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OBJECTIVE: To assess in a US general adult population the ef-
fect of the functional single-nucleotide polymorphism rs198389 in 
the promoter region of the gene of brain-type natriuretic peptide 
(BNP) on 3 commonly used BNP assays, clinical phenotype, dis-
ease prevalence, overall survival, and diagnostic test characteris-
tics of BNP as a biomarker.

PATIENTS AND METHODS: We genotyped for rs198389 in a random 
sample of the general population (aged ≥45 years; n=1970; en-
rolled between June 1, 1997, and September 30, 2000) from Olm-
sted County, Minnesota. Patients were characterized biochemical-
ly, clinically, echocardiographically, and regarding BNP molecular 
forms (2 assays for BNP and 1 assay for amino-terminal proBNP). 
Median follow-up was 9 years.

RESULTS: Genotype frequencies were in Hardy-Weinberg equilib-
rium (P=.98): TT genotype, n=645 (32.7%); TC genotype, n=983 
(49.9%); and CC genotype, n=342 (17.4%). The C allele indepen-
dently predicted higher BNP forms (P<.001 for all assays). Geno-
types did not differ with regard to clinical and echocardiographic 
phenotype or overall survival. When previously reported genotype-
unadjusted cut points for the detection of left ventricular ejection 
fraction less than or equal to 40% (n=37 [1.9%]) and less than 
or equal to 50% (n=116 [6.0%]) were used, sensitivity generally 
increased with the number of C alleles, whereas specificity de-
creased, both on average by more than 10% for the TT vs CC 
genotype.

CONCLUSION: The C allele of rs198389 is common in the general 
US population and is associated with higher concentrations of 
BNP molecular forms but not with cardiovascular phenotype or 
survival. The C allele confounds the test characteristics of com-
monly used assays.

Mayo Clin Proc. 2011;86(3):210-218

ANP = atrial natriuretic peptide; BNP = brain-type natriuretic peptide; 
BNP-IR = BNP immunoreactivity; cGMP = cyclic guanosine monophos-
phate; HF = heart failure; LV = left ventricular; NT-proBNP = amino-
terminal proBNP; PCR = polymerase chain reaction; SNP = single- 
nucleotide polymorphism

Brain-type natriuretic peptide (BNP), a cardiac hor-
mone with pleiotropic actions, plays an important 

role in cardiorenal regulation.1-3 Circulating BNP has 
emerged as a robust biomarker to aid in the diagnosis and 
prognosis of left ventricular (LV) dysfunction and heart 
failure (HF), as well as serving as a prognostic biomarker 
in the general population to identify those at higher risk of 
mortality and cardiovascular morbidity.4-12 The utility of 
BNP as a cardiac biomarker is secondary to its activation 
by myocardial stretch and ischemia, as is observed in HF 
and myocardial infarction. Age and sex are important fac-
tors that contribute to the regulation of plasma BNP.8,10,13

	 The BNP gene, NPPB, is located on chromosome 1, 
in tandem with NPPA, the gene for atrial natriuretic pep-
tide (ANP).14 Several single-nucleotide polymorphisms 
(SNPs) have been reported for this region, some of which 
have recently been associated with higher BNP and ANP 
plasma levels and lower blood pressure and prevalence 
of hypertension.15 The SNP rs198389 (also referred to 
as BNP T-381C) is located in the promoter region of the 
BNP gene and has been associated with higher BNP lev-
els in 3 studies.16-18 Meirhaeghe et al16 demonstrated that 
the C allele was associated with higher promoter activ-
ity in vitro. Currently, the prevalence of rs198389 in the 
general US population is unknown, as is its effect on 
cardiovascular phenotype, mortality, and assay test char-
acteristics. In this study, we defined the prevalence of 
rs198389 in a large random sample of the general adult 
population in Olmsted County, Minnesota, and its effect 
on phenotype, specifically circulating forms of BNP as 
measured by different assays; cardiovascular, renal, and 
neurohumoral characteristics; and disease prevalence. We 
also compared survival among genotypes, which could 
conceivably be affected by elevated BNP levels. Further, 
we assessed the effect of rs198389 on the test character-
istics of BNP for the detection of reduced LV function in 
the general community. We hypothesized that rs198389 
would affect assays for BNP, including BNP, proBNP

1-108
, 

and amino-terminal proBNP (NT-proBNP), and that the 
C alleles would be associated with higher sensitivity but 
lower specificity if genotype-unadjusted cut points were 
used.
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PATIENTS AND METHODS

This study consists of a well-characterized random sample 
of the general population aged 45 years or older in Olmsted 
County, Minnesota (n=1970). Data and blood samples were 
collected between June 1, 1997, and September 30, 2000. 
Echocardiography was performed and a blood sample was 
collected within days of each other.8-10,12,19,20 Mortality data 
on Olmsted County residents are routinely collected by 
reviewing community medical records, death certificates, 
and obituary notices as part of the Rochester Epidemiolo-
gy Project. Patients were followed up until death or March 
2008, at which time they were censored, providing a me-
dian follow-up of 9 person-years. The Mayo Clinic Institu-
tional Review Board approved this study.

