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Abstract: Background: Left ventricular dysfunction (LVD) occurs with myocardial ischemia and coronary artery dis-
ease (CAD). The natriuretic peptide system has compensatory vasodilatory, natriuretic and paracrine effects on LVD 
and subsequent heart failure. The aim of this study was to investigate the relationship between natriuretic peptide 
polymorphisms and risk of LVD in CAD patients. Methods: We recruited 747 consecutive Southern Han Chinese 
patients with angiographically confirmed CAD, 201 had a reduced left ventricle ejection fraction (LVEF ≤45%, LVD 
group) and 546 had a preserved left ventricle ejection fraction (LVEF >45%). The reduced and preserved LVEF 
groups were matched by gender and age. Taqman assays were performed to identify five polymorphisms in the 
NPPA-NPPB locus (rs5065, rs5063, rs632793, rs198388 and rs198389). Results: Single-locus analyses found 
no significant difference in the allele and genotype frequencies of the reduced and preserved LVEF group, even 
after adjusting for confounding factors. Subgroup analyses performed by hyperlipidemia (HLP) demonstrated 3 
polymorphisms, rs632793 (OR = 0.31, 95% CI 0.1-0.93, P = 0.04), rs198388 (OR = 0.26, 95% CI 0.09-0.79, P = 
0.02) and rs198389 (OR = 0.26, 95% CI 0.09-0.80, P = 0.02) were associated with the reduced risk of LVD. No 
CAD-susceptible haplotypes were identified. Multifactor dimensionality reduction analysis did not detect any gene-
to-gene interactions among the five loci. Three loci (rs5063, rs632793 and rs198388) formed the best model with 
the maximum testing accuracy (39.89%) and cross-validation consistency (10/10). Conclusion: Three NPPA-NPPB 
polymorphisms (rs632793, rs198388 and rs198389) were associated with reduced risk of LVD in CAD patients 
with HLP.
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Introduction 

Left ventricular dysfunction (LVD) is an early 
stage of heart failure (HF) characterized by a 
reduced ejection fraction and a depressed 
level of left ventricular wall motility [1]. Coronary 
artery disease (CAD) and myocardial infarction 
(MI), the cardiac polygenic disorders [2-4], are 
contributing factors to the development of LVD. 
Other diseases, such as cardiomyopathy, 
hypertension (HTN) and valvular disease, may 
also lead to LVD. LVD with subsequent HF is 
characterized by a continuous interaction 
between the underlying myocardial dysfunction 
and a series of compensatory mechanisms. A 
host of hemodynamic and neurohormonal fac-
tors, such as the adrenergic and renin-angio-

tensin-aldosterone systems (RAAS) are trig-
gered to modulate left ventricle remodeling of 
the vascular tree once LVD occurs. One of the 
key neuroendocrine axes is the natriuretic pep-
tide system. This system consists of five pep-
tides, atrial peptide (ANP), urodilatin (an isoform 
of ANP), B-type natriuretic peptide (BNP), C-type 
natriuretic peptide (CNP), and dendroaspis 
natriuretic peptide (DNP) [5]. These peptides 
share a similar molecular structure and biologi-
cal functions (natriuresis, diuresis and vasodila-
tion) [6]. ANP and BNP are mainly synthesized 
and secreted by cardiomyocytes in response to 
increased cardiac wall tension and volume 
loading [7]. The secretion of natriuretic pep-
tides from cardiac ventricles is increased with 
LVD. The extent of ANP and BNP release is in 
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line with the degree of cardiac dysfunction and 
left ventricular failure, making them useful 
markers in evaluating the severity of these phe-
nomena [8]. Circulating natriuretic peptide lev-
els are helpful to assess the prognosis in 
patients with CAD and MI, with or without LVD 
[9, 10]. The persistence of elevated levels of 
natriuretic peptides for several months after MI 
suggests a continued risk of pathologic remod-
eling and the development of LVD and HF [11]. 

