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Abstract

biomarker to identify women with high risk for CAD.

Background: Polymorphisms within natriuretic peptide (NP) genes
have been associated with clinical outcomes for cardiovascular disease
(CVD), but no previous study has compared the effect of these polymorphisms between men and women. This study aimed to investigate
the association between single nucleotide polymorphisms (SNPs) in
key genes of the NP system and coronary angiographic outcomes, with
the focus on the sexual dimorphism in the effects of these SNPs.
Methods: Patients undergoing clinically indicated coronary angiography (n = 513, 328 men and 185 women) were consented and genotyped
for NPPA rs5065, NPPB rs198389 and NPR2 rs10758325. Patients
were stratified into having normal coronaries, non-obstructive coronary
artery disease (CAD) or obstructive CAD, based on the highest stenosis
in any epicardial artery. Average luminal narrowing across all four arteries was derived to represent the overall atherosclerotic burden.
Results: The frequency of NPPB rs198389 AA genotype was significantly higher in women with obstructive CAD (P = 0.014). The same
association was not observed in males. With respect to atherosclerotic
burden, an association was found between the AA genotype and average luminal narrowing in women (P = 0.005), but not in men.
Conclusions: The current study identified an association between an
SNP of the NPPB gene and coronary atherosclerotic burden through
angiographic evidence in women but not in men. These results suggest that B-type natriuretic peptide (BNP) may have more important
involvement in the development of CAD in women compared to men,
and as such, genotyping of the NPPB gene may serve as a potential
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Introduction
Coronary artery disease (CAD) is the leading cause of morbidity and mortality worldwide. Although our understanding
of the pathogenesis of atherosclerosis is not fully determined,
CAD is well known to result from build-up of plaque in coronary arteries, leading to narrowing of these vessels.
Previous studies have demonstrated significant differences in diagnosis and development of CAD between men and
women. Compared to men, women were found to have a lower
prevalence of obstructive CAD, but those women who were diagnosed with obstructive CAD had higher rates of adverse outcomes than men [1-3]. In the presence of non-obstructive CAD,
microvascular dysfunction, endothelial dysfunction and other
processes that predict adverse outcome appear more frequent
in women than in men [4]. It is unknown if these striking differences in CAD prevalence and outcomes are related to differences in the underlying genetic expression of hormonal circulatory systems involved in myocardial and vascular regulation.
The natriuretic peptide system plays an important role
in hemodynamic regulation and its relation to heart disease
has become of increasing importance lately with the advent
of novel pharmaceuticals [5]. The natriuretic peptide system
consists of three members, atrial natriuretic peptide (ANP), Btype natriuretic peptide (BNP) and C-type natriuretic peptide
(CNP), encoded by NPPA, NPPB and NPPC genes, respectively. They exert their effects by binding to high-affinity receptors
that are expressed on the surface of target cells. Natriuretic
peptide receptors A and B mediate the majority of the cardiovascular effects of the natriuretic peptides. Natriuretic peptide
receptor C is the clearance receptor, binding all three natriuretic peptides for internalisation and degradation. These receptors
are encoded by NPR1, NPR2 and NPR3 genes, respectively.
Circulating levels of ANP and BNP are elevated in patients
with ventricular hypertrophy and congestive heart failure [6],
making them useful tools in assessing the degree of cardiac
dysfunction and severity of left ventricular failure. Levels of
BNP and N-terminal BNP (NT-proBNP) have consistently
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been found to be independent risk markers for both morbidity
and mortality in post myocardial infarction and heart failure
patients. On the other hand, newly approved heart failure medications work through the natriuretic peptide system to promote vasodilation and natriuresis, stimulating further interest
in response to therapies that modify this system [5].
Numerous single nucleotide polymorphisms (SNPs) of
NPPA and NPPB have previously been found to be associated with cardiovascular outcomes. Ellis et al (2011) reported
that minor alleles of NPPA rs5065, NPPB rs632793, rs198388,
rs198389 and NPR2 rs10758325 are associated with a lower
rate of hospital readmission related to all CVDs [7]. However,
no previous study has examined the association between SNPs
and angiographic CAD specifically, nor differences between
males and females.
The current study aimed to investigate three SNPs within
NPPA, NPPB and NPR2 genes, namely rs5065, rs198389 and
rs10758325, for their association with the severity of CAD
through angiographic evidence. More importantly, we were
interested in determining whether the effects of these SNPs on
CAD differ between males and females.
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SNP selection
SNPs of the natriuretic peptide system were selected using the
following criteria: 1) have been identified in previous studies
as associated with circulating natriuretic peptide level or cardiovascular outcomes and 2) have a minor allele frequency >
10%. The SNPs selected were NPPA rs5065, NPPB rs198389
and NPR2 rs10758325.
DNA extraction and genotyping

Materials and Methods

Whole blood was collected during the angiography procedure. White blood cells were isolated from the whole blood
samples and digested using cell lysis buffer and proteinase K
(5-PRIME, VWR Canada). Genomic DNA was precipitated
using isopropanol, isolated and rehydrated with Tris buffer.
DNA samples were diluted to 5 ng/µL prior to genotyping.
Genotyping was performed using TaqMan SNP genotyping
assays according to the manufacturer’s protocol (Applied Biosystems, Foster City, California, USA) on a LightCycler© 480II Real-Time PCR System (LC480-II; Roche Applied Science,
Laval, Quebec, Canada).

