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Abstract

Background—Natriuretic peptides (NP) are hormones with natriuretic, diuretic, and 

vasodilatory effects. Experimental NP deficiency promotes salt-sensitive hypertension and cardiac 

hypertrophy, conditions that are more common among black individuals. We hypothesized that 

black individuals have lower N-terminal pro B-type natriuretic peptide (Nt-proBNP) levels than 

white and Hispanic individuals.

Objectives—To assess whether Nt-proBNP levels differ according to race/ethnicity.

Methods—We examined plasma Nt-proBNP levels according to race/ethnicity in 3,148 

individuals (51% black, 31% white, 18% Hispanic) free of prevalent cardiovascular disease in the 

Dallas Heart Study. Nt-proBNP values in the bottom sex-specific quartile were defined as low. 

Multivariable linear and logistic regression analyses were performed adjusting for clinical 

covariates and MRI measurements of cardiac structure and function.

Results—Hypertension was present in 41%, 25%, and 16% of black, white, and Hispanic 

individuals, respectively. Unadjusted Nt-proBNP levels were lowest in blacks (median 24 pg/ml; 

IQR 10, 52) as compared with Hispanic (30 pg/ml; IQR 14, 59) and white individuals (32 pg/ml; 

IQR 16, 62), P < 0.0001. In multivariable-adjusted models, black individuals still had significantly 

lower Nt-proBNP levels (-39% [95%CI -46%, -31%]; P < 0.0001) and greater odds of having low 

Nt-proBNP (OR: 2.46, [95% CI 1.86, 3.26]), compared with whites. In contrast, Nt-proBNP levels 

did not significantly differ between Hispanic and white individuals (P = 0.28). The finding of 
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lower Nt-proBNP levels in blacks was similar when analyses were restricted to healthy 

participants without cardiovascular risk factors.

Conclusions—In this multi-ethnic cohort, Nt-proBNP levels differ substantially according to 

race/ethnicity. Despite a higher prevalence of hypertension, blacks had significantly lower NP 

levels than white and Hispanic individuals. A relative NP “deficiency” among black individuals 

may lead to greater susceptibility to salt retention and hypertension.
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Introduction

Natriuretic peptides are hormones with natriuretic, diuretic, and vasodilatory effects (1). 

They are produced in response to increased cardiac wall stress, as seen in conditions such as 

hypertension and heart failure (2-10). Data from animal studies and human genetic studies 

suggest that impaired natriuretic peptide production can promote salt-sensitive hypertension 

and cardiac hypertrophy (11-15).

It has been proposed that conditions such as obesity may lead to a “relative deficiency” in 

natriuretic peptides, increasing susceptibility to salt retention and related disorders (1). Such 

a deficiency may be characterized by low or undetectable concentrations of natriuretic 

peptides in healthy individuals, or lower than expected concentrations in individuals with 

conditions (such as hypertension) in which higher levels are normally found. The impact of 

race and ethnicity on the natriuretic peptide axis is not well studied, but is important to 

understand because hypertension and cardiac hypertrophy disproportionately affect certain 

racial/ethnic groups. A few reports suggest that black individuals have lower natriuretic 

peptide levels than whites (16-20), but these studies were limited in that they were 

performed in clinically referred populations and/or were not designed to specifically focus 

on race/ethnic differences in natriuretic peptide levels and thus did not fully account for 

potential confounding factors.

Therefore, we examined the association on race/ethnicity and natriuretic peptides in the 

Dallas Heart Study, a large multi-ethnic cohort with extensive characterization of 

cardiovascular risk factors and cardiac structure and function. We hypothesized that black 

individuals have lower natriuretic peptide levels than white and Hispanic individuals.

Methods

Study population

The Dallas Heart Study is a multi-ethnic, probability-based, population cohort study of 

Dallas County adults, with a deliberate oversampling of black individuals for which detailed 

methods have been previously reported (21). In brief, between 2000 and 2002, a total of 

6,101 individuals were enrolled. N-terminal pro B-type natriuretic peptide (Nt-proBNP) was 

measured in 3,527 individuals, as described below. Of these, 269 had self-reported prevalent 

cardiovascular disease, defined as myocardial infarction, heart failure, or stroke, and were 
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excluded from this analysis. Individuals self-reporting race as “other” were also excluded 

(n=l 10), yielding 3,148 individuals in the final analysis. The protocol was approved by the 

institutional review board of the University of Texas Southwestern Medical Center and 

participants provided written informed consent.

