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4. Rationale:  

The 2017 ACC/AHA guidelines on high blood pressure have revised the definition of 

hypertension in the United States, and the decision to treat is based on both blood pressure level 

and cardiovascular risk (1). Individuals with stage 1 hypertension (BP 130-139/80-89) are 

recommended BP-lowering medication based on estimated 10-year ASCVD risk ≥ 10% (from 

ACC/AHA Pooled Cohort Equations), a strategy that has not been examined rigorously in a 

clinical trial and does not account for heart failure risk. 

Hypertension is considered one of the most important modifiable risk factors for the 

development of heart failure (HF) (2,3). Additionally, most incident cardiovascular disease 

occurs in adults with blood pressure less than 140/90 mmHg in the US, suggesting a role for 

additional risk stratification in this population (4). Individuals with risk factors, like 

hypertension, develop intermediate cardiac phenotypes that can progress to HF (5,6). Several 

prior studies have demonstrated that individuals with chronic myocardial injury measured by 

high sensitivity troponin and hemodynamic stress measured by N-terminal pro-B-type natriuretic 

peptide have elevated risk of incident heart failure and cardiovascular death (5,7). In an analysis 

of asymptomatic individuals without cardiovascular disease in the Atherosclerosis Risk in 

Communities Study (ARIC), troponin T was associated with increased risk of heart failure 

among individuals categorized with normal and elevated systolic blood pressure level ranges (8). 

In a longitudinal, observational cohort study, higher B-type natriuretic peptide predicted 

increases in systolic and diastolic blood pressures as well as progression of BP stage (9). 

In the Systolic Blood Pressure Intervention Trial (SPRINT), participants randomized to intensive 

treatment with a target SBP of less than 120 mmHg had lower incident heart failure events (HR 

0.62; 95% CI 0.45-0.85) leading to lower target blood pressure level recommendations in HF 

(1,10,11). However, the evidence base for current recommended target of 130/80 is unclear and 

falls in between the prior treatment goal of 140/90 and the target BP levels achieved in the 

intensive treatment group in SPRINT. Taken together, we plan to evaluate atherosclerotic 

vascular disease and HF risk based on the 2017 ACC/AHA Adult High Blood Pressure 

Guidelines and assess whether chronic myocardial injury, based on high sensitivity cardiac 

troponin, and hemodynamic stress, based on B-type natriuretic peptide, modify risk assessment 

in individuals not prescribed BP-lowering medications. 
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5. Main Hypothesis/Study Questions: 

We hypothesize that biomarkers of chronic myocardial injury, such as high sensitivity cardiac 

troponin, and hemodynamic stress, such as B-type natriuretic peptide, will re-classify the risk of 

atherosclerotic vascular disease and heart failure associated with new BP-treatment thresholds 

recommended in the current guidelines. Thus, presence of elevated high sensitivity troponin and 

B-type natriuretic peptide levels will identify individuals at high risk for adverse cardiovascular 

events, particularly heart failure, among participants with elevated blood pressure or stage I 

hypertension who do not qualify for BP-lowering medication based on current 2017 ACC/AHA 

recommendations. Furthermore, among participants with stage I hypertension who qualify for 

pharmacotherapy based on current BP guidelines, normal high sensitivity troponin and B-type 

natriuretic peptide levels will identify low risk individuals who may receive only a small benefit 

from BP-lowering medication. 

 

 

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 

 

Inclusion criteria:  

Participants of DHS, MESA, ARIC and JHS without prevalent CVD or HF and who are not 

taking BP-lowering medications with available high sensitivity cardiac troponin and B-type 

natriuretic peptide levels at baseline. 

 

Exclusion criteria:  

Participants with missing information on CVD status, clinic blood pressure, troponin levels, B-

type natriuretic peptide levels, or pooled cohort equation variables. Participants with established 

CVD (or PAD or HF) at baseline. Participants taking BP-lowering medications. 

 

Outcomes:  

Primary outcome of interest:  

 Composite of incident HF or CV death 

Secondary outcomes of interest:  

 Incident HF 

 Incident CV death 

 Incident ASCVD (as defined in the ACC/AHA pooled cohort equation) 

 Composite of incident ASCVD and incident HF 

 

Data analysis:  

Covariates of Interest:  

Age, sex, ethnicity, body mass index, baseline clinic systolic and diastolic blood pressure, history 

of hypertension, diabetes, family history of CAD, smoking, socioeconomic status, education 

level, alcohol use, troponin levels, B-type natriuretic levels, estimated glomerular filtration rate 

 

Defining abnormal elevation in biomarkers of Interest: 

Dallas Heart Study and the Multi-Ethnic Study of Atherosclerosis measure high sensitivity 

cardiac troponin T; Jackson Heart Study measures high sensitivity cardiac troponin I, and 

elevated levels are ≥ 6 ng/L, and ARIC study has both high sensitivity cardiac troponin T and I 

levels assessed. Owing to differences in the platforms used from high sensitivity cardiac troponin 

assessment, we will use multiple approaches to define normal vs. abnormal troponin levels. First, 

we will use previously defined cohort-specific cut-offs for troponin elevation: > 3 for high 

sensitivity troponin T in MESA and DHS, > 5 ng/L for high sensitivity Troponin T in ARIC, and 