Patient cohort

Statistical analysis

Written, informed consent was obtained from each participant
recruited. The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki. The study was approved
by the Health Sciences and Affiliated Teaching Hospitals Research Ethics Board at Queen’s University (DMED-1365-11).
The inclusion criteria for this study were comprised of patients
undergoing an elective coronary angiogram at the Kingston
General Hospital (KGH) Cardiovascular Lab (Kingston, Ontario). Patients were excluded only if there was a contra-indication for the blood sample collection. Patients were referred
to undergo angiography due to one or more of the following
indications: angina, positive electrocardiogram (ECG) test,
positive (stress) imaging test, and previously known CAD.

Associations between natriuretic peptide SNP genotypes and
CAD severity category were tested using a log-binomial regression model controlling for age and sex, where the relative risk (RR) was reported. Associations between natriuretic
peptide SNP genotypes and average luminal narrowing were
tested using a linear least squares regression model controlling for age and sex. The effect estimate (β) was reported to
represent the adjusted difference in overall plaque burden. The
differences in SNP effects between sexes were tested with an
interaction term in aforementioned models. The log-binomial
regression model was also used to test for associations between
natriuretic peptide SNPs and clinical characteristics including
hypertension, type II diabetes and history of MI. A P-value of
≤ 0.05 was deemed to be statistically significant. All analyses
were performed using SAS Enterprise Guide 6.1 (SAS Institute Inc., Cary, NC, USA).

Angiography
Coronary angiography was performed according to the standard Judkins method using a GE System 2000 (GE Healthcare)
by one of four experienced interventional cardiologists. Percentage luminal diameter narrowing in each of the four major
coronary arteries (left main, left anterior descending, circumflex and right coronary artery) was recorded. Patients were
stratified into three categories: normal coronary (luminal narrowing < 20% in all epicardial arteries), non-obstructive CAD
(luminal narrowing ≥ 20 and < 70% in any epicardial artery or
≥ 20% and <50% in the left main artery) and obstructive CAD
(luminal narrowing ≥ 70% in any epicardial artery or ≥ 50%
in the left main artery). Average luminal narrowing across all
four vessels was also acquired to create a continuous variable
that represents the overall coronary plaque burden.
2

Results
Power calculation
A priori, a patient sample size of 500 was planned and prevalence of obstructive CAD was estimated to be 50% according
to study definitions (luminal narrowing ≥ 70% in any epicardial artery or ≥ 50% in the left main artery). SNPs will be dichotomized with at risk genotype prevalence ranging from 25% to
65%. This sample provides 80% power to detect RRs of 1.3
and greater for each SNP (two-tailed significance of 0.05) [8].
A higher proportion of males than females were expected in
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Table 1. Participant Characteristics (n = 513)
Characteristics

Mean ± SD or percent

Age (years)

65.3 ± 11.1

Sex male

63.94%

Caucasian

98.2%

BMI

(kg/m2)

30.3 ± 6.3

Current smoker

18.8%

Hypertension

65.1%

Diabetes

31.3%

Previous MI

28.0%

Family history of heart diseases

67.7%

CAD categories
  Normal coronary

22.6%

  Non-obstructive CAD

21.3%

  Obstructive CAD

56.1%

the sample and detectable RRs are 1.4 in males (n = 320) and
1.5 in females (n = 180).
Participant characteristics
Characteristics of the study cohort (n = 513) are described in
Table 1. The mean age of participants was 65.3 years, and 64%
of them were male. The majority of participants were Caucasians, with four Asian descendants, two African descendants,
two Canadian First Nation individuals and one mixed race.
Just over half of the participants (56.1%) were diagnosed with
obstructive CAD, while 22.6% were diagnosed with no or