The NPPA ( natriuretic peptide precursor A) and 
NPPB ( natriuretic peptide precursor B) genes 
lie in tandem 9.7kb apart on chromosome 1. 
Mice with homozygous mutations of the NPPA 
gene have right and left ventricular hypertro-
phy. This hypertrophy is increased dispropor-
tionately (relative to controls) in response to 
transverse aortic constriction, suggesting that 
ANP negatively regulates matrix remodeling in 
the myocardium [12]. In contrast, NPPB gene 
knockout mice exhibit multifocal fibrotic lesions 
in the cardiac ventricles. These increase in size 
and number in response to ventricular over-
load, indicating that BNP acts as an anti-fibrotic 
factor [13]. Several polymorphisms within the 
NPPA-NPPB locus have been reported to be 
correlated with inter-individual variation in cir-
culating natriuretic peptide concentrations [14, 
15], contributing to ambulatory cardiovascular 
disease states such as stroke [16], HF [17], 
CAD [18] and HTN [15, 19]. The nonsynony-
mous coding polymorphism rs5065 is signifi-
cantly associated with increased circulating 
BNP and amino-terminal BNP (NT-proBNP) lev-
els in severe HF patients [20]. The rs5065 and 
rs5063 polymorphisms correlate with incr- 
eased left ventricular mass index and left ven-
tricular septal thickness in HTN patients [21]. 
The minor NPPA-NPPB allele, rs632793, 
rs198388 and rs198389 are associated with 
increased circulating ANP and BNP concentra-
tions and a reduced rate of cardiovascular 
readmission in CAD patients [15, 22]. 
Surprisingly, these polymorphisms have not 
been evaluated as markers for LVD. Therefore, 
we investigated the relationship between com-
mon NPPA-NPPB polymorphisms and the pres-
ence of LVD in CAD patients.

Materials and methods 

Ethics statement

The ethics committee of Ruijin Hospital, 
Shanghai Jiao Tong University School of 

Medicine approved this study. All the authors 
followed the guidelines of the World’s 
Association Declaration of Helsinki. Written 
informed consent for the study was obtained 
from each patient. 

Study cohort

A total of 747 consecutive patients undergoing 
coronary angiography for the diagnosis and 
intervention of CAD were admitted to Ruijin 
Hospital from January 2008 to December 
2012. Coronary angiography was performed 
via the femoral or radial artery approach, 
according to the clinical standards of the 
American College of Cardiology/American Heart 
Association guidelines for coronary angiogra-
phy [23]. Standard Judkins techniques were 
used for angiography [24]. Physicians perform-
ing the studies were blinded to the study proto-
col. CAD was defined as ≥50% luminal obstruc-
tion at least one or more major coronary 
epicardial coronary vessel. The patients were 
grouped according to the number of significant-
ly stenotic vessels, single-, double- or triple-
vessel disease. Any patient with cardiomyopa-
thy, congenital heart disease, pulmonary heart 
disease, valvular heart disease, stroke, infec-
tion, tumor or immune system disorders was 
excluded. Left ventricular (LV) function was cal-
culated by the echocardiography staff just 
before angiography. Imaging (e.g., M-mode, 2D) 
and color-flow Doppler echocardiography were 
performed. LV ejection fraction (EF), volumes 
and internal dimensions were measured 
according to the American Society of 
Echocardiography recommendations [25]. LVD 
was defined as (modified Simpson’s rule) LVEF≤ 
45% [26]. All patients were interviewed to 
ascertain their sociodemographic, economic 
and health status characteristics as well as life-
style (e.g., habits, tobacco usage). Ultrasound 
staff was blinded to polymorphism analysis 
results. Subjects were residents of Shanghai, a 
population that is primarily of Southern Han 
Chinese ethnicity.

Data collection

Complete clinical history and information on 
conventional cardiovascular risk factors were 
obtained by reviewing the patients’ medical 
records. HTN was defined as a systolic blood 
pressure >140 mmHg, a diastolic blood pres-
sure >90 mmHg or the use of anti-hypertensive 
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Table 1. The baseline characteristics of study population

Characteristics Reduced LVEF
(n = 201)

Preserved LVEF
(n = 546) P valueb

Age, yeara 64.26±11.76 64.29±8.98 0.97 
Male sex, n (%) 157 (78.1) 417 (76.4) 0.62
Risk factors
    Hypertension, n(%) 135 (67.2) 418 (76.6) 0.01 
    Diabetes, n (%) 58 (28.9) 160 (29.3) 0.91 
    Hyperlipidaemia, n (%) 37 (18.4) 145 (26.6) 0.02 
    Stroke history, n (%) 21 (10.4) 67 (12.3) 0.49 
    Smoking habit (%) 89 (44.3) 209 (38.4) 0.15 
Angiographic profile
    Single vessel disease (SVD), n (%) 46 (22.9) 184 (33.7) 0.01 
    Double vessel disease (DVD), n (%) 68 (33.8) 186 (34.1)
    Triple vessel disease (TVD), n (%) 87 (43.3) 176 (32.2)
aData are expressed as mean ± SD. bThe unpaired t-test is used for age and the x2 test is 
used for other categorical characteristics.

