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eAppendix. Supplemental Methods, Statistical analyses, and References 

Definitions of Incident Hypertension and Blood Pressure Progression 

Incident hypertension was defined as participants who were normotensive at baseline visit but developed 
hypertension at the second visit; defined as either self-reported hypertension, antihypertensive drug use or blood 
pressure (BP) >140/90.  For participants taking BP medications at second visit, BP values were imputed by adding 
10 mmHg to the systolic BP, and 5 mmHg to the diastolic BP.1 

The details of second visit have been described previously.2  Briefly, the second in-person visit for REGARDS 
started in 2013 after the institutional review boards of all participating universities approved the study.  Participants 
were assessed using a similar protocol approximately 10 years after the baseline visit.  Through 2015, ~87% 
participants had completed telephone-administered risk factor assessments with ~12% participants declining 
participation in the second assessment.  Among those participants who agreed to participate ~72% in-person 
assessments have been performed.  All participants provided signed informed consent at baseline and follow-up 
visits.  Given the presence of 1) prevalent hypertension in 51% of participants in our cohort, 2) ongoing second 
visits, and 3) lack of time to incident hypertension data collection, our sample size/power for incident hypertension 
and BP progression analyses was reduced significantly. 

Statistical Analysis 

Analysis was performed using STATA 14.0 MP (StataCorp. 2015. Stata Statistical Software: Release 14. College 
Station, TX: StataCorp LP).  Differences in baseline characteristics among blacks and whites were compared by χ2 
tests for categorical and Mann-Whitney U test for continuous variables.  Cumulative distribution curves of N-
terminal-pro B type natriuretic peptide (NTproBNP) levels by race were constructed to assess racial differences.  
Associations of NTproBNP with race were evaluated by linear regression models including; 1) unadjusted; 2) age 
and sex adjusted; 3) multivariable models.  Natural log-transformed NTproBNP was the dependent variable for all 
models.  Covariates in multivariable models were included if they were known to clinically affect NTproBNP levels 
or were included in previous studies.3,4  These variables included age, sex, body mass index, systolic BP, anti-
hypertensive medications, aspirin use, hyperlipidemia, income, smoking, exercise, and eGFR.  White race was 
chosen as a reference, and the percentage difference with 95% confidence interval was calculated using the formula: 
(eβ-1) x 100 (β is the beta coefficient from linear regression).  We also conducted sensitivity analysis to assess the 
residual confounding of thiazide/loop diuretic use.  Those participants on loop and thiazide diuretic were excluded 
and all above analyses were conducted in n=1,515 participants not on any diuretic medications. 

Cox Proportional Hazard modeling was used to estimate the association of natural log-transformed NTproBNP 
levels with all-cause mortality, and cause-specific mortality in unadjusted and adjusted models.  Covariates in 
multivariable models were included if they were known to clinically affect NTproBNP levels or were included in 
previous studies.3,4  The proportional-hazards assumption was tested based on Schoenfeld residuals.  To plot the 
relationship of NTproBNP and outcomes, we used multivariable adjusted restricted cubic splines models. The 
variables used in models are mentioned above.  Poisson modelling with three knots at 10th, 50th and 90th centile of 
NTproBNP (modeled as a linear continuous variable) was used to plot relationship between NTproBNP levels and 
all-cause mortality, cardiovascular (CV) mortality, and non-CV mortality. 

Logistic regression was used to assess the association between Natural log-transformed NTproBNP levels and 
incident hypertension in unadjusted and adjusted models.  Covariates in multivariable models were included if they 
were known to clinically affect NTproBNP levels or were included in previous studies.3,4  We also compared the 
risk of incident hypertension in blacks versus whites in the multivariable models.  We also assessed the interaction 
between race and Natural log-transformed NTproBNP levels on risk of incident hypertension using in the 
multivariable model.  