Race/ethnicity and other covariates

Race/ethnicity was self-reported as black, Hispanic, or white. Conventional clinical 

definitions for hypertension and diabetes mellitus were used (22). Education and income 

were ascertained by self-report. Heart rate and blood pressure were measured as previously 

described (22). Body mass index was calculated from weight (kilograms)/height (meters)2. 

Lean and fat mass were determined by dual-energy x-ray absorptiometry (23). The 

homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as fasting 

insulin (μIU/ml) × fasting glucose (mmol/l)/22.5 (24). Estimated glomerular filtration rate 

(eGFR) was calculated using the Modification of Diet in Renal Disease equation (25) and 

urine microalbumin was measured as previously reported (26).

Cardiac MRI

Left ventricular (LV) mass and ejection fraction (EF) were determined from cardiac 

magnetic resonance imaging in a subset of participants (n=2,549), as previously described 

(27). Briefly, short-axis, breath-hold, electrocardiographic-gated cine magnetic resonance 

images were obtained on 1.5-T MRI systems (Phillips Medical) and analyzed offline to 

calculate LV mass and ejection fraction. LV mass was indexed to body surface area.

Nt-proBNP

Venous blood was collected in standard EDTA tubes. Samples were maintained at 4°C for ≤ 

4 hours during which they were centrifuged (1,430g for 15 minutes). Plasma was then 

removed and frozen at -70°C until Nt-proBNP assays were performed using the Elecsys 

proBNP platform (Roche Diagnostics, Indianapolis, IN) (28). The lower limit of detection 

was 5 pg/ml. The coefficient of variation was 3.3% at a concentration of 282 pg/ml and 

3.0% at concentration of 6,012 pg/ml. “Low” Nt-proBNP values were defined a priori as 

values at or below the sex-specific 25th percentile (≤ 7.3 pg/ml for men, ≤ 19.4 pg/ml for 

women).

Statistical analyses

Dallas Heart Study participants were categorized according to self-reported race/ethnicity. 

Summary statistics for covariates were calculated as percentages and median (25th,75th 

percentiles) for categorical and continuous data, respectively. Nt-proBNP levels were 

compared between race/ethnic groups by Kruskal-Wallis or Chi-squared tests, as 

appropriate. Sequential multivariable adjusted linear regression models were used to assess 

the associations between race/ethnicity (independent) and natural log transformed Nt-

proBNP levels (dependent). The multiplicative effect (percent difference) on Nt-proBNP 

levels was estimated by the formula (eβ-l)*100, where β is the coefficient from linear 

regression models. Multivariable logistic regression models were used to calculate the 

adjusted odds of low Nt-proBNP levels by race. Based on prior reports, we selected the 
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following variables for inclusion in adjusted models: age, sex, heart rate, anti-hypertensive 

medication use, systolic blood pressure, diabetes mellitus, body mass index, eGFR, urine 

microalbumin, education, income, LV mass, and LVEF. Multivariable models were repeated 

in the following sensitivity analyses: a) restricting the study population to participants 

without diabetes to allow adjustment for HOMA-IR, b) replacing BMI with lean and fat 

mass and c) restricting to healthy participants, defined as individuals with BMI 18-25 kg/m2, 

without hypertension, diabetes mellitus, insulin resistance, chronic kidney disease, or left 

ventricular hypertrophy (n=388). All statistical analyses were performed using SAS version 

9.2 (SAS Institute, Inc., Cary, NC). For all statistical tests, 2-sided P values < 0.05 were 

considered significant without adjustment for multiple testing.

Results

Study sample

The study population was 51% black, 31% white, and 18% Hispanic (Table 1). Compared 

with white individuals, blacks and Hispanics were younger and more likely to be female. 

Blacks had the highest prevalence of hypertension (41%) compared with white (25%), and 

Hispanic (16%) individuals, P < 0.0001. LV mass index was also higher among black 

(median 83 g/m2; IQR 72, 96) compared with white (median 77 g/m2; IQR 68, 89) and 

Hispanic (median 78 g/m2; IQR 69,88) individuals, P < 0.0001.