Hormone Assays

As previously described, plasma BNP was measured by 
radioimmunoassay (Shionogi & Co, Tokyo, Japan) and 
fluorescence immunoassay (Biosite, San Diego, CA), and 
NT-proBNP was measured by an electrochemilumines-
cence immunoassay (Roche Diagnostics, Indianapolis, 
IN).8,10 To measure proBNP

1-108
,
 
we used

 
a specific assay 

that is based on a previously reported antibody directed 
against the region of proBNP

1-108
, where the cleavage into 

NT-proBNP and BNP occurs (the assay was provided by 
Bio-Rad Laboratories, Hercules, CA).21 Atrial natriuretic 
peptide was measured by radioimmunoassay (Phoenix 
Pharmaceuticals, Burlingame, CA), as were cyclic guanos-
ine monophosphate (cGMP; PerkinElmer, Boston, MA) 
and aldosterone (Siemens Medical Solutions Diagnostics, 
Los Angeles, CA).

Genotyping for rs198389 SNP
Genotyping was conducted by the restriction fragment 
length polymorphism method. The oligonucleotides 
used for the polymerase chain reaction (PCR) ampli
fication were 5′CTGTGAGTCACCCCGTGCTC-3′ and 
5′-GGCAGGAACGCGCTGGAGAC-3′. Polymerase chain 
reaction was conducted with standard reagents and 2-mM 
MgCl

2
 at an annealing temperature of 66°C, generating an 

amplicon of 186 bp. The PCR product was digested with 
12 U of MspI (New England Biolabs, Hitchin, Hertford-
shire, UK). The T allele was characterized by 2 fragments 
of 48 and 138 bp, whereas the C allele was characterized 
by 3 PCR fragments of 48, 67, and 71 bp, resolved on a 
3.5% MetaPhor agarose gel (Cambrex Bio Science Rock-
land, Rockland, ME).

BNP Genotype and Diagnostic Test Characteristics

Given the increased BNP values with additional C alleles, 
we hypothesized that cutoffs for the screening of reduced 

LV systolic function optimized for sensitivity and specific-
ity would be correspondingly higher for every additional 
C allele. To establish new cutoffs, a reasonable number 
of individuals with an ejection fraction less than or equal 
to 40% would have been required in every genotype. Be-
cause the number of individuals with an ejection frac-
tion less than or equal to 40% was limited in our general 
community sample (n=37 [1.9%]), we deemed the num-
bers within genotypes too small to generate reliable cut 
points. However, given that Specificity = True Negatives/
(True Negatives + False Positives), our sample was able 
to provide a good estimate of the effect of genotype on 
specificity. To illustrate the effect of genotype on diagnos-
tic test characteristics for the detection of reduced ejection 
fraction, we calculated test characteristics for individual 
genotypes using cut points previously determined when all 
genotypes were combined.10 Positive and negative likeli-
hood ratios and odds ratios were calculated. Assuming that 
a test result above the cut point would be verified with an 
imaging study, we also calculated the percentage of pa-
tients requiring echocardiography, the percentage showing 
no abnormalities on echocardiography, and the percentage 
with missed disease.

Statistical Analyses

Values are expressed as mean ± SD or percentage. Categor-
ical variables were compared using the χ2 test and continu-
ous variables using one-way analysis of variance. Given 
the additive nature of the effect of each C allele on BNP 
levels, additive models were used. Brain-type natriuretic 
peptide values were log-transformed before analysis. To 
assess the effect of rs198389 on BNP immunoreactivity 
(BNP-IR), we also performed a linear least squares regres-
sion with stepwise forward selection in which we included 
parameters known to potentially affect BNP-IR (age, sex, 
rs198389, body mass index, heart rate, left atrial volume 
index, LV mass index, LV dimension index, systolic and 
diastolic blood pressure, serum creatinine level, and esti-
mated glomerular filtration rate [calculated by the Cock-
croft-Gault equation]). The significance level for variables 
to be entered into the model was P=.15. Survival from en-
try into the study was estimated using the Kaplan-Meier 
method. A 2-sided P<.05 was considered to indicate statis-
tical significance.