drugs. Smoking habit was classified as smok-
ers (ex-smoker and current smokers) or non-
smokers. Diabetes mellitus (DM) was defined 
as a fasting serum glucose level above 7.0 
mmol/L, a two-hour postprandial glucose 
greater than 11.1 mmol/L, or the use of dia-
betic medications. The diagnosis and manage-
ment of Hyperlipidemia (HLP) was performed 
according to the National Cholesterol Education 
Program Adult Treatment Panel III Guidelines 
(NCEP ATIII) [27]. Stroke was defined and clas-
sified based according to Trial of Org 10172 in 
Acute Stroke Treatment (TOAST) criteria [28].

DNA isolation and genotyping

Blood was drawn using EDTA-collection tubes. 
Genomic DNA was extracted from peripheral 
blood leukocytes according to standard phe-
nol-chloroform methods, and stored at -20°C 
until batch genotyping. Taqman assay was 
used to genotype SNPs (Single nucleotide poly-
morphisms). SNP Taqman probes and primers 
were designed using the Applied Biosystems 
Assay-by-Design Service for SNP genotyping. 
The sample DNA was amplified by PCR follow-
ing the recommendations of the manufacturer. 
Thermal cycling was done on a Gene Amp  
PCR System 9700 thermal cycler (Applied 
Biosystems, Foster City, CA, USA). Allele detec-
tion and genotype determination were per-
formed using the fluorescence mode of an ABI 
PRISM 7900HT Sequence Detector (Applied 
Biosystems, Foster City, CA, USA). Genotyping 
was performed without knowledge of the case-

control status of the sub-
jects. Ten percent of 
samples from patients 
and controls were se- 
quenced to estimate the 
quality of genotyping. No 
discrepancy was found. 
Five SNPs located in the 
NPPA-NPPB locus (rs- 
5065, rs5063, rs63- 
2793, rs198388 and 
rs198389) were inve- 
stigated.

Statistical analysis

Continuous variables we- 
re reported as the mean 
± standard deviation 
(SD) or median with 5th 
and 95th percentiles. 

Categorical measures were reported as per-
centages. The chi-square test or Fisher’s exact 
test were used to examine the goodness of fit 
between the observed allelic frequencies and 
the allelic frequencies expected by Hardy 
Weinberg Equilibrium (HWE). HWE was deter-
mined using the web program- http://ihg2.
helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl. 
Differences in the allelic and genotypic fre-
quencies of cases and controls were evaluated 
using the chi-square test. An unpaired t-test 
was used to test group differences of continu-
ous variables. Genotype frequency of the sub-
jects specified by different genetic models 
(allelic, additive, dominant, recessive and 
homozygote comparison) was analyzed by mul-
tivariate logistic regression adjusted for con-
founding factors. A two-tailed P<0.05 was 
regarded as statistically significant. Data man-
agement and statistical analyses were per-
formed using SPSS software version 20.0 
(SPSS, Chicago, IL, USA).

Linkage disequilibrium (LD) and haplotype 
blocks within 5 SNPs of the NPPA-NPPB locus 
were identified using the online computer plat-
form SHEsis- http://analysis.bio-x.cn/myAnaly-
sis.php [29]. LD coefficients were calculated 
using the formula D’=D/Dmax or D/Dmin. 
Haplotypes with a frequency higher than 1% 
were examined and significance was estimated 
by reference to the most frequent haplotype. 
Haplotype analysis was performed using the 
Haplo.stats program developed by R language 
version 3.0.2 (http://www.r-project.org). The 
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Table 2. Genotype distributions and allele frequencies of the 5 examined polymorphisms between 
the reduced and preserved LVEF groups in CAD patients and the risk prediction under various genetic 
models
SNP ID
(rs number)

Genotype
and allele

Cas-
es

Con-
trol PΧ2

a Genetic models
Unadjusted Adjustedb

OR 95% CI P value OR 95% CI P value
rs5065 GG 0 0 0.75 Allelic comparison 0.81 0.22-2.97 0.75 0.84 0.23-3.11 0.80 

