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3. Timeline:  
 
 The data needed for this analysis are currently available; we plan to submit for 
publication within 1 year.  
 
4. Rationale:  
 
Current risk prediction equations for cardiovascular disease (CVD), including 
atherosclerotic CVD (ASCVD) and heart failure (HF) incorporate routinely available 
clinical variables.1–5 Assuming adequate calibration and discrimination, the precision of 
the estimated risk is also dependent on accurate measurement of risk factors.  
 
 In particular, systolic blood pressure (SBP) is used in all established risk calculators 
as it is directly associated with CVD risk.6 SBP measurement errors can be minimized by 
using a validated sphygmomanometer after a period of rest and averaging multiple blood 
pressure readings.7 Notwithstanding measurement errors, SBP is also subject to diurnal, 
day-to-day, and month-to-month variability as a result of extrinsic factors related to 
posture, physical activity/exercise, diet, antihypertensive medication use, as well as 
intrinsic factors determined by the endocrine and nervous systems.8–13 SBP variations 
have been shown to not only affect risk prediction of end organ damage from 
hypertension,14 but also result in variability of CVD risk estimation,15 which is used to 
guide preventive medication therapy.16–20 In the ARIC study, estimated coronary heart 
disease/stroke risk in a given day varied based on different SBP readings and could 
classify a patient as high or low risk depending on the SBP value used.15 Clearly this has 
clinical implications as decisions on preventative strategies in blood pressure 
management are predicated on the estimated 10-year CVD risk. Importantly risk 
prediction equations may perform less well in older adults as end organ damage becomes 
the major determinant of risk rather than risk factor levels.21  
 
 Several biomarkers have been shown to have value in  CVD risk estimation.22 These 
biomarkers are thought to reflect the cumulative exposure of the cardiovascular system to 
risk factors including  SBP. Incorporating biomarkers that are associated with end organ 
injury/damage and hence likely to be reflective of the pathway that leads from elevated 
SBP to adverse events could be of value. Furthermore, as biomarkers have inherently less 
short-term variability compared to SBP, there may be discordance between the two, 
which warrants further study. Biomarkers of interest include high-sensitivity cardiac 
troponin T and I (cTnT), which has been shown to detect subclinical cardiac injury, and 
to predict incident ASCVD and HF in epidemiological cohort studies.23–25 Other pertinent 
biomarkers include glomerular filtration rate (GFR), urine albuminuria, and carotid 



 

 

 

intima-media thickness (cIMT), including plaque all of which are associated not only  
with long-term exposure to SBP but also with incident CVD.26  
 Therefore, in this study we evaluate the value of biomarkers of hypertensive end 
organ damage for CVD risk prediction. We hypothesize that these biomarkers are 
associated with cardiovascular outcomes and that they can improve CVD risk prediction, 
particularly among older adults. This may help guide the initiation and intensification of 
antihypertensive drugs.  
 
5. Main Hypothesis/Study Questions:  
 
Aim 1: Study the association of biomarkers with cardiovascular outcomes stratified by 
SBP, estimated ASCVD risk, and age. 

 
Hypothesis 1: Biomarkers are associated with incident ASCVD and HF irrespective 
of SBP and ASCVD but the association is stronger among older adults.  
 

Aim 2: Compare the prognostic utility of biomarkers versus SBP for risk discrimination 
and reclassification of incident cardiovascular outcomes within different age strata.  
 

Hypothesis 2: Biomarkers improve the discrimination and reclassification of incident 
ASCVD and HF compared to SBP. The performance of biomarkers is superior 
among older adults. 

 
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 and Inclusion/Exclusion criteria:  
 
We will utilize data from ARIC visit 2 and follow up at visits 4 and 5 to evaluate 
differences in the prognostic utility of biomarkers with increasing age. Individuals with a) 
missing information on traditional risk factors including SBP, biomarkers of interest; b) 
prior history of ASCVD or HF in the respective analysis of incident outcomes; c) races 
other than white or black will be excluded. 
 
Exposure:  

1. Following a rest period, three manual sitting BP measurements are made within a 
10–15 min period, using a random zero sphygmomanometer. SBP is defined as 
the average of the 2nd and 3rd measurements. 

2. CTnT concentrations are measured using a high-sensitivity assay, Elecsys 
Troponin T (Roche Diagnostics), on an automated Cobas e411 analyzer with a 
lower limit of measurement of 6 ng/L.23 

3. GFR is estimated using the 2009 CKD-EPI (CKD Epidemiology Collaboration) 
creatinine equation.27 



 

 

 

4. Urine albuminuria is assessed as urinary albumin-creatinine ratio (UACR) from 
spot urine sample. Urine creatinine is measured by the modified kinetic Jaffé 
method. Urine albumin is measured by a nephelometric method either on the 
Dade Behring BN 100 or the Beckman Nephelometer.28 

5. cIMT is measured using B-mode ultrasonography (Acuson 128 CT system) of the 
right and left carotid artery according to a standardized protocol by trained 
certified sonographers.29 

