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Background-—Natriuretic peptides promote natriuresis, diuresis, and vasodilation. Experimental deficiency of natriuretic peptides
leads to hypertension (HTN) and cardiac hypertrophy, conditions more common among African Americans. Hospital-based studies
suggest that African Americans may have reduced circulating natriuretic peptides, as compared to Caucasians, but definitive data
from community-based cohorts are lacking.

Methods and Results-—We examined plasma N-terminal pro B-type natriuretic peptide (NTproBNP) levels according to race in 9137
Atherosclerosis Risk in Communities (ARIC) Study participants (22% African American) without prevalent cardiovascular disease at visit 4
(1996–1998). Multivariable linear and logistic regression analyses were performed adjusting for clinical covariates. Among African
Americans, percent European ancestry was determined from genetic ancestry informative markers and then examined in relation to
NTproBNP levels inmultivariable linear regression analysis. NTproBNP levelswere significantly lower inAfricanAmericans (median, 43 pg/mL;
interquartile range [IQR], 18, 88) than Caucasians (median, 68 pg/mL; IQR, 36, 124; P<0.0001). In multivariable models, adjusted log
NTproBNP levels were 40% lower (95% confidence interval [CI], �43, �36) in African Americans, compared to Caucasians, which was
consistent across subgroups of age, gender, HTN, diabetes, insulin resistance, and obesity. African-American race was also significantly
associated with having nondetectable NTproBNP (adjusted OR, 5.74; 95% CI, 4.22, 7.80). In multivariable analyses in African Americans, a
10% increase in genetic European ancestry was associated with a 7% (95% CI, 1, 13) increase in adjusted log NTproBNP.

Conclusions-—African Americans have lower levels of plasma NTproBNP than Caucasians, which may be partially owing to genetic
variation. Low natriuretic peptide levels in African Americans may contribute to the greater risk for HTN and its sequalae in this
population. ( J Am Heart Assoc. 2015;4:e001831 doi: 10.1161/JAHA.115.001831)
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N atriuretic peptides (NPs) are hormones with cardiovas-
cular (CV) andmetabolic effects, including the promotion

of natriuresis, diuresis, and vasodilation, as well as triggering
lipolysis, weight loss, and improved glucose sensitivity.1

Experimental, genetic, and clinical evidence supports that
relative NP deficiencies may contribute to the development of
cardiometabolic risk factors, including hypertension (HTN) and
diabetes mellitus (DM).2–5 Prevalence of cardiometabolic risk
factors, such as HTN, DM, and obesity, is higher in African
Americans, compared to Caucasians6; however, there are
limited data regarding whether NP levels differ by race.

Whereas some studies suggest that African Americans may
have lower levels of NP, these predominantly included
patients presenting to the emergency department with acute
dyspnea, raising the possibility of confounding by comorbid-
ities.2,7–9 Whether NP levels differ according to race in
community-dwelling individuals free of prevalent CV disease
(CVD) has not been specifically examined.10 Furthermore,
whether there is a genetic contribution to NP levels in African
Americans is not well understood. We hypothesized that
African-American individuals have lower NP levels than
Caucasians and tested this hypothesis in the Atherosclerosis
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Risk in Communities (ARIC) Study, which is a large, prospec-
tive, observational cohort study of predominantly African-
American and Caucasian participants from 4 communities in
the United States.

Methods

Study Population
ARIC is an ongoing, prospective, observational study of the
natural history of CV risk factors and atherosclerotic diseases.
Detailed study rationale, design, and procedures have been
previously published.11 The original cohort included 15 792
participants recruited between 1987 and 1989 using proba-
bility sampling of middle-aged (45 to 64 years old) men and
women from 4 communities in the United States (Forsyth
County, NC; Jackson, MS; suburban Minneapolis, MN; and
Washington County, MD). Enrollment of African Americans
varied by field center (Jackson 100%; Forsyth County 12%;
Minneapolis <1%; Washington County <1%). Subsequent
follow-up visits occurred at 3-year intervals up to 1998, with
annual telephone interviews conducted between visits and to
the present. A fifth visit was recently completed (2011–2013).
Institutional review boards from each site approved the study,
and informed consent was obtained from all participants.