AG 3 10 Dominant model 0.81 0.22-2.98 0.75 0.84 0.23-3.12 0.80 
AA 198 535 Recessive model –c – – – – –

G (%) 0.7 0.9 0.75 Homozygote comparison – – – – – –
A (%) 99.3 99.1 Additive model 0.81 0.22-2.98 0.75 0.84 0.23-3.12 0.80 

rs5063 TT 4 7 0.78 Allelic comparison 1.09 0.74-1.61 0.65 1.06 0.72-1.58 0.76 
CT 32 86 Dominant model 1.06 0.69-1.62 0.79 1.04 0.67-1.60 0.87 
CC 165 452 Recessive model 1.56 0.45-5.39 0.48 1.43 0.40-5.13 0.58 

T (%) 10.0 9.2 0.65 Homozygote comparison 1.57 0.45-5.42 0.48 1.46 0.41-5.20 0.56 
C (%) 90.0 90.8 Additive model 1.09 0.75-1.58 0.66 1.06 0.72-1.55 0.77 

rs632793 GG 6 9 0.50 Allelic comparison 1.07 0.76-1.50 0.69 1.06 0.75-1.50 0.75 
AG 42 120 Dominant model 1.01 0.69-1.48 0.95 1.02 0.69-1.50 0.93 
AA 153 416 Recessive model 1.83 0.64-5.22 0.26 1.56 0.53-4.56 0.42 

G (%) 13.4 12.7 0.69 Homozygote comparison 1.81 0.64-5.18 0.27 1.54 0.52-4.52 0.43 
A (%) 86.6 87.3 Additive model 1.07 0.77-1.49 0.70 1.06 0.75-1.48 0.75 

rs198388 TT 5 14 0.50 Allelic comparison 0.84 0.61-1.17 0.30 0.81 0.58-1.13 0.22 
CT 45 145 Dominant model 0.8 0.56-1.16 0.25 0.78 0.53-1.14 0.20 
CC 151 386 Recessive model 0.97 0.34-2.72 0.95 0.85 0.30-2.44 0.76 

T (%) 13.7 15.9 0.30 Homozygote comparison 0.91 0.32-2.58 0.86 0.82 0.28-2.35 0.71 
C (%) 86.3 84.1 Additive model 0.84 0.61-1.17 0.30 0.81 0.59-1.13 0.22 

rs198389 GG 6 10 0.43 Allelic comparison 0.96 0.68-1.33 0.79 0.95 0.68-1.34 0.77 
AG 42 132 Dominant model 0.89 0.61-1.29 0.54 0.89 0.61-1.31 0.56 
AA 153 402 Recessive model 1.64 0.59-4.58 0.34 1.49 0.52-4.27 0.45 

G (%) 13.4 14.0 0.79 Homozygote comparison 1.58 0.56-4.41 0.39 1.44 0.51-4.13 0.49 
A (%) 86.6 86.0 Additive model 0.96 0.69-1.33 0.79 0.95 0.68-1.33 0.77 

aP values were calculated by x2 test for differences in genotypes and alleles between the two groups. bORs adjusted for age, gender, HTN, DM, 
HLP, Stroke history, smoking habit and angiographic profile. cdata not available.

main functions in Haplo.stats were implement-
ed: Haplo.em was used to calculate maximum 
likelihood estimates of haplotype probability 
using a “progressive insertion” algorithm that 
progressively inserted batches of loci into hap-
lotypes of growing lengths. Haplo.cc and Haplo.
glm were used to calculate crude and adjusted 
odds ratios (ORs) and 95% confidence intervals 
(CIs) for each haplotype, respectively. These 
two approaches computed the regression of a 
trait on haplotypes and other covariates based 
on a generalized linear model [30, 31]. Haplo.
score was used to calculate score statistics 
and test the difference in haplotype frequen-
cies between cases and controls on the basis 
of simulated P (Psim) values that were obtained 
from 1000 replicates [32]. 