minimal disease (normal coronary arteries).
The distribution of average luminal diameter narrowing is
presented in Figure 1. It is heavily skewed to the left because
of the large number (124) of patients with 0% narrowing in all
four vessels. Thus, only patients diagnosed with CAD (luminal
narrowing ≥ 20% in any epicardial artery) (n = 387) were included in the linear least squares model to assess overall coronary plaque burden. The mean of average luminal narrowing
among these patients was 39.5% (± 22.3).
Genetic statistics
Genotype frequencies for each natriuretic peptide system SNP
are shown in Table 2. In our study population, all three SNPs
were in Hardy-Weinberg equilibrium (P-values were 0.09,
0.23 and 0.78 for rs5065, rs198389 and rs10758325, respectively); rs5065 and rs198389 were found to be in linkage disequilibrium. There was no association between genotype and
age or sex for all three SNPs.
For all three SNPs, heterozygous genotype and homozygous minor allele genotype were combined in further analyses
using regression models, because 1) relatively small proportions of homozygous minor allele genotype, and 2) heterozygous and homozygous minor allele genotype genotypes have
been shown to behave similarly in terms of their effects in cardiovascular outcomes [7].
Association between basic characteristics, obstructive
CAD and average luminal narrowing
Patients’ age (P < 0.01, RR = 1.20/10 years), male sex (P <
0.01, RR = 1.52), hypertension (P = 0.03, RR = 1.23), type II

Figure 1. Distribution of average luminal diameter narrowing across four major coronary arteries (n = 513).
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Table 2. Natriuretic Peptide System SNP Genotype Frequencies
Genotypes

SNP ID
(major allele/minor allele)

n

Homozygous major allele
(n, %)

Heterozygous
(n, %)

Homozygous minor allele
(n, %)

MAF

NPPA rs5065 (A/G)

510

375 (73.5%)

119 (23.3%)

16 (3.1%)

0.15

NPPB rs198389 (A/G)

490

174 (34.2%)

257 (50.5%)

78 (15.3%)

0.42

NPR2 rs10758325 (G/A)

507

176 (34.7%)

249 (49.0%)

83 (16.3%)

0.41

MAF: minor allele frequency.

diabetes (P < 0.01, RR = 1.31) and history of MI (P < 0.01, RR
= 1.39) were associated with obstructive CAD. No association
was found between obstructive CAD and smoking or family
history of heart diseases.
Age (P < 0.01, β = +5.39), the male sex (P < 0.01, β =
+9.40), hypertension (P = 0.02, β = +6.12) and type II diabetes
(P < 0.01, β = +8.78) were associated with increased average
luminal narrowing. No association was found between average
luminal narrowing and smoking, history of MI or family history of heart diseases.
Association between natriuretic peptide SNPs and obstructive CAD
No association was observed between any natriuretic peptide
SNPs and obstructive CAD (any one of four major coronary
arteries with luminal narrowing of 70% or more) in the overall
cohort. When sexes were divided, however, NPPB rs198389
homozygous major allele genotype (AA) was found to be associated with obstructive CAD in women only, with an RR
of 1.50 (CI: 1.09 - 2.07, P = 0.014) compared to AG or GG
genotypes. The effect of rs198389 was also observed to be significantly different between the sexes (P = 0.015), as no association was observed in the male cohort (Table 3).
Association between natriuretic peptide SNPs and average
luminal narrowing
Among patients diagnosed with CAD (non-obstructive or obstructive; n = 387), NPPB rs198389 homozygous major allele

genotype (AA) was found to be associated with increased average luminal narrowing (β = 4.91 ± 2.25, P = 0.030) compared
to AG or GG genotypes. When sexes were divided, this association was stronger in women (β = 11.05 ± 3.92, P = 0.0051),
but no association was observed in men (Table 4).

Discussion
In the current study, we did not find any association between
NPPA rs5065 and NPR2 rs10758325 and CAD categories or
overall coronary burden. However, we did find novel genderspecific association between NPPB rs198389 and CAD. The
rs198389 AA genotype was significantly associated with obstructive CAD and overall coronary burden in women but not
men.
Minor allele of rs198389 affects NPPB promoter binding activity, resulting in higher circulating levels of BNP and
NT-proBNP [9]. Despite of the research on NPPB rs198389
in hypertension, diabetes, left ventricular function and general
cardiovascular outcome [7, 10], no previous study has directly
tested the association between rs198389 and CAD. In the current study, we have investigated this association using coronary
angiographic evidence, which is currently the clinical standard for determining CAD and quantifying the severity of atherosclerosis. In the overall cohort, none of rs198389 genotypes
was associated with obstructive CAD category, but minor allele carriers (AG or GG) had significantly lower atherosclerotic
burden than individuals with AA genotype based on average
luminal narrowing. It suggests that while the AA genotype for
rs198389 may aid in the development of atherosclerosis, its effect may not be enough to produce clinically significant single-

Table 3. Association of SNPs of the Natriuretic Peptide System and Obstructive CAD
SNP

Genotype

NPPA rs5065 (n = 510)
NPPB rs198389 (n = 509)

Obstructive CAD
Overall RR (95% CI) Male RR (95% CI)

Female RR (95% CI)

P-value (sex difference)

AA

1.04 (0.88 - 1.22)

0.99 (0.83 - 1.16)

1.31 (0.88 - 1.95)

0.199

AG/GG

Reference

Reference

Reference

AA

1.00 (0.87 - 1.16)

0.93 (0.79 - 1.10)

1.50 (1.09 - 2.07)*

AG/GG

Reference

Reference

Reference

1.02 (0.88 - 1.18)

1.04 (0.90 - 1.22)

0.90 (0.63 - 1.28)

Reference

Reference

Reference

NPR2 rs10758325 (n = 508) GG
GA/AA
*P < 0.05. Adjusted for age and sex.