Despite the higher prevalence of hypertension and higher LV mass among black individuals, 

unadjusted Nt-proBNP levels were significantly lower in black individuals (median 24 

pg/ml; IQR 10, 52) as compared with white (32 pg/ml; IQR 16, 62), and Hispanic (30 pg/ml; 

IQR 14, 59) individuals, P < 0.0001. Low Nt-proBNP levels (using the pre-specified 

definition) were observed nearly twice as often among black individuals (32%) than white 

(17%) or Hispanic (19%) individuals, P < 0.0001 (Table 1).

Race/ethnic differences in plasma Nt-proBNP levels: Multivariable analyses

In multivariable linear regression analyses, adjusted log Nt-proBNP levels were 39% lower 

in blacks (95% confidence interval [CI], -46% to -31%; P < 0.0001) compared with whites 

(Table 2). The addition of HOMA-IR to multivariable models did not attenuate the 

association between black race and Nt-proBNP levels (Table 2). In contrast, Nt-proBNP 

levels did not significantly differ between Hispanic and white individuals (Table 2). Results 

were similar in models substituting lean and fat mass for body mass index (data not shown).

A similar pattern was observed in analyses restricted to healthy individuals with normal 

cardiac structure and function. In this healthy subsample, Nt-proBNP levels were 41% lower 

in black individuals compared with white individuals (95% CI, -55% to -22%; P = 0.0002). 

There was no difference in Nt-proBNP levels between Hispanic and white individuals in this 

subsample, (-7%, 95% CI -34% to 30%; P = 0.50).

Multivariable logistic regression was performed to examine factors associated with “low” 

Nt-proBNP levels. Compared with whites, black individuals were more than twice as likely 

to have low Nt-proBNP levels (multivariable-adjusted OR: 2.46, 95% CI 1.86 to 3.26; P < 

0.0001), which was consistent across multiple subgroups (Figure 1). The odds of low Nt-
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proBNP did not significantly differ between Hispanic and white individuals, (OR 1.00, 95% 

CI 0.69 to 1.45; P = 0.995).

Discussion

In this large, population-based, multi-ethnic study, we found that black individuals have 

considerably lower plasma natriuretic peptide levels than white individuals. The lower 

natriuretic peptide levels were specific to blacks, as differences were not consistently 

observed between other racial/ethnic groups. The lower levels in blacks were not explained 

by confounding from conditions that typically alter natriuretic peptide levels, such as 

hypertension, increased left ventricular mass, obesity, and older age. These findings support 

the hypothesis that black race is associated with a “relative deficiency” in natriuretic 

peptides. In the context of experimental evidence that natriuretic peptide deficiency is 

associated with salt-sensitive hypertension and left ventricular hypertrophy, our findings 

raise the possibility that a blunted natriuretic peptide system might contribute to the 

increased susceptibility to hypertension and related disorders in blacks (Figure 2).

Reduced natriuretic peptide levels have previously been observed in a number of conditions 

including obesity, diabetes mellitus, and insulin resistance (28-33). These conditions are 

more common among black individuals and while some studies suggest that blacks may 

have lower natriuretic peptide levels than whites (16-20), these prior reports did not 

specifically focus on race/ethnic differences in natriuretic peptide levels while accounting 

for comorbidities. The measurement of Nt-proBNP in a multi-ethnic community dwelling 

cohort with extensive phenotype data available afforded the ability to examine whether 

natriuretic peptide levels differ by race/ethnicity and are lower in blacks independent of 

body mass index, diabetes mellitus, insulin resistance, and other factors previously 

demonstrated to influence natriuretic peptide levels. We found that Nt-proBNP levels were 

40% lower in black compared with white individuals, even after accounting for other 

factors. This difference is substantial and likely to be clinically significant. For instance, 

obesity and insulin resistance, conditions in which lower natriuretic peptide levels have been 

widely corroborated, are associated with 6-20% and 10-30% lower Nt-proBNP levels, 

respectively (34). Genetic variants (rs5068 and rsl98358) in the natriuretic peptide precursor 

A and B gene loci provide insight into the consequences of variation in natriuretic peptide 

levels within the “normal” range. The alleles related to 20% lower circulating natriuretic 

peptides are associated with a 15% higher risk of hypertension (35). This association 

between genetic variants, lower natriuretic peptide levels, and increased risk of hypertension 

was present despite these lower natriuretic peptide levels being within a range that would be 

considered “normal” or not diagnostic of heart failure.