Gene-to-gene interactions in the occurrence of 
LVD were evaluated using the open-source mul-

tifactor dimensionality reduction (MDR) soft-
ware version 3.0 (www.epistasis.org) [33, 34]. 
MDR collapsed high-dimensional multilocus-
genotype variables into a single dimensional 
multilocus-genotype variable by sorting the 
genotypes into two levels, high- or low- risk. All 
possible combinations of these 5 polymor-
phisms were tested. A probabilistic naïve Bayes 
classifier with 10-fold cross-validation was 
used to estimate the prediction accuracy and 
the empirical P-value. The data are divided into 
10 divisions equally. 9/10 of the data is regard-
ed as training set and then the remaining 1/10 
is tested. A single best model with maximal 
testing accuracy and cross-validation consis-
tency was determined by measuring the num-
ber of times of 10 divisions of the data. The 
P-value <0.05 was considered statistically sig-
nificant using a 1000-fold permutation test.
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Table 3. Stratified analyses of the 5 NPPA-NPPB polymorphisms with 
the risk of LVD in CAD patients with HLP under the additive genetic 
model
Study ID
(rs number) Group

Unadjusted Adjusteda

OR 95% CI P value OR 95% CI P value
rs5065 HLP –b – – – – –

Non-HLP 0.91 0.24-3.49 0.89 0.97 0.25-3.77 0.96 
rs5063 HLP 0.69 0.28-1.71 0.42 0.69 0.26-1.81 0.45 

Non-HLP 1.24 0.82-1.88 0.31 1.19 0.78-1.82 0.41 
rs632793 HLP 0.35 0.12-1.00 0.05 0.31 0.10-0.93 0.04 

Non-HLP 1.31 0.91-1.89 0.15 1.30 0.90-1.89 0.16 
rs198388 HLP 0.30 0.10-0.86 0.03 0.26 0.09-0.79 0.02 

Non-HLP 0.99 0.69-1.40 0.93 0.97 0.68-1.39 0.86 
rs198389 HLP 0.31 0.11-0.88 0.03 0.26 0.09-0.80 0.02 

Non-HLP 1.17 0.82-1.68 0.39 1.17 0.81-1.69 0.40 
aORs adjusted for age, gender, HTN, DM, Stroke history, smoking habit and angio-
graphic profile. bdata not available.

Figure 1. Block structure of linkage disequilibrium (LD) for five genotyped single 
nucleotide polymorphisms (SNPs) in the NPPA-NPPB locus. Stronger correla-
tions between these SNPs are noted by red color in the intersecting squares 
linking each pair of SNPs.

Results

Patient characteristics 

Clinical characteristics of CAD patients are 
shown in Table 1. Of the total 747 CAD patients, 

201 had reduced (≤45%) 
LVEF and 546 had pre-
served LVEF (>45%). The 
reduced LVEF group was 
matched with the preserved 
LVEF group for age (P = 
0.97) and gender (P = 0.62). 
There was no significant dif-
ference in the distribution 
of other confounding fac-
tors including DM (P = 
0.91), smoking habit (P = 
0.15) and stroke history (P 
= 0.49). The reduced LVEF 
group had a significantly 
lower proportion of HTN (P 
= 0.01) and HLP (P = 0.02) 
than the preserved LVEF 
group. The angiographic 
profile of the reduced LVEF 
group was significantly dif-
ferent from that of the pre-
served LVEF group (P = 
0.01) (Table 1). 

Single-locus analysis

Ninety-nine percent of the 
samples were successfully 
identified. The genotype 
and allele frequencies of 
these 5 polymorphisms, as 
well as their risk prediction 
under different genetic 
models, are listed in Table 
2. No deviation from HWE 
was observed in both the 
reduced LVEF group and 
the preserved LVEF group 
(P>0.05). There was no dif-
ference in the allele or gen-
otype frequencies of the 
two groups. The risk esti-
mates for LVD with these 5 
polymorphisms did not 
change after adjusting for 
age, gender, HTN, DM, HLP, 
stroke history, smoking 
habit and angiographic 
profile.