RESULTS

A total of 1970 patients were successfully genotyped and 
were included in this study. Clinical and echocardiograph-
ic characteristics are shown in Table 1. Genotype frequen-
cies were TT, 32.7% (n=645); TC, 49.9% (n=983); and 
CC, 17.4% (n=342), corresponding to a minor allele fre-
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Table 1. Characteristics of the Study Population (n=1970) 
Across rs198389 Genotypesa,b,c

	
					     P	
	 Characteristic	 TT	 TC	 CC	 valued

Genotype	 645 (32.7)	 983 (49.9)	 342 (17.4)	
Female	 341 (52.9)	 522 (53.1)	 172 (50.3)	 .52
Age (y)	   62.3±0.6	   62.6±0.5	   63.1±0.8	 .85
Age categories (y)				  
		  45-54 	 191 (32.8)	 286 (49.1)	 106 (18.2)	
 		  55-64 	 197 (32.6)	 313 (51.8)	   94 (15.6)	 .96
 		  65-74	 166 (33.3)	 238 (47.8)	   94 (18.9)
		  ≥75	   91 (31.9)	 146 (51.2)	   48 (16.8)	
BNP (pg/mL)
		  Shionogi	   12 (4-25)	   15 (6-33)	   20 (8-43)	 <.001
		  Biosite	   20 (7-45)	   24 (10-57)	   33 (16-72)	 <.001
NT-proBNP, 
	 Roche (pg/mL)	   55 (21-125)	   71 (29-146)	   90 (39-190)	 <.001
proBNP, Bio-Rad 
	 (pg/mL)	   15 (7-36)	   20 (10-43)	   27 (13-56)	 <.001
ANP (pg/mL)	   12 (8-16)	   12 (7-16)	   12 (8-17)	 .43
cGMP (pmol/mL)	  1.2 (0.8-2.0)	  1.2 (0.8-1.9)	  1.3 (0.9-1.9)	 .54
Aldosterone (ng/dL)	  4.4 (2.5-7.5)	  4.8 (2.6-8.2)	  4.6 (2.6-8.0)	 .21
BMIe	   28.4±5.4	   28.4±5.3	   28.6±5.6	 .73
Obesity (BMI >30)	 205 (31.8)	 315 (32.0)	 116 (33.9)	 .54
Blood pressure 
	 (mm Hg) 
		  Systolic	 132.9±21.3	 132.8±21.3	 132.0±22.1	 .47
		  Diastolic	   73.5±10.3	   73.5±10.1	   73.7±10.8	 .96
Mean arterial 
	 pressure (mm Hg)	   93.3±12.4	   93.3±12.4	   93.1±13.0	 .76
Hypertension 	 237 (36.7)	 380 (38.7)	 122 (35.7)	 .93
Verified 
	 hypertension	 175 (27.1)	 309 (31.4)	   92 (26.9)	 .69
CAD   	   73 (11.3)	 119 (12.1)	   41 (12.0)	 .70
History of MI	   30 (4.7)	   46 (4.7)	   19 (5.6)	 .58
Heart failure	   18 (2.8)	   18 (1.8)	     7 (2.0)	 .33
Atrial fibrillation 	   30 (4.7)	   42 (4.3)	   24 (7.0)	 .18
Cerebrovascular 
	 accident	     9 (1.4)	   20 (2.0)	     4 (1.2)	 .98
Creatinine (mg/dL)	   1.06±0.21	   1.06±0.22	   1.06±0.22	 .82
EF (%)	   62.6±7.5	   63.1±6.8	   62.6±6.9	 .76
LVEF 
		  ≤40% 	   17 (2.6)	   14 (1.4)	     6 (1.8)	 .20
		  ≤50% 	   46 (7.1)	   48 (4.9)	   22 (6.4)	 .39
Moderate to 
	 severe DD 	   38 (5.9)	   72 (7.3)	   26 (7.6)	 .25
LV end-diastolic 
	 diameter (mm)	      49±5	      49±5	      49±5	 .58
LV end-systolic 
	 diameter (mm)	      30±5	      29±5	      30±6	 .31
LV mass index 
	 (g/m2)	      96±22	      98±23	      97±20	 .36
Left atrial area 
	 (cm2)	      71±17	      71±18	      72±17	 .18

a ANP = atrial natriuretic peptide; BMI = body mass index; BNP = brain-type 
natriuretic peptide; CAD = coronary artery disease; cGMP = cyclic guanosine 
monophosphate; DD = diastolic dysfunction; EF = ejection fraction; LV = left 
ventricular; MI = myocardial infarction; NT-proBNP = amino-terminal proBNP.

b Data are provided as number (percentage) for categorical values and mean ± 
SD or median (interquartile range) for continuous variables.

c SI conversion factors: To convert ANP values to pmol/L, multiply by 0.325; 
to convert aldosterone levels to pmol/L, multiply by 27.74;  to convert BNP 
values to pmol/L, multiply by 0.289; to convert NT-proBNP values to pmol/L, 
multiply by 0.118; to convert proBNP levels to pmol/L, multiply by 0.084; and 
to convert creatinine values to mmol/L, multiply by 88.4.

d With additive model.
e Calculated as the weight in kilograms divided by height in meters squared.

quency of 42.3%. This distribution was in Hardy-Weinberg 
equilibrium (P=.98). Genotypes did not differ with regard 
to clinical and echocardiographic parameters, such as 
age, body mass index, cardiovascular disease prevalence,  
or LV dimension, mass, or ejection fraction. Similarly, 
overall survival did not differ among genotypes (P=.93; 
Figure 1).