The fourth ARIC exam occurred between 1996 and 1998,
was attended by 11 656 participants, and is the basis for this
analysis given that plasma N-terminal pro B-type natriuretic
peptide (NTproBNP) levels were measured on samples
obtained at this visit. We excluded 2519 participants for the
following reasons: missing plasma NT-proBNP levels (n=405);
self-reported race other than African American or Caucasian
(n=31); prevalent or missing status regarding prevalent CVD
(defined as coronary artery disease, heart failure, atrial
fibrillation/flutter, or stroke; n=1989), or missing baseline
characteristics of interest (n=94). After exclusions, the final
study population was comprised of 9137 individuals.

NTproBNP
Plasma samples were collected from participants at visit 4 and
stored at �70°C. NTproBNP levels were measured using an
electrochemiluminescent assay on a Cobas e411 analyzer
(Roche Diagnostics, Indianapolis, IN), as previously described.12

The measurement range was 5 to 35 000 pg/mL, with a value
of 2.5 pg/mLassigned to participantswith levels below the limit
of detection. The coefficient of variation was 3.5% to 4.7%.12

Covariates
Established definitions for HTN, obesity, DM, and smoking
status, as previously described in ARIC, were utilized.13

Annual household income was determined by participant self-
report at visit 1 (1987–1989). HTN was defined as systolic
(SBP) or diastolic blood pressure (DBP) ≥140 or ≥90 mm Hg,
respectively, or use of antihypertensive medications, which
were classified according to the Medispan Therapeutic
Classification system.14 Body mass index (BMI) was calcu-
lated from measured height and weight, with obesity defined
as a BMI ≥30 kg/m2. Creatinine and fasting glucose were
measured according to standardized protocols; estimated
glomerular filtration rate (eGFR) was calculated with the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation with chronic kidney disease (CKD) defined as an
eGFR <60 mL/min per 1.73 m2.15 Prevalent DM was defined
as fasting glucose ≥126 mg/dL or nonfasting glucose
≥200 mg/dL, self-report of physician diagnosis of diabetes,
or use of antidiabetic medications. Among participants
without DM, the homeostatic model assessment method
was used to quantify insulin resistance (HOMA-IR) as fasting
glucose (mg/dL)9insulin/405.16 Urine microlbuminuria was
measured and categorized as previously described, with
microalbuminuria defined as a urine albumin-to-creatinine
ratio of 30 to 300 mg/g.17

Percent European Ancestry Among African
Americans
Genotyping methods for estimating genetic ancestry among
African Americans in the ARIC Study have been previously
described.18,19 Briefly, genotyping was performed on stored
DNA from visit 1 using the Illumina BeadLab platform at the
Center for Inherited Heart Disease Research (Johns Hopkins
University, Baltimore, MD). Single-nucleotide polymorphisms
(SNPs) with frequencies that significantly differed between
African and Caucasian ancestral populations were defined as
ancestry informative markers (AIMs). Among African Ameri-
cans, who represent an admixed population, percentage
European ancestry (PEA) was estimated using 1350 AIMs.
Race-specific frequencies of each SNP among the AIMs were
estimated from West African and European samples to
provide a Bayesian prior for ancestral allele frequencies.
PEA was available in 1656 (86%) of African Americans in the
final study population for this analysis.

Statistical Analyses
Participants were categorized according to self-reported race
as African American or Caucasian. Summary statistics for
covariates were calculated as counts (percentages), and
medians (interquartile ranges; IQRs) for categorical and
continuous data, respectively. Comparisons between African
Americans and Caucasians were made by chi-square (v2) or
Wilcoxon rank-sum tests, as appropriate. A cumulative
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distribution plot was derived in order to compare natural log-
transformed NTproBNP levels according to race. Three
sensitivity analyses were performed to compare NTproBNP
levels between African Americans and Caucasians when
restricted to: (1) participants with detectable NTproBNP levels
(≥5.0 pg/mL); (2) healthy participants, defined as no
prevalent CVD, HTN, DM, CKD, past or current smoking, or
use of antihypertensive medications, aspirin, or lipid-lowering
therapy and BMI <25 kg/m2; and (3) participants from
Forsyth County, North Carolina, which was the only ARIC
field center with substantial numbers of both African Amer-
icans and Caucasians.