Stratification analyses were performed to 
investigate the interactive effect of NPPA-NPPB 
polymorphisms and confounding factors on 
LVD. When data were classified by HLP (Table 
3) and adjusted for other confounding factors, 
three polymorphisms of the NPPA-NPPB locus 
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Table 4. Haplotype frequencies of the 5 NPPA-NPPB polymorphisms and their risk prediction of LVD in 
CAD patients

Haplotype Cases 
(%)

Controls 
(%) Psim

Unadjusted Adjusteda

OR 95% CI P value OR 95% CI P value
Totalb

    A-C-G-T-G 7.09 7.76 0.95 1.02 0.66-1.58 0.96 1.05 0.67-1.63 0.84 
    A-T-A-C-A 5.44 4.44 0.47 1.19 0.70-2.02 0.47 1.24 0.72-2.12 0.44 
    A-T-G-T-G 4.03 3.93 0.90 1.01 0.54-1.87 0.90 0.92 0.49-1.74 0.80 
    A-C-A-C-A 79.13 78.86 0.86 Reference Reference
Block1c

    A-T-A 1.26 2.40 0.17 0.51 0.19-1.34 0.16 0.41 0.15-1.11 0.08 
    G-T-G 11.93 12.03 0.99 0.97 0.68-1.38 0.96 0.97 0.68-1.38 0.86 
    A-C-A 84.81 83.44 0.51 Reference Reference
Psim: simulated P value. aORs adjusted for age, gender, HTN, DM, HLP, Stroke history, smoking habit and angiographic profile. 
bAlleles in total haplotype were arrayed in order of rs5065, rs5063, rs632793, rs198388 and rs198389. cAlleles in block 1 
haplotype were arrayed in order of rs632793, rs198388 and rs198389.

Table 5. Summary of the multifactor dimensionality reduction 
analysis

Best combination of each model Testing 
accuracy

Cross-validation 
consistency P valuea

rs198388 0.3963 9 0.8834
rs632793, rs198388 0.3788 5 0.9281
rs5063, rs632793, rs198388 0.3989 10 0.7708
aP value based on 1000 permutations.

were significantly associated with LVD 
(rs632793: P = 0.04, OR=0.31, 95% CI 0.10-
0.93; rs198388: P = 0.02, OR = 0.26, 95% CI 
0.09-0.79; rs198389: P = 0.02, OR=0.26, 95% 
CI 0.09-0.80). No such difference was found in 
the non-HLP population. 

Haplotype analysis

Considering these 5 polymorphisms were locat-
ed on the same chromosome, we performed a 
linkage analysis (Figure 1). Strong linkage pat-
terns were observed between rs632793, 
rs198388 and rs198389 (D’≥0.91), suggest-
ing that these 3 loci in the NPPA-NPPB locus 
were in the same block (block 1, Figure 1). 
Haplotype analyses were performed to investi-
gate combinational effects of these 5 polymor-
phisms on LVD risk (Table 4). Four haplotypes 
(alleles in order of rs5065, rs5063, rs632793, 
rs198388 and rs198389) had frequencies 
≥1% and were included in the haplotype analy-
ses. The A-C-A-C-A haplotype was the most fre-
quent (79.13%in the reduced LVEF group and 
78.86% in the preserved LVEF group). Using the 
A-C-A-C-A haplotype as a reference, no signifi-

Gene-to-gene Interactions

An exhaustive MDR analysis that estimated 
possible interactions of different gene po- 
lymorphisms with LVD was performed (Table 
5). Each best model was accompanied with its 
testing accuracy, cross-validation consistency 
and significant level determined by permuta-
tion testing. The single-locus model including 
rs198388 generated a testing accuracy of 
39.63% and a cross-validation consistency of 
9/10. Three polymorphisms, rs5063, rs632793 
and rs198388 constituted the best overall 
MDR model with the highest testing accuracy 
of 39.89% and a maximal cross-validation con-
sistency of 10. None of these models was sig-
nificant in predicting LVD risk in CAD patients 
(P>0.05).

Discussion

We evaluated the relationship of 5 common 
NPPA-NPPB locus polymorphisms with LVD in a 
large Chinese population. To the best of our 
knowledge, this is the first such study per-
formed in CAD patients. The principal finding of 