Effect of BNP Genotype on Immunoreactivity Measured 
by Commonly used Assays

Figure 2 shows the distribution of BNP and NT-proBNP 
for genotypes in age categories as well as their cumula-
tive frequencies separately for men and women. As can be 
seen, both genotype and sex affected BNP and NT-proBNP 
values, with female sex and every additional C allele in-
creasing levels. Table 2 shows median and 5th and 95th 
percentiles of BNP for age and sex strata. In a multivariate 
analysis that included more parameters known to poten-
tially affect BNP levels, rs198389 continued to be a signifi-
cant determinant of BNP-IR (Table 3). In addition, plasma 
levels of proBNP

1-108
, the prohormone that is cleaved into 

BNP and NT-proBNP, increased with every additional C 
allele (Table 1). In contrast, plasma levels of ANP and 
cGMP, which is the second messenger of both ANP and 
BNP, did not vary by genotype, and the same was true for 
plasma aldosterone.

Effect of BNP Genotype on Diagnostic Test  
Characteristics

Table 4 shows the test characteristics for the detection of 
ejection fraction less than or equal to 40% for the Biosite 

Figure 1. Overall survival in the population according to rs198389 
genotype.

rs198389 Genotype
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Figure 2. Immunoreactivity according to genotype and age category and cumulative immunoreactivity according to genotype and sex for the 
Biosite BNP assay (A and B, respectively), the Shionogi BNP assay (C and D, respectively), and the Roche NT-proBNP assay (E and F, respec-
tively). Please note the different scales. BNP = brain-type natriuretic peptide; IR = immunoreactivity; NT-proBNP = amino-terminal proBNP.
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BNP and NT-proBNP assays for individual genotypes 
for all patients combined, as well as for men and women 
separately, when cutoffs were derived from receiver op-
erating characteristic curves generated without account-
ing for genotype.10 Sensitivity was generally lowest for 
the TT genotype and highest with the TC genotype, and 
the difference between the two could be up to 36.4%. As 
already discussed, given that the number of patients with 
normal ejection fraction was much higher than the num-
ber with reduced ejection fraction, specificity is derived 
from a much higher number than sensitivity, making its 
estimate more robust. As expected, specificity decreased 
consistently with increasing number of C alleles, being as 
much as 10.5% lower with the CC than with the TT geno-
type. The C allele was correspondingly associated with a 
higher percentage of patients needing an imaging study 
for verification and then having negative findings on that 
study. Given that the TC genotype represented the largest 
proportion of the total population and was associated with 
intermediate BNP levels, one would expect that the cut 
point, which was chosen on the basis of the maximiza-
tion of sensitivity and specificity in the total population, 
would lead to the overall best test characteristics in the 
TC genotype. Indeed, in most cases the odds ratio was 
maximal in the TC genotype, except for women, in whom 
the low number of affected individuals makes the esti-
mate the least robust.
	 Table 5 shows the same test characteristics for the de-
tection of an ejection fraction less than or equal to 50%, 

which demonstrated a pattern similar to that described for 
the detection of an ejection fraction less than or equal to 
40%. However, as previously reported, test characteristics 
are, in general, worse for the detection of ejection fraction 
of 50% or less compared with 40% or less.10

DISCUSSION

Our study shows that rs198389 is common in the gen-
eral adult population and that the C allele is associated 
with higher immunoreactivity of circulating BNP forms 
as measured by 3 widely used clinical assays. Despite 
this increase in this pleiotropic hormone, no differences 
in cardiovascular disease prevalence or overall survival 
were observed. Consequently, rs198389 can be expected 
to confound the association of BNP and NT-proBNP as-
says with cardiovascular disease and prognosis. Indeed, 
we demonstrate for 2 assays (Biosite BNP and Roche NT-
proBNP) that genotype affects the test characteristics for 
the detection of LV systolic dysfunction in the general 
community and that consideration of genotype may im-
prove interpretation of BNP assays.
	 We defined for the first time the prevalence of rs198389 
in a random sample of the US general community popu-
lation. Minor allele frequency (42.3%) was similar to 
frequencies reported in France, England, and Detroit but 
much higher than that in Japan (14.0%).16-18,22 We found 
that the C allele independently predicted higher BNP-IR 
and NT-proBNP immunoreactivity as measured by 3 com-