Multivariable linear regression was used to assess the
associations between race and NTproBNP. Given the non-
normal distribution (right-skewed) of NTproBNP, values were
natural log transformed before entry into regression models.
The multiplicative effect (percent difference) on log NTproBNP
levels was estimated by exponentiating the beta coefficients
(95% confidence interval [CI]) for each covariate. For example,
African-American race is associated with 40% lower log
NTproBNP levels than Caucasians because e�0.519=0.60.
Multivariable logistic regression was used to calculate the
adjusted odds of nondetectable NTproBNP levels according to
race. Covariates included in multivariable models included
race, age, gender, BMI, heart rate, SBP and DBP, fasting
glucose, eGFR, annual household income, HTN, antihyperten-
sive medication, DM, smoking status, and microalbuminuria.
In additional analyses, HOMA-IR was added into the multivar-
iable logistic and linear regression models to account for the
association between insulin resistance and plasma NTproBNP
levels. Multivariable linear regression analyses were also
repeated among African Americans, with inclusion of PEA as a
covariate. Before entry into regression models, all continuous
variables were standardized to 1 SD change from the mean.
All analyses were performed using Stata software (11.2; Stata
Corp, College Station, TX).

Results

Plasma NTproBNP Levels
African Americans accounted for 22% of the study population.
Compared to Caucasians, African Americans were more likely
to be female, hypertensive, and have microalbuminuria; how-
ever, NTproBNP levels in African Americans (median, 43 pg/
mL; IQR, 18, 88) were significantly lower than in Caucasians
(median, 68 pg/mL; IQR, 36, 124; P<0.001; Table 1; Figure 1).
NTproBNP levels below the limit of detection were also more
frequent among African Americans (9%) than Caucasians (2%;
P<0.001). Significantly lower NTproBNP levels in African
Americans were also found when analyses were restricted to
(1) participants with detectable levels of NTproBNP, (2) healthy

participants, or (3) participants at the Forsyth County, North
Carolina, field center (data not shown).

Race and Plasma NTproBNP Levels: Multivariable
Analyses
In multivariable linear regression analysis, adjusted log
NTproBNP levels were significantly lower (–40%; 95% CI, �43,
�36) in African Americans than Caucasians, independent of
other factors associated with NTproBNP levels (Figure 2).
Covariates also associated with lower NTproBNP levels
included male gender, higher BMI, heart rate, and DBP, as well
as higher glucose and eGFR. In contrast, covariates associated
with higher levels of NTproBNP included increasing age,
lower household income, beta-blocker use, current smoking,
higher SBP, and presence of microalbuminuria. With inclusion
of HOMA-IR into the multivariable linear regression model,
increased insulin resistance was also significantly associ-
ated with lower NTproBNP levels (�14%; 95% CI, �16, �11),
although this did not attenuate the relationship between
African-American race and lower plasma NTproBNP levels
(�37%; 95% CI, �41, �33). In subgroup analyses, NTproBNP
levels were consistently lower in African Americans, as
compared to Caucasians (Figure 2).

Multivariable logistic regression was performed to examine
factors associated with nondetectable plasma NT-proBNP
levels (Table 2). After multivariable adjustment, African-
American race was associated with significantly increased
odds of having nondetectable levels (multivariable adjusted
odds ratio [OR], 5.74; 95% CI, 4.22, 7.80). In an additional
analysis with inclusion of HOMA-IR in the model, African-
American race remained significantly associated with
increased odds of nondetectable NTproBNP (OR, 5.51; 95%
CI, 3.91, 7.77).

Influence of Genetic Ancestry on Plasma
NTproBNP Levels Among African Americans
Among the 1656 African Americans in whom PEA data were
available, median PEA was 15% (IQR, 11, 23). In multivariable
linear regression models, a 1 SD (10%) increase in PEA was
associated with 7% (95% CI, 1, 13) higher adjusted NTproBNP
levels (P=0.025; Figure 3).