cant difference was found 
between the other three allele 
combinations and the reference 
haplotype in prediction of LVD. 
Similarly, no difference was found 
for all the haplotypes in block1 
(alleles in order of rs632793, 
rs198388 and rs198389), even 
after adjusting for confounding 
factors.
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the study indicated none of the NPPA-NPPB 
polymorphisms was associated with LVD in 
overall analysis. Haplotype analysis confirmed 
the lack of association of these 5 examined 
polymorphisms with LVD. A subgroup analysis 
of HLP patients identified a significant associa-
tion between 3 polymorphisms (rs632793, 
rs198388 and rs198389) and a reduced risk 
of LVD after adjusting for environmental covari-
ates. Our results confirmed a previous study of 
1,164 Europeans undergoing primary coronary 
artery bypass graft (CABG) surgery with cardio-
pulmonary bypass (CPB) [35]. No significant 
associations were reported between the 2 
NPPA-NPPB polymorphisms (rs5065 and 
rs5063) and ventricular dysfunction after CABG 
with CPB. Three polymorphisms (rs632793, 
rs198388 and rs198389) were protective of 
the ventricular dysfunction after CABG with 
CPB. These 3 polymorphisms are located in the 
NPPA-NPPB promoter region that has a tandem 
array of possible cis regulatory elements. These 
are known to be gene regulators and targets for 
gene up regulation via different signaling path-
ways [36]. Various physiologic stimuli including 
mechanical stretch, ischemic injury and hypox-
ia, as well as inflammatory mediators activate 
regulation of the NPPA-NPPB promoter, result-
ing in increased secretion of natriuretic peptide 
[37]. These SNPs are arranged in tandem on 
chromosome 1 and may coordinately regulate 
gene expression, through shared enhancer ele-
ments [15]. Further work will be required to 
determine the mechanisms by which these 
polymorphisms alter transcript stability or bio-
logical activity of the peptides.

A relationship was identified between the 
NPPA-NPPB polymorphisms in CAD patients 
with HLP and LVD. Natriuretic peptides are 
believed to be important in lipid metabolism, 
probably promoting adipose tissue lipolysis 
through increased cyclic guanosine monophos-
phate (cGMP) production [38]. The migration of 
human mesangial cells, may play a role in the 
pathogenesis of atherosclerosis. Oxidized LDL 
and lysophosphatidylcholine stimulate the 
migration of human mesangial cells. This migra-
tion is inhibited by ANP and BNP, possibly via a 
cGMP-dependent process [39]. BNP broadly 
inhibits Ang II-stimulated steroidogenesis by a 
number of mechanisms including the modula-
tion of cholesterol biosynthesis, inhibition of 
Ang II- induced expression of scavenger recep-
tor class B type I (SR-BI) , LDL receptors (LDLR), 

uptake of cholesterol from HDL and LDL into 
adrenocortical cells, inhibition of cholesterol 
transfer through the mitochondrial inner mem-
brane, and reduction of steroid synthesis in pri-
mary human adrenocortical cells [40]. 

MDR is a novel method of analyzing genotype-
genotype and genotype-phenotype associa-
tions. The advantage of MDR is that high-order 
gene-gene interactions can be detected in a 
relatively small sample population without the 
influence of dimensionality and genetic mod-
els. We did not detect any gene-gene interac-
tions affecting LVD risk in CAD patients exam-
ined with MDR. This may be explained by the 
possibilities that the effect of the NPPA-NPPB 
promoter on LVD is predominant, and the inter-
active effects among genes may be over-
whelmed by this main effect. Racial genetic 
diversity of the 5 examined polymorphisms 
could also explain this finding. There is a rela-
tively lower genotype frequency of these 5 
NPPA-NPPB polymorphisms in Chinese than in 
Caucasians [14, 15, 22]. The NPPA-NPPB poly-
morphisms probably had more complex genetic 
effects on the Chinese population than the 
Caucasian population. Additional studies of the 
pleiotropic effect of NPPA-NPPB polymor-
phisms are warranted.

This study had several limitations. First, the 
study was case-control in design, which pre-
cludes comments on causality. Second, only 5 
NPPA-NPPB loci were evaluated. We could not 
exclude the possibility that other common 
SNPs or rare variations would affect disease 
progression. Third, we only evaluated genes 
related to the natriuretic peptide systems. LVD 
is a complex process that involves interactions 
of the adrenergic nervous system, RAAS and 
natriuretic peptides [41-43]. The interaction of 
natriuretic peptide genes with other neurohu-
moral factors, such as angiotensin and adren-
ergic genes, merits further study.

In conclusion, rs632798, rs198388 and 
rs198389 polymorphisms of the NPPA-NPPB 
locus might be additive genetic factors influ-
encing disease progression of LVD in CAD 
patients with HLP. Rs5065 and rs5063 poly-
morphisms were not independent determi-
nants of LVD in CAD patients. Our study rein-
forces the belief that natriuretic peptides may 
be protective of LVD, especially those with ath-
erogenic dyslipidemia.
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