Table 2. Genotyping Assay Results, Stratified by Age and Sexa,b

	 Characteristic	 Genotype	 45-54 y	 55-64 y	 65-74 y	 ≥75 y

Men	 				  
	 Genotype (TT/TC/CC), No.		  101/127/58	 104/149/45	 67/131/46	 32/54/21
	 BNP, Biosite	 TT	   5 (0-36)	   10 (0-72)	   17 (3-174)	   66 (17-746)
			   TC	   8 (0-57)	   12 (1-109)	   28 (2-204)	   56 (7-587)
			   CC	 11 (2-57)	   24 (3-100)	   33 (4-269)	   77 (16-391)
	 BNP, Shionogi	 TT	   6 (4-31)	     9 (4-56)	   16 (4-90)	   24 (4-425)
			   TC	   6 (4-43)	     9 (4-61)	   19 (4-228)	   31 (4-245)
			   CC	 11 (4-29)	   14 (4-60)	   23 (5-122)	   58 (6-254)
	 NT-proBNP, Roche	 TT	 12 (5-70)	   27 (5-256)	   62 (5-752)	 164 (56-2094)
			   TC	 18 (5-96)	   31 (5-291)	   79 (15-741)	 168 (25-2332)
			   CC	 30 (5-229)	   53 (5-274)	 116 (15-900)	 151 (61-2685)	
Women	 				  
	 Genotype (TT/TC/CC), No.		  90/159/48	 93/164/49	 99/107/48	 59/92/27
	 BNP, Biosite 	 TT	 18 (4-64)	   25 (2-109)	   29 (4-182)	   63 (7-322)
			   TC	 17 (2-73)	   29 (5-103)	   40 (6-155)	 105 (21-272)
			   CC	 24 (6-88)	   40 (9-158)	   53 (15-291)	   81 (28-579)
	 BNP, Shionogi	 TT	   7 (4-38)	   12 (4-65)	   16 (4-74)	   31 (4-159)
			   TC	 10 (4-50)	   14 (4-52)	   22 (4-78)	   47 (10-143)
			   CC	 15 (4-47)	   28 (4-94)	   31 (4-112)	   58 (5-199)
	 NT-proBNP, Roche	 TT	 42 (5-118)	   69 (11-261)	 103 (25-458)	 185 (40-1845)
			   TC	 57 (5-168)	   88 (18-294)	 114 (30-394)	 241 (74-1062)
			   CC	 59 (21-153)	 116 (38-425)	 156 (27-844)	 272 (80-1412)

a BNP = brain-type natriuretic peptide; NT-proBNP = amino-terminal proBNP. 
b Data are provided as median (5th-95th percentile), unless otherwise indicated. All BNP values are in pg/mL. To convert 

BNP values to pmol/L, multiply by 0.289.
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monly used assay systems. Therefore, in addition to age 
and sex, genotype is an important determinant of plasma 
BNP and NT-proBNP levels in the general community and 
explains some of the variability in plasma BNP concentra-
tions that have been reported.23 It is interesting to note that 
this genetic elevation of BNP did not have any detectable 
effect on cardiovascular parameters. The natriuretic and 
vasodilating actions of BNP could have resulted in lower 
blood pressure and lower prevalence of hypertension. Its 
antihypertrophic and antifibrotic actions could have af-
fected LV mass and dimensions. Thus, BNP levels may 
be elevated enough to affect assay interpretation but are 
insufficient to affect phenotype or are opposed by counter-
regulatory mechanisms. Also, it is unknown to what degree 
the elevated BNP-IR represents bioactive forms of BNP 
such as BNP

1-32
. Indeed, proBNP

1-108
, the less bioactive 

prohormone of BNP, which is recognized by both BNP and 
NT-proBNP assays, was significantly elevated with every 
additional C allele.24 Of note, Newton-Cheh et al15 reported 

2 SNPs (rs5068 and rs198358) at the NPPA/NPPB locus 
that were associated with increased levels of both ANP and 
BNP as well as decreased blood pressure and prevalence of 
hypertension. Interestingly, rs198389 in our study affected 
BNP but not ANP levels and did not affect plasma levels 
of cGMP, the second messenger of ANP and BNP. The rel-
evance of this finding is currently unclear. It remains to 
be investigated whether rs198389 has a disease-modifying 
effect in clinical situations that are usually associated with 
higher BNP levels, such as HF. Indeed, given that BNP el-
evation in HF is considered both a compensatory mecha-
nism and a marker of disease severity, BNP increases due 
to rs198389 could theoretically improve outcomes while 
paradoxically suggesting a poorer prognosis.
	 Given the association of BNP with increased cardiac 
stress, BNP assays have been evaluated for a number of 
clinical purposes, such as aiding in the diagnosis of HF 
in patients with dyspnea in the emergency department and 
screening populations for asymptomatic LV dysfunction. 

Table 3. Multivariate Analysis With Respective Assay Results  
as Dependent Variable

	 Parameters included	 Regression	 Standard		
	 in model	 coefficient	 error	 Partial r2	 P value	