Genetic variation may contribute to lower natriuretic peptide levels in black individuals. 

Previous studies have demonstrated that natriuretic peptide levels are a heritable trait (36). 

However, there are limited data on racial differences in the genetics of the natriuretic peptide 

system (37,38). Corin is a cardiac serine protease involved in processing natriuretic peptide 

prohormones to yield active natriuretic peptides (39). Missense variants in the corin gene are 

more common in blacks than whites, and individuals with reduced function corin variants 

are at increased risk for hypertension and ventricular hypertrophy (37,40). Transgenic mice 
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harboring the corin variant previously identified in black individuals demonstrate salt-

sensitive hypertension and cardiac hypertrophy, thereby recapitulating the clinical 

phenotype (15). Furin is a serine endoprotease that is also involved in processing proBNP to 

Nt-proBNP and BNP (41). A single nucleotide polymorphism in furin (rs2521501) is 

associated with higher blood pressure and hypertension in both individuals of African and 

European ancestry (42). However, in the 1000 Genomes Project, this furin variant was 

present more commonly in persons of European compared with African ancestry (32% vs 

21%), suggesting that it is unlikely to account for the lower NT-proBNP levels observed in 

black compared with white individuals in the Dallas Heart Study (43). Nonetheless, further 

studies are needed to clarify the relative contributions of synthesis, release, and clearance 

mechanisms to the lower natriuretic peptide levels observed in black individuals.

A relative natriuretic peptide deficiency may predispose to increased susceptibility to 

cardiovascular risk factors and disease in black individuals. Recently, the PARADIGM-HF 

trial demonstrated that combined neprilysin and angiotensin inhibition was superior to 

angiotensin inhibition alone in reducing heart failure progression and cardiovascular death in 

patients with heart failure and reduced ejection fraction, supporting chronic enhancement of 

the natriuretic peptide system as a therapeutic strategy (44,45). Augmenting the natriuretic 

peptide system may be an attractive and novel preventive and therapeutic approach to reduce 

the burden of cardiovascular risk factors and disease, particularly among high risk 

individuals with relative natriuretic peptide deficiencies, e.g. blacks. However, this 

hypothesis remains to be formally tested, especially because the small number of black 

individuals included in PARADIGM-HF trial precludes robust conclusions regarding the 

efficacy of neprilysin inhibition in this racial group.

Strengths and limitations

We evaluated racial/ethnic differences in Nt-proBNP levels in a well-phenotyped, multi-

ethnic, community-dwelling adult population. The large sample size allowed the use of 

multivariable adjusted analyses to account for factors that influence natriuretic peptide 

levels, including LV mass and ejection fraction measured by cardiac magnetic resonance 

imaging. We were also able to demonstrate the consistency of the finding of lower Nt-

proBNP in blacks across multiple clinically-relevant subgroups. Several limitations also 

merit comment.

Race/ethnicity was determined from participant self-report, which may result in 

misclassification bias. The proportion of Hispanic individuals in the Dallas Heart Study was 

relatively small (18%) compared to the other race/ethnic groups, which may have limited 

statistical power to detect a difference in Nt-proBNP levels. In a proportion of healthy 

individuals, plasma Nt-proBNP levels are below the detection limit. However, censoring of 

low levels would be expected to bias against the finding of lower natriuretic peptide levels in 

blacks versus whites. The mechanisms contributing to the racial differences in Nt-proBNP 

levels could not be determined in this observational cohort. Whether specific genetic 

variants contribute to the racial differences in natriuretic peptide levels is a question for 

further study. Racial differences in Nt-proBNP levels may also be related to natriuretic 

peptide processing. However, precise measurement of different natriuretic peptide isoforms 
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would require mass spectrometry, which is beyond the scope of this study, but may be a 

future direction.

Conclusion

Despite a higher prevalence of hypertension and greater left ventricular mass, blacks have 

significantly lower natriuretic peptide levels than white individuals. Black individuals may 

have a relative natriuretic peptide deficiency that predisposes to cardiovascular risk. The 

natriuretic peptide system may represent a target for the prevention and treatment of 

cardiovascular disease, particularly in black individuals.