Discussion
Our principal finding is that African Americans have
substantially lower plasma NTproBNP levels, compared to
Caucasians. The lower levels of plasma NTproBNP in
African-American individuals were observed across clinically
relevant subgroups and appeared to be independent of
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other factors associated with low levels of NTproBNP,
including obesity and insulin resistance. PEA among African
Americans also correlated with NTproBNP levels, which not
only supports the observation of racial differences in NP
levels, but also suggests a genetic basis for lower NP levels
between individuals of West-African and European ancestry.
Given that previous experimental, genetic, and clinical
studies support that reductions in NP secretion are

associated with salt-sensitive HTN and incident DM,2,4 our
finding of lower levels of circulating NP levels in African-
American individuals may, in part, explain the increased
susceptibility to HTN and DM. Furthermore, the relative
reduction in NTproBNP level in African Americans versus
Caucasians observed in our study (�40%) is comparable to
that reported with obesity (20% to 40%),20 suggesting
physiological and clinical significance.

Table 1. Baseline Characteristics of African-American and Caucasian Participants Without Prevalent Cardiovascular Disease at
ARIC Visit 4 (1996–1998)

Characteristic
African Americans
n=1973

Caucasians
n=7164 P Value

Age, y 61 (57, 66) 62 (58, 67) <0.001

Men, % 35 43 <0.001

Household income/year, % <0.001

<$25 000 57 23

$25 000 to $49 999 26 38

>$50 000 17 39

Hypertension, % 63 39 <0.001

Antihypertensive medication, % 54 33 <0.001

Diuretic 23 12 <0.001

Beta-blocker 9 10 0.10

ACE inhibitor or ARB 11 10 0.14

Ca-channel blocker 16 8 <0.001

Diabetes mellitus, % 24 12 <0.001

Smoking status, % <0.001

Current smoker 18 14

Former smoker 35 44

Never smoker 47 42

BMI, kg/m2 29.5 (26.3, 33.6) 27.4 (24.5, 30.9) <0.001

Heart rate, bpm 68 (62, 72) 64 (60, 72) <0.001

SBP, mm Hg 130 (119, 145) 123 (112, 136) <0.001

DBP, mm Hg 75 (69, 81) 70 (63, 76) <0.001

Fasting glucose, mg/dL 103 (95, 115) 99 (93, 107) <0.001

eGFR, mL/min per 1.73 m2 100 (88, 111) 92 (82, 101) <0.001

UACR (mg/g), % <0.001

<30 89 95

30 to 299 9 5

>300 3 1

NTproBNP, pg/mL 43 (18, 88) 68 (36, 124) <0.001

Undetectable NTproBNP, % 9 2 <0.001

HOMA-IR* 2.9 (2.1, 4.2) 2.2 (1.5, 3.2) <0.001

Data presented as percentage or median (interquartile range) for categorical and continuous data, respectively. ACE indicates angiotensin converting enzyme; ARB, angiotensin receptor
blocker; ARIC, Atherosclerosis Risk in Communities; BMI, body mass index; bpm, beats per minute; Ca, calcium; DBP, diastolic blood pressure; eGFR, estimate glomerular filtration rate;
HOMA-IR, homeostatic model for assessment of insulin resistance; NTproBNP, N terminal pro B type natriuretic peptide; SBP, systolic blood pressure; UACR, urine albumin creatinine ratio.
*HOMA-IR determined only among individuals without diabetes mellitus (n=7652).
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Previous studies of hospitalized patients suggest that
African Americans may have lower NP levels than Cauca-
sians.2,7–9 However, these studies largely evaluated persons

presenting to the emergency department, such that the
coexistence of prevalent CVD and risk factors may have
confounded the associations between race and NP lev-
els.7,9,21 In contrast, the ARIC Study afforded the opportunity
to examine the impact of race on NP levels in a community-
based cohort of more than 9000 individuals free of prevalent
CVD. This sample size also allowed adjustment for confound-
ing factors, and we found that African Americans had lower
plasma NTproBNP levels than Caucasians, despite greater
frequencies of female gender, HTN, microalbuminuria, and
lower socioeconomic status among African Americans, each
of which correlated with higher, rather than lower, levels of
NP. Moreover, the finding of lower levels of plasma NTproBNP
in African Americans was independent of other factors
previously reported to be associated with low levels of
NTproBNP, including obesity, insulin resistance, and DM. The
significant and independent association between PEA and
NTproBNP levels among African Americans also suggests a
genetic basis for lower NP levels in African Americans.