BNP, Biosite	 			 
	 Age	 0.041	 0.003	 0.2263	 <.001
	 Female sex	 0.951	 0.077	 0.0654	 <.001
	 Left atrial volume index	 0.040	 0.004	 0.0803	 <.001
	 rs198389	 0.253	 0.038	 0.0183	 <.001
	 Heart rate	 –0.014	 0.003	 0.0176	 <.001
	 Creatinine	 1.039	 0.172	 0.0110	 <.001
	 LV dimension index	 0.347	 0.103	 0.0065	 <.001
	 Glomerular filtration rate	 0.006	 0.002	 0.0028	 .01
	 Body mass index	 –0.022	 0.007	 0.0032	 .007
	 Diastolic blood pressure	 –0.012	 0.004	 0.0022	 .02
	 Systolic blood pressure	 0.005	 0.002	 0.0030	 .009
BNP, Shionogi	 			 
	 Age	 0.034	 0.003	 0.2000	 <.001
	 Left atrial volume index	 0.029	 0.003	 0.0498	 <.001
	 Female sex	 0.429	 0.062	 0.0187	 <.001
	 rs198389	 0.160	 0.032	 0.0128	 <.001
	 Diastolic blood pressure	 –0.007	 0.002	 0.0055	 .001
	 Creatinine	 0.548	 0.139	 0.0036	 .007
	 Heart rate	 –0.005	 0.002	 0.0035	 .009
	 LV mass index	 0.003	 0.001	 0.0031	 .01
	 Body mass index	 –0.020	 0.006	 0.0020	 .04
	 Glomerular filtration rate	 0.004	 0.001	 0.0048	 .002
NT-proBNP, Roche	 			 
	 Age	 0.051	 0.003	 0.294	 <.001
	 Female sex	 1.095	 0.071	 0.074	 <.001
	 Left atrial volume index	 0.038	 0.003	 0.074	 <.001
	 Creatinine	 1.180	 0.155	 0.019	 <.001
	 LV dimension index	 0.445	 0.114	 0.015	 <.001
	 rs198389	 0.227	 0.035	 0.015	 <.001
	 Glomerular filtration rate	 0.005	 0.001	 0.003	 .006
	 Body mass index	 –0.018	 0.007	 0.002	 .03
	 LV mass index	 0.003	 0.001	 0.002	 .04
	 Heart rate	 –0.004	 0.002	 0.001	 .09

BNP = brain-type natriuretic peptide; LV = left ventricular; NT-proBNP = amino-
terminal proBNP.
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Epidemiological studies have shown that about 50% of pa-
tients with LV systolic dysfunction are asymptomatic and 
that these asymptomatic patients are at increased risk of de-
veloping overt HF.19,25,26 Importantly, patients with asymp-
tomatic LV dysfunction benefit from treatment, which pro-
vides a powerful rationale to screen for this condition, and 
BNP has been evaluated for this purpose.6,7,9,10,27-30 Because 
rs198389 affected BNP levels but was not associated with 
cardiovascular morbidity and mortality or with phenotype, 
we hypothesized that rs198389 confounds test characteristics 
of BNP assays that could be used to identify LV dysfunction 
in the general community. We used genotype-unadjusted 
cut points to illustrate the effect of rs198389 on diagnostic 
test characteristics. As hypothesized, specificity consistently 
decreased with additional C alleles, whereas sensitivity was 

usually lowest with the TT genotype and highest with the 
TC genotype. As indicated, given the much higher number 
of patients with normal LV ejection fraction, our estimate of 
specificity is more robust. Also, the cumulative frequencies 
shown in Figure 2 imply that, even if other cut points were 
chosen, specificity would be affected in a substantial way 
over a wide range of possible cut points. Our results suggest 
that adjusting diagnostic cut points not only for age and sex 
but also for genotype improves the test characteristics for 
the detection of LV dysfunction, which could make screen-
ing for asymptomatic individuals more cost-effective.9 How-
ever, because of the limited number of patients in our study 
with reduced LV ejection fraction, we cannot provide a good 
estimate of the effect of rs198389 on sensitivity and related 
parameters.

Table 4. Effect of rs198389 Genotype on Test Characteristics for Biosite BNP and  
NT-proBNP for Detection of Left Ventricular Ejection Fraction ≤40%a,b

	 BNP (Biosite)	 NT-proBNP (Roche)