Perspectives

Competency in medical knowledge—Natriuretic peptides are cardiac derived 

hormones with protective cardio-metabolic effects. Deficiencies of the natriuretic peptide 

system are associated with the development of cardiovascular risk factors, such as 

hypertension, left ventricular hypertrophy, and hyperglycemia; conditions more common 

among black individuals. We found that Nt-proBNP levels are 40% lower in black 

compared with white individuals.

Translational outlook—Augmenting the natriuretic peptide system in individuals with 

relative natriuretic peptide deficiencies, e.g. blacks, may be an attractive and novel strategy 

for the prevention of cardiovascular risk factors and disease.
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Figure 1. Odds of low Nt-proBNP levels in black compared with white participants in the Dallas 
Heart Study, overall and in selected subgroups
Odds ratios (95% CI) for low Nt-proBNP (defined as the lowest sex-specific quartile: ≤ 7.3 

pg/ml for men; ≤ 19.4 pg/ml for women) for black compared with white individuals. Models 

are adjusted for race/ethnicity, age, sex, heart rate, anti-hypertensive medication use, systolic 

blood pressure, diabetes mellitus, body mass index, estimated glomerular filtration rate, 

urine microalbumin, education, and income. Analyses including HOMA-IR are restricted to 

individuals without diabetes mellitus. HOMA-IR = homeostatic assessment model for 

insulin resistance. For lean mass subgroup analyses, models included lean and fat mass in 

place of BMI. BMI = body mass index
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Figure 2. Central illustration. Consequences of natriuretic peptide deficiency
Natriuretic peptides are cardiac derived hormones that affect target organs resulting in 

cardiometabolic protective effects. Relative deficiencies of natriuretic peptides are 

associated with adverse phenotypes.
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Table 1

Baseline characteristics of Dallas Heart Study participants without prevalent cardiovascular disease.

White Black Hispanic

N=969 N=1,606 N=573

Age, years 45 (37, 52) 43 (36, 52) 38 (33, 46)

Female, % 53 58 58

Hypertension, % 25 41 16

Anti-hypertensive med, % 16 21 9

Diabetes mellitus, % 6 13 11

Heart rate, bpm 73 (66, 80) 76 (69, 83) 72 (66, 79)

Systolic BP, mmHg 118 (110, 127) 126 (115, 139) 116 (107, 126)

Diastolic BP, mmHg 75 (70, 81) 80 (74, 86) 74 (68, 80)

BMI, kg/m2 27.3 (23.9, 31.5) 29.2 (24.8, 34.2) 28.5 (25.4, 32.3)

Lean mass, kg 54.3 (44.4,64.2) 56.2 (48.2,65.7) 49.8 (41.9,60.0)

Fat mass, kg 24.8 (19.0,32.3) 27.2 (18.3,36.5) 24.5 (19.1,30.8)

Fasting glucose, mg/dL 91 (84, 99) 92 (84, 103) 95 (88, 103)

HOMA-IR 2.28 (1.33, 4.12) 3.23 (1.79, 5.53) 3.34 (1.82, 5.48)

eGFR, ml/min/1.73m2 90 (80, 100) 102 (88, 117) 103 (92, 120)

Urine microalbumin, mg 0.30 (0.20, 0.50) 0.40 (0.20, 1.00) 0.40 (0.20, 0.70)

LV mass index, g/m2 77 (68, 89) 83 (72, 96) 78 (69, 88)

LV ejection fraction, % 72 (68, 77) 73 (68, 77) 75 (70, 79)

Nt-proBNP, pg/ml 32 (16, 61) 24 (10, 52) 30 (14, 59)

Low Nt-proBNP, % 17 32 19

Results presented are median (25th, 75th percentiles) for continuous or percentage for categorical variables. Low Nt-proBNP defined as the lowest 
sex-specific quartile (≤ 7.3 pg/ml for men; ≤ 19.4 pg/ml for women). Total n for HOMA-IR = 2,710. Total n for LV mass index and LVEF = 2,549. 
Med = medication, BPM = beats per minute, BP = blood pressure, BMI = body mass index, HOMA-IR = homeostatic model assessment for insulin 
resistance, eGFR = estimated glomerular filtration rate, LV = left ventricular. P < 0.0001 for all between group comparisons, except female (P = 
0.017).
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