> 6 ng/L for high sensitivity troponin I in JHS. Second, the previously described approach of 

natural log transformation and direct standardization will be be used for lab values from each 

cohort (center mean = 0, each unit change = 1 standard deviation) to account for cohort-specific 

and inter-assay factors (12). Using this approach, a Z-score above the 90th percentile in the 

overall pooled cohort will be defined as abnormal elevation in high-sensitivity cardiac troponin. 

Sensitivity analysis will also be conducted using sex-specific cut-offs (90th percentile for men 

and women). Third, separate pooled analysis will also be performed for cohorts with available 

high sensitivity cardiac troponin T levels (ARIC, MESA, and DHS) and high sensitivity cardiac 

troponin I levels (ARIC and JHS). 



For NT-ProBNP levels, we will use similar approaches (previously described categorical cut-off 

of 100 pg/ml and standardized Z-score cut off of 90th percentile) to define abnormal elevation in 

NT-ProBNP levels.  

 

Brief analysis plan and methods:  

 Our study is focused on determining how available biomarkers of chronic myocardial 

injury and hemodynamic stress can inform us about risk of HF and other adverse 

cardiovascular events among individuals with elevated blood pressure or hypertension 

based on the 2017 High Blood Pressure Guidelines. Accordingly, study participants 

(participants of DHS, JHS, and MESA without history of CVD) will be categorized into 4 

groups: 

1. Participants without hypertension (mean clinic BP < 120/80 mmHg) who do not 

qualify for BP-lowering medication 

2. Participants with elevated blood pressure (mean clinic BP 120-129/<80 mmHg) 

or stage 1 hypertension (mean clinic BP 130-139/80-89 mmHg) who do not 

qualify for BP-lowering medication 

3. Participants with stage 1 hypertension (mean BP 130-139/80-89 mmHg) who 

qualify for BP-lowering medication  

4. Participants with stage 2 hypertension (mean clinic BP ≥140/90 mmHg) who 

qualify for BP-lowering medication 

 The cumulative incidence of clinical outcome events of interest will be assessed and 

compared across the 4 groups  

 Participants in the elevated blood pressure or stage 1 hypertension group who do not 

qualify for BP-lowering medication and in the stage 1 hypertension group who do quality 

for BP-lowering medication (groups 2, 3) will be further sub-classified based on presence 

of chronic myocardial injury (+high sensitivity troponin) and/or hemodynamic stress 

(+B-type natriuretic peptide) and the incidence of clinical outcome events will be 

compared across the groups, first stratified by high sensitivity troponin only, then B-type 

natriuretic peptide only, and then both together. For these groups, the cumulative 

incidence rate for adverse clinical events in the group 1 and group 4 will be considered as 

reference to identify lower and upper cutoffs of risk for considering BP management 

among group 2 and 3 participants.   

 Multivariable adjusted Cox models will be constructed to evaluate the association of the 

BP based groups with group 1 as reference. Separate models will be constructed using the 

4-group (as recommended by current ACC/AHA guidelines) and biomarker-based 

approach (including further stratification of elevated BP and stage 1 hypertension groups 

by presence of chronic myocardial injury and hemodynamic stress: first stratified by high 

sensitivity troponin only, then B-type natriuretic peptide only, and then both together) 

with adjustment for relevant confounders as described previously.  

 Sensitivity analysis will be conducted using alternative approaches to define elevation in 

high sensitivity cardiac troponin levels and NT-ProBNP levels as discussed above. 

 Sensitivity analysis will also be conducted to assess the association of continuous 

measure of high sensitivity troponin, NT-ProBNP (standardized Z-scores) and risk of 



adverse outcomes among participants with elevated blood pressure or stage1 

hypertension. 

 Sensitivity analysis will also be conducted within each cohort separately and pooling 

cohort-specific hazard ratios using random effect modeling. 

 Sensitivity analysis will also be conducted to assess the effect of statins on 10-year 

ASCVD risk by the following: 1) exclusion of individuals on statins and 2) estimated 10-

year ASCVD risk prior to initiating statin therapy based on statin intensity and expected 

cholesterol levels. 

 Sensitivity analysis will also be conducted to assess the effect of initiation of BP-

lowering therapy on follow up by excluding individuals started on BP-lowering 

medications. 

 Race stratified analysis (black vs. non-black; black Hispanic vs. non-black Hispanic; 

white Hispanic vs. non-white Hispanic) will also be conducted as sensitivity analysis. 

 Gender stratified analysis (females vs. males) will also be conducted as sensitivity 

analysis. 

 Age stratified analysis by decade of life will also be conducted as sensitivity analysis. 
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