 rs198389 Genotype	 All	 TT	 TC	 CC	 All	 TT	 TC	 CC

All patients	 								      
	 Sensitivity	 81.1	   76.5	   85.7	   83.3	 83.8	 70.6	 100.0	   83.3
	 Specificity	 82.2	   86.1	   81.7	   75.9	 86.1	 89.0	   86.1	   81.0
	 Positive LR	   4.5	   5.5	     4.7	     3.5	   6.0	   6.4	     7.2	   4.4
	 Negative LR	 0.23	   0.27	   0.17	   0.22	 0.19	 0.33	     0.0	 0.21
	 Screened patients 
		  requiring echo	 19.0	   15.5	   19.2	   25.1	 15.2	 12.6	   15.2	   20.2
	 Normal echo	 92.0	   87.0	   93.7	   94.2	 89.6	 85.2	   90.1	   92.8
	 Missed EF ≤40%	 18.9	   23.5	   14.3	   16.7	 16.2	 29.4	     0.0	   16.7
	 Odds ratio	 19.7	   20.2	   26.8	   15.7	 32.1	 19.4	            NAc	   21.3
Men only	 								      
	 Sensitivity	 79.3	   63.6	   92.3	   80.0	 82.8	 63.6	 100.0	   80.0
	 Specificity	 83.7	   88.1	   83.0	   77.6	 88.0	 89.4	   87.9	   85.5
	 Positive LR	   4.9	     5.3	     5.4	     3.6	   6.9	   6.0	     8.3	   5.5
	 Negative LR	 0.25	   0.41	   0.09	   0.26	 0.20	 0.40	     0.0	 0.23
	 Screened patients 
		  requiring echo	 18.3	   13.8	   19.1	   24.1	 14.2	 12.5	   14.5	   16.5
	 Normal echo	 86.5	   83.3	   86.4	   90.2	 82.0	 81.6	   80.6	   85.7
	 Missed EF ≤40%	 20.7	   36.4	     7.7	   20.0	 17.2	 36.4	     0.0	   20.0
	 Odds ratio	 19.6	   12.9	   58.7	   13.8	 35.1	 14.8	            NAc	   23.5
Women only	 								      
	 Sensitivity	 87.5	 100.0	     0.0	 100.0	 75.0	 66.7	 100.0	 100.0
	 Specificity	 87.8	   91.0	   87.5	   82.5	 92.2	 93.1	   92.7	   88.9
	 Positive LR	   7.2	   11.2	     0.0	     5.7	   9.6	   9.7	   13.7	   9.0
	 Negative LR	 0.14	   0.36	   1.14	     0.0	 0.27	 0.36	     0.0	   0.0
	 Screened patients 
		  requiring echo	 12.8	   10.6	   12.5	   18.0	   8.3	   7.9	     7.5	   11.6
	 Normal echo	 94.7	   83.3	 100.0	   96.8	 93.0	 85.2	   97.4	   0.0
	 Missed EF ≤40%	 12.5	     0.0	 100.0	     0.0	 25.0	 33.3	     0.0	   95.0
	 Odds ratio	 50.5	    27.1	    1.14	         NAc	 35.5	 27.1	            NAc	         NAc

a BNP = brain-type natriuretic peptide; echo = echocardiogram; EF = ejection fraction; LR = likelihood 
ratio; NA = not applicable; NT-proBNP = amino-terminal proBNP.

b Data are provided as percentages, unless otherwise indicated. The cut points for BNP (Biosite) were 
66 pg/mL (to convert to pmol/L, multiply by 0.289) for all patients, 55 pg/mL for men, and 102 pg/mL 
for women. The cut points for NT-proBNP (Roche) were 228 pg/mL (to convert to pmol/L, multiply by 
0.118) for all patients, 209 pg/mL for men, and 307 pg/mL for women. Cut points optimized for sensitiv-
ity and specificity were previously derived from receiver operating characteristic curves in the respective 
populations without accounting for rs198389 genotype.10 The number of patients with left ventricular EF 
≤40% for TT, TC, and CC, respectively, was 12, 13, and 5 for men and 6, 1, and 1 for women. 

c Negative LR is “0” and therefore odds ratio cannot be calculated. With decreasing negative LR, odds 
ratio tends to infinity.
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	 Measurement of BNP or NT-proBNP is widely used 
in clinical practice to aid in the diagnosis of HF and in-
creasingly to identify at-risk patients. Therefore, one could 
speculate that our findings may have implications for indi-
vidualized medicine because genotype informs the inter-
pretation of a biomarker. Genotyping for rs198389 could 
be done independently or as part of a broader genotyping 
strategy including other SNPs known to affect biomarker 
levels or disease susceptibility. Elevated BNP levels in the 
setting of acute decompensated HF are often dramatic, so 
the relatively small influence of genotype would likely not 
be a significant confounder in this setting. However, geno-
type-adjusted cut points may be useful in the setting of 
asymptomatic LV dysfunction or in compensated chronic 
LV dysfunction, in which some patients fall in a diagnostic 
gray zone. They might be of particular utility for studies 

that use BNP target levels to guide therapy.31-33 Also, a BNP 
level within the normal range for the general population 
but in the upper tertile or quartile of that normal range has 
been reported to be associated with increased mortality 
and risk of adverse cardiovascular outcomes.11,12 Adjust-
ing cut points for genotype in this prognostic scenario may 
be helpful. Of note, genetic confounding has also been re-
ported for other biomarkers, such as C-reactive protein and 
prostate-specific antigen.34,35

	 As previously mentioned, an important limitation of our 
study is that in our general population sample we have a 
limited number of patients with reduced LV ejection frac-
tion. This precludes us from evaluating how the rs198389 
genotype affects sensitivity. Another limitation is that our 
population sample was from Olmsted County, Minnesota, 
and almost exclusively white. The effect of rs198389 on 

Table 5. Effect of rs198389 Genotype on Test Characteristics for Biosite BNP  
and NT-proBNP for Detection of Left Ventricular Ejection Fraction ≤50%a,b,c

