classified by computer 

algorithm and by a physician reviewer, according to criteria adapted from the 

National Survey of Stroke. Disagreements were adjudicated by another reviewer. 

Qualifying strokes were further classified into definite or probable hospitalized 

ischemic stroke (neuroimaging showed acute infarction or no hemorrhage) or 

hemorrhagic (intraparenchymal or subarachnoid) stroke on the basis of 

neuroimaging studies or autopsy, when available. 

 

Heart Failure and CKD outcomes captured in ARIC will also be analyzed 

 

Mortality: Death from any cause identified during active surveillance of all 

participants in the ARIC study. 

 

Sample:  

Primary Sample. Of the ARIC participants who attended all or any of the visits 1 

through 4, we will exclude participants who were neither white nor black, the small 

number of black persons in the Minnesota and Washington County cohorts, those missing 

blood pressure measurements, and those with systolic hypertension (Systolic BP ≥ 140 

mmHg). In prospective analyses of incident CVD events we will exclude those with a 

history of MI or ischemic stroke, and those with prevalent CHD or prevalent HF. 

 

Exposure Variables 

 

Categorical exposure: IDH as defined above by both traditional and by new AHA/ACC 

BP cutoffs. The reference group will be ARIC participants with normotension. 

Depending on the IDH cutoff being analyzed, normotension will be defined as either BP 



<140/90 mmHg (traditional IDH cutoff) or BP <130/80 mmHg (new AHA/ACC IDH 

cutoff). 

 

Covariates 

 

Models will be adjusted for the following visit 1 variables: age (years), race-center 

(whites–Washington County, whites-Minneapolis, blacks-Jackson, blacks–Forsyth 

County, whites–Forsyth County), sex (male or female), smoking (current, former, never), 

alcohol consumption (current, former, or never), low-density lipoprotein cholesterol 

(mg/dL), high-density lipoprotein cholesterol (mg/dL), triglycerides (mg/dL), body mass 

index (kg/m2), eGFR, blood pressure–lowering medication (yes/no), and history of 

diagnosed diabetes (yes/no).  

 

 

Aim 1 - Statistical analyses: We will describe the prevalence of IDH at each of the ARIC 

study visits (1 through 5) included in this analysis.  

 

 

Aim 2 - Statistical analyses: We will characterize the prospective associations of IDH 

(assessed at visits 1 through 4) with incident hypertension (defined either by physician 

diagnosis or by a combination of physician diagnosis, systolic BP >140 mmHg, or 

antihypertensive drug therapy) recorded a subsequent ARIC visits using Cox models. We 

will consider the following core models: 

 

 Model 1: Crude 

        Model 2: age, sex, race-center. 

Model 3: age, sex, race-center, body mass index (kg/m2), smoking (current, former, 

never), alcohol consumption (current, former, or never), low-density lipoprotein 

cholesterol (mg/dL), high-density lipoprotein cholesterol (mg/dL), triglycerides 

(mg/dL), eGFR, blood pressure–lowering medication (yes/no), and history of 

diagnosed diabetes (yes/no). 

 Model 4: all variables in Model 2 + Visit 2 Systolic BP 

 

We will also test for interactions by age, sex, and race. 

 

 

Aim 3 – Statistical analyses: We will characterize the cross-sectional associations of IDH 

(assessed at visits 2 and 4) with cardiovascular biomarkers (hs-cTnT and NT-proBNP) 

measured at the same ARIC visits using logistic models. For these analyses, the 

biomarker data can be modeled as either continuous or categorical outcomes (for hs-cTnT 

an elevated level is considered as 14 ng/L and for NT-proBNP an elevated level is 

considered as 100 pg/mL). We will consider the following core models: 

 

 Model 1: Crude 

        Model 2: age, sex, race-center. 



Model 3: age, sex, race-center, body mass index (kg/m2), smoking (current, former, 

never), alcohol consumption (current, former, or never), low-density lipoprotein 

cholesterol (mg/dL), high-density lipoprotein cholesterol (mg/dL), triglycerides 

(mg/dL), eGFR, blood pressure–lowering medication (yes/no), and history of 

diagnosed diabetes (yes/no). 

 Model 4: all variables in Model 2 + Visit 2 Systolic BP 

 

We will also test for interactions by age, sex, and race. 

 

Aim 4 – Statistical analyses: We will generate a Kaplan-Meier plot to visually show the 

survival functions for the different outcomes by categories of IDH versus normotension. 

We will estimate hazard ratios and their 95% confidence intervals using Cox proportional 

hazards models with adjustment for covariates. The proportional hazards assumption will 

be examined using log-(-log) plots and by testing risk factor-by-time interactions; if the 

assumption is violated the interactions term(s) will be kept in the model and the time-

dependent nature of the risk will be interpreted accordingly. We will consider the 

following core models: 

 

 Model 1: Crude 

        Model 2: age, sex, race-center. 

Model 3: age, sex, race-center, body mass index (kg/m2), smoking (current, former, 

never), alcohol consumption (current, former, or never), low-density lipoprotein 

cholesterol (mg/dL), high-density lipoprotein cholesterol (mg/dL), triglycerides 

(mg/dL), eGFR, blood pressure–lowering medication (yes/no), and history of 

diagnosed diabetes (yes/no). 

 Model 4: all variables in Model 2 + Visit 2 Systolic BP 

 

We will also test for interactions by age, sex, and race. 

 

We will conduct this analysis in the sample overall, as well as after stratification by 

hypertension medication treatment status (yes, no, [excluding HTN treatment yes/no in 

the regression model]). 

 

Sensitivity analyses:  

 

Sensitivity Analysis: All analyses will be repeated for both the traditional and the new 

AHA/ACC definition of IDH. 

 

Limitations: 

 Observational study may be associated with residual confounding 

 We may lack power for some of the categories of IDH 
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