Linear regression was used to estimate the association between longitudinal changes in both systolic and diastolic 
BP and natural log-transformed NTproBNP levels in adjusted and unadjusted models.  Covariates in multivariable 
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models were included if they were known to clinically affect NTproBNP levels or were included in previous 
studies.3,4  We also assessed interaction of NTproBNP levels and race on mortality outcomes in the aforementioned 
models.  Linear regression model with restricted cubic splines and three knots at 10th, 50th, and 90th centile of 
NTproBNP (modeled as a linear continuous variable) were used to plot relationship between change in systolic and 
diastolic BP, and assess interaction between race and NTproBNP on BP changes.  

Meta-Analysis with Other Cohort Studies 

Our systematic literature search revealed two studies assessing racial differences in NTproBNP, the Dallas Heart 
Study (DHS) and Atherosclerosis Risk in Communities (ARIC) using identical NTproBNP assay.3,4  We utilized 
standard meta-analytic techniques to estimate and pool the percentage difference in NTproBNP in blacks compared 
to whites.  The β-estimates for log transformed NTproBNP in multivariable models (adjusted for similar factors 
across three cohorts) were pooled meta-analyzed using random effects model.5,6  Random effects models were used 
due to the observational nature of the data, with the underlying assumption that data comes from varied populations 
with different distributions.  The study and pooled estimates were transformed into percent differences between 
blacks and whites using the aforementioned formula and presented in a forest plot.  
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eTable 1. Racial Differences in NTproBNP Among Participants Free of Cardiovascular 
Disease, Renal Disease, and Not on Loop or Thiazide Diuretics (n=1,515) 

Variable Black (674) Whites (841) P Value 

NTproBNP 44 (22 - 88) 56 (32 - 101) <.001 

Log NTproBNP 3.8 (3.1 - 4.5) 4.0 (3.5 - 4.6) <.001 

Variables were shown as median and interquartile range, and were compared using Mann-Whitney U test. 
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eTable 2. Racial Differences in Plasma NTproBNP Levels in Multivariable Linear 
Regression Models in REGARDS Participants Who Were Not on Loop or Thiazide 
Diuretics (n=1,515), and Our Assembled Cohort of 1,998 Individuals 

Model Whites Blacks 
β (95% CI) 

% lower 
than 
whites 
(n=1,515) 

% lower 
than 
whites* 
(n=1,998) 

P Value 

Unadjusted Reference -0.24 (-0.33 to - 0.15) -21% -21% <.001 

Age, sex Reference -0.24 (-0.31 to -0.16) -21% -23% <.001 

Age, sex, income, 
college education, 
exercise, smoking, 
alcohol, body-mass 
index, systolic blood 
pressure, anti-
hypertensive 
medications, aspirin 
use, hyperlipidemia, 
diabetes mellitus, and 
eGFR 

Reference -0.32 (-0.41 to - 0.23) -27% -27% <.001 

*: Values shown were from overall cohort. 
Multivariable linear regression models using natural log-transformed NTproBNP as the dependent variable and race as the 
independent variable in participants free of cardiovascular disease, renal disease, and not on diuretics were used.  White was 
chosen as reference.  Values shown were beta coefficient (95% confidence interval) which were on the log NTproBNP scale.  
Percentage lower than whites was the estimated % difference in NTproBNP levels in blacks vs. whites which was calculated 
by using the formula (eβ-1)*100 assuming all other variables in the model remained constant.  
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eTable 3. Association of a 1-SD Increment of Natural Log of Baseline Plasma 
NTproBNP Levels With Incident Hypertension 

 
Model Odds Ratio (95% CI) P Value 

Overall cohort*   

Unadjusted 0.93 (0.77-1.13) .50 

Age, sex, race 0.84 (0.66-1.08) .17 

Age, sex, race, income, college education, exercise, 
smoking, alcohol, body-mass index, aspirin use, 
hyperlipidemia, diabetes mellitus and eGFR 