	 BNP (Biosite)	 NT-proBNP (Roche)

	 rs198389 Genotype	 All	 TT	 TC	 CC	 All	 TT	 TC	 CC

All patients	 								      
	 Sensitivity	 66.4	 58.7	 72.9	 68.2	 73.3	 60.9	 77.1	 90.9
	 Specificity	 70.0	 76.0	 69.2	 61.3	 74.6	 79.0	 74.2	 67.8
	 Positive LR	 2.2	 2.4	 2.4	 1.8	 2.9	 2.9	 3.0	 2.8
	 Negative LR	 0.48	 0.54	 0.39	 0.52	 0.36	 0.50	 0.31	 0.13
	 Screened patients
		  requiring echo	 32.1	 26.5	 32.9	 40.6	 28.2	 23.9	 28.3	 36.0
	 Normal echo	 87.8	 84.2	 89.2	 89.2	 84.7	 81.8	 86.7	 83.7
	 Missed EF ≤50%	 33.6	 41.3	 27.1	 31.8	 26.7	 39.1	 22.9	 9.0
	 Odds ratio	 4.6	 4.5	 6.0	 3.4	 8.1	 5.8	 9.7	 21.1
Men only	 								      
	 Sensitivity	 68.2	 56.3	 77.5	 69.2	 74.1	 59.4	 82.5	 84.6
	 Specificity	 72.1	 79.0	 72.2	 59.9	 76.5	 82.7	 76.2	 66.2
	 Positive LR	 2.4	 2.7	 2.8	 1.7	 3.2	 3.4	 3.5	 2.5
	 Negative LR	 0.44	 0.55	 0.31	 0.51	 33.8	 0.49	 23.0	 0.23
	 Screened patients 
		  requiring echo	 31.6	 24.7	 32.1	 42.4	 28.1	 21.7	 28.9	 37.6
	 Normal echo	 80.3	 76.0	 79.1	 87.5	 76.0	 71.2	 75.1	 82.8
	 Missed EF ≤50%	 31.8	 43.8	 22.5	 30.8	 25.9	 40.6	 17.5	 15.4
	 Odds ratio	 5.6	 4.8	 8.9	 3.4	 9.3	 7.0	 15.1	 10.8
Women only	 								      
	 Sensitivity	 67.7	 71.4	 62.5	 66.7	 58.1	 57.1	 62.5	 55.6
	 Specificity	 73.7	 79.5	 71.6	 68.7	 85.8	 90.2	 85.2	 78.5
	 Positive LR	 2.6	 3.5	 2.2	 2.1	 4.1	 5.8	 4.2	 2.6
	 Negative LR	 0.44	 0.36	 0.52	 0.49	 0.49	 0.48	 0.44	 0.57
	 Screened patients 
		  requiring echo	 27.5	 22.6	 28.9	 33.1	 15.6	 11.7	 15.5	 23.3
	 Normal echo	 92.6	 87.0	 96.7	 89.5	 88.8	 80.0	 93.8	 87.5
	 Missed EF ≤50%	 32.3	 28.6	 37.5	 33.3	 41.9	 42.9	 37.5	 44.4
	 Odds ratio	 5.9	 9.7	 4.2	 4.4	 8.3	 12.3	 9.6	 4.6

a BNP = brain-type natriuretic peptide; echo = echocardiogram; EF = ejection fraction; LR = likeli-
hood ratio; NT-proBNP = amino-terminal proBNP.

b Data are provided as percentages, unless otherwise indicated.
c The cut points for BNP (Biosite) were 40 pg/mL (to convert to pmol/L, multiply by 0.289) for all 

patients, 28 pg/mL for men, and 57 pg/mL for women. The cut points for NT-proBNP (Roche) 
were 129 pg/mL (to convert to pmol/L, multiply by 0.118) for all patients, 92 pg/mL for men, and 
246 pg/mL for women. Cut points optimized for sensitivity and specificity were previously derived 
from receiver operating characteristic curves in the respective populations without accounting for 
the rs198389 genotype.10 The number of patients with left ventricular EF ≤50% for TT, TC, and CC, 
respectively, was 33, 42, and 13 for men and 14, 8, and 9 for women.
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BNP levels in other populations has been demonstrated, but 
the effect on diagnostic test characteristics in other popula-
tions may differ.16-18 It should also be noted that the realiza-
tion that a biomarker is confounded by genetic variation 
does not necessarily decrease its utility when utility was es-
tablished without considering genotype; however, account-
ing for genotype may improve its diagnostic or prognostic 
utility. Further studies are required to test this in the case of 
rs198389 and BNP assays.

CONCLUSION

We found that the C allele of the functional BNP rs198389 
polymorphism was common in this general US community 
population and was associated with an increase in BNP-IR. 
To our knowledge, we demonstrated for the first time that 
the C allele altered diagnostic test characteristics. Given the 
widespread use of BNP as a diagnostic biomarker, these find-
ings have potential implications for individualized medicine. 
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