6. Carotid plaque is defined if 2 of the following 3 criteria are met: abnormal wall 
thickness (defined as cIMT >1.5mm), abnormal shape (protrusion into the lumen, 
loss of alignment with adjacent arterial wall boundary), and abnormal wall texture 
(brighter echoes than adjacent boundaries).29 

 
Outcomes:  
 

1. ASCVD 
a. Incident ASCVD includes the adjudicated outcomes of non-fatal 

myocardial infarction, non-fatal stroke, coronary heart disease or stroke 
mortality. 

b. Estimated ASCVD risk is calculated using the 1) pooled cohort equations 
(PCE; includes age, sex, race, cigarette smoking, diabetes mellitus, SBP, 
antihypertensive medication use, total cholesterol, and high-density 
lipoprotein cholesterol (HDL-C);4 and 2)  ARIC Coronary Risk Score 
(ACRS; includes age, sex, smoking status, SBP, total cholesterol, HDL-C, 
hypertension medications use, and diabetes status).2 

2. HF 
a. Adjudicated incident HF is defined as the first HF hospitalization 

identified with International Classification of Diseases Code of 428 (Ninth 
Revision) or I50 (Tenth Revision) in any position on the hospital 
discharge list or a death certificate with death from HF in any position.30 

b. Estimated HF risk is calculated using the ARIC Heart Failure Risk Score 
(HFRS; includes age, sex, smoking status, SBP, heart rate, body mass 
index (BMI), previous CHD, use of hypertension medications, and 
diabetes status).3  

 
Covariates in multivariable models:  
 
Age, sex, race/ethnicity, body mass index, heart rate, diabetes mellitus, hypertension 
status, fasting glucose, total cholesterol, high-density lipoprotein cholesterol, 
antihypertensive medication use, lipid-lowering medication use, glucose-lowering 
medication use, body mass index, cigarette smoking.  
 
Statistical Analysis:  
 
Baseline characteristics will be tabulated by categories of SBP (<110 mm Hg, 110–129 
mm Hg, 130–139 mm Hg, 140–159 mm Hg, ≥ 160 mm Hg). Continuous variables will be 
reported using mean (SD) or median (IQR) depending on normality of the data, while 



 

 

 

categorical variables will be expressed as count (percentage). Differences will be tested 
using ANOVA, non-parametric testing, or chi-square testing as appropriate. 
 
Biomarkers will be categorized as follows: 

1. cTnT: ≥13 ng/L, 9–13 ng/L, 6–9 ng/L; <6 ng/L as reference. We will also 
examine continuous cTnT. 

2. GFR: <60 ml/min/1.73 m2, 60–89 ml/min/1.73 m2; ≥ 90 ml/min/1.73 m2 as 
reference 

3. UACR: <30, 30–299, and ≥300; <30 as reference.  
4. IMT: 25–75th percentile, >75th percentile; <25th percentile as reference.  
5. Carotid plaque: presence versus absence.  

 
 
Aim 1: Incidence rates of cardiovascular outcomes will be calculated as number of events 
per 1000 person-years and stratified by SBP (<110 mm Hg, 110–129 mm Hg, 130–139 
mm Hg, 140–159 mm Hg, ≥ 160 mm Hg). After testing and confirming the 
proportionality assumption, multivariable-adjusted Cox proportional hazards models will 
be used to study the association between biomarkers and incident ASCVD and HF 
stratifying by SBP.  
 
Models will be sequentially adjusted for age, sex, race/ethnicity (Model 1), diabetes 
mellitus, hypertension status, fasting glucose, total cholesterol, high-density lipoprotein 
cholesterol, use, lipid-lowering medication use, glucose-lowering medication use, body 
mass index, cigarette smoking. (Model 2). 
 
We will also test for effect modification by creating multiplicative interaction terms 
between each biomarker and SBP ((<110 mm Hg, 110–129 mm Hg, 130–139 mm Hg, 
140–159 mm Hg, ≥ 160 mm Hg), age (<65 years, 65–75 years, and > 75 years), and 
estimated ASCVD risk (<7.5% and ≥ 7.5%) and testing for significance in the 
multivariable adjusted models as above. 
  
Aim 2:  Improvement in risk discrimination of incident ASCVD and HF will be 
calculated using area under receiving operating characteristic curves (AUC). The base 
model will include the PCE. Each biomarker will be added to the base model and 
improvement in AUC will be calculated. Criteria for selection of the biomarkers in final 
model include availability to primary care physicians, measurement reliability, and 
parsimony relative to the degree of improvement in the AUC.3 We will compare 
performance of the base model (PCE including SBP) and the new model (biomarkers 
plus PCE excluding SBP) for predicting incident events using measures of calibration 
(goodness of fit) and discrimination (AUC). Improvement in reclassification will be 
assessed using net reclassification index (NRI) after addition of each biomarker to the 
base model.  
We will perform these calculations in the overall study population and in age subgroups 
(<65 years, 65–75 years, and > 75 years). 
 
Limitations: 



 

 

 

− The possibility of residual confounding cannot be excluded. 
− Individuals with subclinical left ventricular dysfunction might be missed. 
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