Mechanisms for Reduced NTproBNP Levels in
African Americans
African Americans have a higher prevalence of HTN, left
ventricular hypertrophy, and microalbuminuria, conditions
that should raise NP levels.6,22–24 Consequently, the finding
in ARIC that African-American individuals have lower NP
levels, compared to white individuals, is counterintuitive and
suggests that nonhemodynamic factors may contribute. The
association between PEA and NTproBNP levels among African
Americans indicates an underlying genetic component. One
biologically plausible way in which NP levels may be
decreased is through impaired synthesis or reduced release
from cardiomyocytes. Indeed, previous studies indicate that
variations in processes related to the synthesis of NTproBNP,
such as genetic polymorphisms in the NPPB gene that
influence transcription, translation, and/or post-translational
processing, may contribute to lower NTproBNP levels,
although there are limited data on racial differences in the
genetics of the NP system.25

Alternatively, non-NPPB gene variations that affect NP
production and processing may be involved as well. For
example, corin is a protein that is partly responsible for
cleavage of NPs into the active carboxy-terminus hormone
and inactive amino-terminus propeptide.26 Variants in the
corin gene are more common among African Americans, and
experimental mouse models overexpressing the corin variant
observed in African Americans demonstrate increased salt
sensitivity, HTN, and hypertrophy, thereby recapitulating the
clinical phenotype.4,27 However, variation in the corin gene
may not fully explain the observed lower levels of NTproBNP
in ARIC given that the assay used detects both the

Figure 2. Forest plot of percent difference in log NTproBNP
levels in African Americans, compared to Caucasians, overall and
across subgroups of ARIC participants. African-American race is
significantly associated with lower NTproBNP levels, as compared
to Caucasians, in the overall study population and within
subgroups. Values shown are from multivariable adjusted linear
regression analyses (see Methods for covariates). For the insulin-
resistant subgroups, HOMA-IR was included as an additional
covariate in the multivariable adjusted analyses. ARIC indicates
Atherosclerosis Risk in Communities; HOMA-IR, homeostatic
model for assessment of insulin resistance; NTproBNP, N-terminal
pro B-type natriuretic peptide.

Figure 1. Cumulative distribution plot of log NTproBNP levels
according to race in ARIC. Natural log NTproBNP values are lower in
African Americans, as compared to Caucasians (P<0.001). For
example, the frequency of natural log NTproBNP levels ≤4
(NTproBNP=54.6 pg/mL) is�60% in African Americans, compared
to 40% of Caucasians. The lower limit of the natural log of NTproBNP
is truncated at 0.92 based upon the lowest value of NTproBNP of
2.5 pg/mL. ARIC indicates Atherosclerosis Risk in Communities;
NTproBNP, N-terminal pro B-type natriuretic peptide.
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76-amino-acid NTproBNP as well as the full 108-amino-acid
prohormone (proBNP),28 suggesting that NP levels in African
Americans may, in part, be regulated upstream of corin.
Future studies quantifying circulating proBNP, NTproBNP, and
BNP levels may help clarify the role of corin mutations in
African Americans, but are beyond the scope of this study.

Clearance of NTproBNP is not mediated through the same
processes that lead to clearance of the active hormone,
BNP.29 Therefore, it is also possible that the lower levels of
NTproBNP observed among African Americans may be related
to enhanced clearance in African Americans, compared to
Caucasians. BNP levels were not measured in ARIC; however,

NTproBNP and BNP levels have previously been demonstrated
to be highly correlated,30,31 suggesting that lower NTproBNP
levels also reflect lower BNP levels, and that differences in NP
between races may be determined upstream of clearance in
NP regulation pathways. However, further studies are needed
to elucidate and clarify the relative importance of synthesis,
release, and clearance mechanisms to the lower NP levels
observed in African Americans.