0.93 (0.70-1.23) .61 

Blacks   

Unadjusted 1.00 (0.71-1.41) .99 

Age, sex 0.87 (0.58-1.31) .51 

Age, sex, race, income, college education, exercise, 
smoking, alcohol, body-mass index, aspirin use, 
hyperlipidemia, diabetes mellitus and eGFR 

0.91 (0.57-1.45) .69 

Whites   

Unadjusted 0.97 (0.76-1.24) .82 

Age, sex 0.83 (0.61-1.13) .23 

Age, sex, race, income, college education, exercise, 
smoking, alcohol, body-mass index, aspirin use, 
hyperlipidemia, diabetes mellitus and eGFR 

1.01 (0.69-1.48) .95 

Values shown were odds ratio (95% confidence interval) for every one standard deviation increment of natural log of baseline 
plasma NTproBNP levels in logistic regression models. 
Incident hypertension analyses were conducted in 529 out of 1,998 participants (who were free of hypertension at the baseline visit 
and had hypertension status ascertained at second visit).  
*: There was no interaction between race and natural log plasma NTproBNP levels on risk of incident hypertension (OR, 1.10; 95% 
CI, 0.69-1.77; P=0.68).   
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eTable 4. Association of Natural Log of Baseline Plasma NTproBNP Level With Change 
in Systolic Blood Pressure 
 

*: β-Coefficient was derived from linear regression models with change in systolic blood pressure as dependent variable and natural 
log NTproBNP levels as independent variable. 

  

Model β-Coefficient*   95% CI for Difference  P Value 

Unadjusted -0.14 -1.59, 1.31 .849 

Age, sex, race -0.12 -1.94, 1.71 .899 

Age, sex, race, income, college 
education, exercise, smoking, 
alcohol, body-mass index, 
aspirin use, hyperlipidemia, 
diabetes mellitus and eGFR 

-0.13 -2.16,1.89 .896 
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eTable 5. Association of Natural Log of Baseline Plasma NTproBNP Levels With 
Change in Diastolic Blood Pressure 
 

*: β-Coefficient was derived from linear regression models with change in diastolic blood pressure as dependent variable and natural 
log NTproBNP levels as independent variable.  

 
 
 
 
 

Model * β-Coefficient*  95% CI for Difference  P Value 

Unadjusted 0.23 -0.95, 1.42 .698 

Age, sex, race 0.34 -1.16, 1.84 .654 

Age, sex, race, income, college 
education, exercise, smoking, 
alcohol, body-mass index, 
aspirin use, hyperlipidemia, 
diabetes mellitus and eGFR 

-0.07 -1.76, 1.62 .936 
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eFigure 1. Cumulative Distribution Plot of NTproBNP Levels on Natural Log Scale by 
Race in the REGARDS Study 

 NTproBNP 
levels on natural log scale are lower in blacks, as compared to whites (p<0.001).  
For example, “~58% blacks had NTproBNP levels less than 55 while ~48% had NTproBNP levels less than 55.” 
p-value determined by Mann-Whitney U test. 
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eFigure 2. Association of Plasma NTproBNP With Longitudinal Changes in Systolic 
Blood Pressure by Race 

 
 
Solid black line represents black individuals and solid grey line represents white individuals. Dashed lines represent 95% confidence 
interval. 
Systolic blood pressure changes adjusted for age, sex, income, college education, exercise, smoking, alcohol, body-mass index, 
aspirin use, hyperlipidemia, diabetes mellitus and eGFR. 
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eFigure 3. Association of Plasma NTproBNP With Longitudinal Change in Diastolic 
Blood Pressure by Race 

Solid black line represents black individuals and solid grey line represents white individuals. Dashed lines represent 95% confidence 
interval. 
Diastolic blood pressure changes adjusted for age, sex, income, college education, exercise, smoking, alcohol, body-mass index, 
aspirin use, hyperlipidemia, diabetes mellitus and eGFR. 
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