4

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ | www.cardiologyres.org

0.015
0.443

Li et al

Cardiol Res. 2017;8(1):1-6

Table 4. Association of SNPs of the Natriuretic Peptide System and Average Luminal Narrowing (Excluding Patients With 0% Luminal Narrowing)
SNP

Genotype

NPPA rs5065 (n = 385)
NPPB rs198389 (n = 385)

Average luminal narrowing
Overall β (95% CI)

Male β (95% CI)

Female β (95% CI)

P-value (sex difference)

AA

1.39 (-3.43 - 6.21)

-1.37 (-7.25 - 4.51)

6.95 (-1.39 - 15.30)

0.110

AG/GG

Reference

Reference

Reference

AA

4.91 (0.50 - 9.32)*

1.92 (-3.44 - 7.28)

11.05 (3.37 - 18.73)†

AG/GG

Reference

Reference

Reference

0.65 (-3.84 - 5.14)

-0.37 (-5.79 - 5.05)

2.88 (-5.14 - 10.91)

Reference

Reference

Reference

NPR2 rs10758325 (n = 383) GG
GA/AA

0.057
0.511

*P < 0.05. †P < 0.01. Adjusted for age and sex.

vessel disease, which the CAD categories are based on.
BNP’s role in atherosclerosis pathophysiology is unknown.
One of the possible pathways is through blood pressure regulation since hypertension is a prominent risk factor for CAD.
However, current results do not support this as no association
was found between rs198389 genotypes and hypertension.
More importantly, rs198389 genotypes had significantly
different effects on CAD between sexes. Among women, the
AA genotype was associated with higher risk of obstructive
CAD and increased atherosclerotic burden, whereas no association was found in men. It suggests that the AA genotype
for rs198389 may be related to both overall atherosclerosis development and severe single-vessel disease. Furthermore, we
may propose that BNP is significantly more involved in the
pathophysiology of CAD in women than in men. It is possible
that coronary atherosclerosis develops via different pathways
in different sexes.
These sex-specific findings support the concept that CAD
pathophysiology in women differs from that in men. Currently,
diagnosis and prognosis of CAD in women are based on traditional risk scoring models, which were developed with studies
where majority of subjects were men. This leads to a greater
frequency of misclassification in women, who present CAD
in sex-specific patterns. For example, non-obstructive CAD is
more prevalent and has a poorer prognosis in women than in
men [3, 4]. The current findings suggest that integration of genetic markers may help to better stratify female CAD patients
in the future.
Previously, numerous studies have attempted to establish an association between NPPA rs5065 and CAD, but have
yielded opposing results. Some researchers found that the minor allele G was associated with higher risk of acute coronary
syndrome [11] and greater severities of CAD [12], while other
studies reported that the major allele A was more prevalent in
CAD patients [13] and was associated with a higher risk of hypertension, more adverse ventricular remodeling and a higher
rate of hospital readmission [7]. The discrepancy could be explained by diverse patient populations and different outcomes
defining CAD. With regard to whether major allele or minor
allele of NPPA rs5065 is deleterious in CAD, the current study
could not support these findings either way, as we did not find
any association between NPPA rs5065 genotypes and CAD
categories or atherosclerotic burden.

The current study is limited by its relatively small sample
size, especially of the female cohort. Future endeavors should
focus on recruiting a much larger female cohort or a femaleonly population. Other angiographic scoring system, such as
the Gensini score, could be incorporated in future studies to
confirm current results and validate the method of average luminal narrowing. Lastly, natriuretic peptide SNPs, especially
NPPB rs198389, could be added into traditional risk stratification and diagnostic tools in order to test whether they would
improve predicative values.
Conclusion
In summary, the current study investigated the association
between three natriuretic peptide SNPs and CAD through angiographic evidence in a Canadian population. We identified
NPPB rs198389 minor allele associated with a lower coronary
atherosclerotic burden. This polymorphism was also shown to
be associated with a reduced risk of obstructive CAD only in
women, suggesting that BNP has different involvements in the
pathophysiology of CAD between sexes. These findings provide further evidence for an important protective role of BNP
in CAD development, and support the notion that CVDs in
women differ from those in men at the molecular level.
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