Strengths and Limitations
Strengths of the present investigation include the large
sample size, routine measurement of plasma NTproBNP in a
community-dwelling population, standard ascertainment of
clinical characteristics, use of multivariable adjusted analyses,
and consistency of the finding of lower plasma NTproBNP
levels across several sensitivity and subgroup analyses.
However, limitations should be noted. Plasma NTproBNP
levels in ambulatory community-dwelling participants may be
below the limit of detection; however, in a sensitivity analysis
restricted to individuals with detectable levels, plasma
NTproBNP remained significantly lower in African Americans,
as compared to Caucasians. Plasma BNP was not measured in
ARIC; therefore, it is possible that active NP hormone levels
may not differ according to race. However, NTproBNP and
BNP levels are highly correlated, even within a range of values
well below thresholds diagnostic of heart failure.30–32 Atrial
natriuretic peptide (ANP) was not measured in ARIC, although
other studies have indicated that mid-regional pro-ANP levels
may also be lower in African Americans, compared to
Caucasians.9 We did not assess cardiac structure and
function with echocardiography, given that these measures
were not obtained during ARIC visit 4. However, compared to
Caucasians, African Americans tend to have greater wall

Table 2. Characteristics Significantly Associated With Nondetectable Plasma NTproBNP Among ARIC Participants

NTproBNP Nondetectable
N=314

NTproBNP Detectable
N=8823 P Value OR*

Race, African American, % 56 20 <0.001 5.74 (4.22, 7.80)

Gender, male (%) 73 40 <0.001 4.97 (3.61, 6.83)

BMI, kg/m2 29.9 (27.1, 32.6) 27.8 (24.8, 31.4) <0.0001 1.29 (1.12, 1.48)

Heart rate, bpm 68 (64, 74) 66 (60, 72) <0.0001 1.32 (1.15, 1.52)

DBP, mm Hg 74 (68, 80) 71 (64, 77) <0.0001 1.23 (1.01, 1.52)

Fasting glucose, mg/dL 105 (98, 116) 99 (93, 108) <0.0001 1.19 (1.05, 1.35)

eGFR, mL/min per 1.73 m2 102 (91, 111) 94 (83, 103) <0.0001 1.18 (1.00, 1.38)

Nondetectable plasma defined as NTproBNP <5 pg/mL. Data presented as percentage or median (interquartile range) for categorical and continuous data, respectively. ARIC indicates
Atherosclerosis Risk in Communities; BMI, body mass index; bpm, beats per minute; DBP, diastolic blood pressure; eGFR, estimate glomerular filtration rate; NTproBNP, N terminal pro B
type natriuretic peptide; OR, odds ratio.
*OR adjusted for all covariates listed plus age, annual household income, history of hypertension, systolic blood pressure, antihypertensive medication class, diabetes mellitus, smoking
status, and the presence of microalbuminuria. ORs for continuous variables reflect odds per 1 SD (BMI=5.5 kg/m2; heart rate=9.5 bpm; DBP=10 mm Hg; fasting glucose=31 mg/dL;
eGFR=16.5 mL/min per 1.73 m2).

Figure 3. The relationship between genetically determined
percent European ancestry and plasma NTproBNP levels among
self-reported African Americans in ARIC. Among self-reported
African Americans, with increasing proportion of European
ancestry, there is a significant increase in plasma NTproBNP
levels. ARIC indicates Atherosclerosis Risk in Communities;
NTproBNP, N-terminal pro B-type natriuretic peptide.
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thickness,24 which is typically associated with higher NP
levels and therefore should bias the result toward the null;
however, we found that plasma NTproBNP levels were
significantly lower in African Americans, lending further
validity to these results. Though we adjusted for multiple
factors that may contribute to NTproBNP levels, there may be
residual confounding. In the estimation of PEA, which is based
upon samples from West Africa and Europe, there may be
misclassification bias owing to inability to account for local
ancestry. Further studies are needed to elucidate specific
genetic loci related to NP levels in African Americans. Finally,
in this cross-sectional study, we cannot determine a causal
association between low plasma NP levels and HTN, obesity,
and/or DM. However, it has previously been demonstrated in
ARIC that low plasma NP levels are associated with increased
risk for DM.2,3

Conclusion
We found a strong and independent association between race
and NP levels. The lower NTproBNP levels observed in African
Americans, compared to Caucasians, may help to explain
racial disparities in cardiometabolic risk given that lower NP
levels may increase the risk of HTN, obesity, and DM,
conditions more prevalent among African Americans. How-
ever, further studies are needed to confirm the causal role of
NPs and clarify the mechanisms leading to lower levels of NP,
of which our results suggest that genetic variation likely
contributes. Ultimately, augmentation of the NP system in
individuals with a relative NP deficiency may prove to be an
efficacious strategy for the prevention of cardiometabolic risk.
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