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Abstract
Objective—Although beneficial effects of potassium intake on blood pressure (BP) are well
established, little is known about genetic factors that underlie interindividual variability in BP
response to dietary potassium. In a previous study, we reported the first evidence for significant
heritabilities for BP response in a dietary intervention study in rural Chinese. In this report, we
extend our genetic studies to examine associations with polymorphisms in genes in vascular
endothelial pathways.

Methods—We genotyped study participants for 23 SNPs in EDN1, NOS3, and SELE. We tested
17 of these SNPs for associations with BP response to potassium supplementation in 1,843
participants. Association tests used population based (GEE) and family based (QTDT) methods, as
well as tests for gene by gene interaction (GMDR, GEE).

Results—Single SNP analysis identified significant associations for several SNPs in EDN1 with
multiple measures of BP response to potassium supplementation. The cumulative effects of the
minor EDN1 alleles that showed significant associations were to reduce measures of BP response
by 0.5 to 0.9 mm Hg. We found significant evidence for effects of gene by gene interactions
between EDN1 and SELE, even in the absence of individual associations with SELE variants.

Conclusions—Our results implicate variability in EDN1 and SELE as genetic factors that
influence BP response to potassium intake. While such epidemiological studies do not allow direct
determination of physiologic mechanisms, our findings of joint effects identify EDN1 and SELE
as targets for functional studies to determine their interactions in BP response to potassium intake.

Keywords
potassium; blood pressure response; dietary intervention; hypertension; genetic association; gene
by gene interaction

INTRODUCTION
Hypertension (HT) is the leading risk factor for premature death, which causes 7.6 million
or 13.5% of total mortality worldwide [1]. HT is caused by interactions among numerous
genetic and environmental factors. HT treatment using medication and/or life style
modification is highly effective in reducing end organ damage [2–7]. Life style
modifications for management of blood pressure (BP) include weight control, exercise,
lower sodium and alcohol intake, and higher potassium intake [8]. Increased potassium
intake through fruits and vegetables or dietary supplements is considered an inexpensive and
safe way to lower BP, especially in moderately hypertensive individuals where medication is
not appropriate [9,10]. Beneficial effects of potassium intake on BP control is well
documented by many epidemiological and animal studies, as well as numerous clinical trials
[9–17]. However, BP response to potassium intake varies widely among individuals. In
general, potassium appears to be more effective in older individuals, females, and African
Americans [9,11,14]. In addition, increased BP response to potassium intake is associated
with elevated BP [9] and increased consumption of dietary sodium [16]. Potassium can exert
its beneficial effect on BP through different physiological mechanisms, including effects on
vascular endothelial pathways such as stimulation of nitric oxide production, a potent
vasodilator. Potassium also protects the integrity of vascular endothelium that is vital in
maintaining normal BP, reducing the formation of oxygen free radicals to limit vulnerability
to damaging factors such as platelet aggregation and leukocyte adherence [14,18].

In this report, we investigate the influence of genetic variation on BP response to potassium
supplementation in the Genetic Epidemiology Network of Salt Sensitivity (GenSalt) study, a
controlled feeding study of rural Chinese villagers [19]. The GenSalt study design involved
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BP measurements at baseline on their typical diet, and after controlled dietary interventions
(one week each of a low sodium diet, high sodium diet, and high sodium diet with potassium
supplementation). Lymphocyte DNA samples were collected from GenSalt participants for
genotyping variants in genes from various physiological pathways involved in blood
pressure homeostasis, including central vascular endothelial pathways. We previously
reported the first evidence of genetic effects on BP response to potassium, including
significant heritabilities for systolic BP (SBP) (h2=0.24), diastolic BP (DBP) (h2=0.21), and
mean arterial pressure (MAP) (h2=0.25) in GenSalt participants [20]. In this study we
further examine genetic factors that influence BP response to potassium intake, focusing on
three genes from vascular endothelial pathways that control BP including endothelin 1
(EDN1) that encodes a potent endothelium derived vasoconstrictor, nitric oxide synthase 3
(NOS3) in the vascular endothelial nitric oxide signaling pathway, and E Selectin (SELE)
that encodes a major adhesion molecule on vascular endothelial surfaces. We genotyped
GenSalt participants for single nucleotide polymorphisms (SNPs) at these loci to identify
associations with BP response to potassium intake, and to examine interactions among these
genes that share endothelial pathways.

METHODS
Study population

GenSalt study participants were comprised of Han Chinese families from six rural villages
in Northern China. Families were recruited through 18–60 year old probands who were
either prehypertensive or had stage-1 HT (SBP 130–160 mm Hg and/or DBP of 85–100 mm
Hg), but were never treated with hypertension medication. Parents, spouses, siblings, and
offspring were invited to participate in the study. Family members were excluded if they had
stage-2 HT, a history of CVD or diabetes, pregnancy, heavy alcohol consumption, or on low
sodium diet or anti-hypertensive treatment. A total of 3,142 individuals in 631 families
participated in this study. Of the 1,906 eligible family members (parents were excluded), a
total of 1,843 subjects participated in the dietary intervention (97% participation rate). The
study was performed over the period from October, 2003 to July, 2005. In addition to BP
measures, a large number of demographic, anthropomorphic, and medical variables were
measured in GenSalt subjects. More information about subject recruitment and
measurements are available elsewhere [19]. All of the GenSalt subjects signed an informed
consent, and Institutional Review Board approvals for this study were obtained from all
participating institutions.

Dietary intervention and study measurements
Probands and their siblings, spouses, and offsprings (but not parents) participated in the
dietary intervention (1,843 individuals). Since BP response to potassium intake tends to be
higher in individuals with high sodium intake, all study participants were on a high sodium
diet (18 g of salt or 308 mmol of sodium per day) for 7 days, followed by 7 days of
potassium supplementation (60 mmol of potassium per day) while keeping the high sodium
diet.

All unsalted meals were cooked and served by the study staff, and prepackaged salt was
added at the time of consumption. Dietary compliance by the participants was confirmed by
measurements of 24-hour urinary excretion of sodium and potassium. For the 7 day
potassium supplementation period, average measures of potassium in 24-hour urinary
excretions were 77.3 mmol as compared to 36.8 mmol at baseline before dietary
interventions. BP measurements were taken in the sitting position using a random-zero
sphygmomanometer. Each average BP value was calculated from 9 BP measurements from
3 clinical visits at baseline, and in the last 3 days of each dietary intervention. BP response
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to potassium supplementation was expressed as absolute differences between BP values
from the high potassium/sodium intervention and the preceding high sodium intervention.
More detailed descriptions of the diets and BP measurements are available in previous
reports from the GenSalt study [19,20].

SNP selection and genotyping
We selected 23 SNPs in genes for Endothelin 1(EDN1), nitric oxide synthase 3 (NOS3), and
E selectin (SELE) including tag SNPs that represent the common Chinese haplotypes
identified by Tagger software based on linkage disequilibrium patterns determined by the
International HapMap Project [21]. In addition, we included potentially functional SNPs that
introduce amino acid changes (missense substitutions) or that have shown significant
associations in previous studies. SNP genotyping was performed using the high throughput
SNPlex platform (Applied Biosystems) according to the manufacturer's protocol [22]. Six of
the SNPs were excluded due to low call rate (<80%, one SNP), and/or low minor allele
frequency (MAF <0.05, 5 SNPs), and/or severe deviation from Hardy-Weinberg
Equilibrium (HWE) (p<0.001, one SNP), yielding 17 SNPs for further analysis. Table 1
presents more detailed information for these SNPs concerning their allelic identities, gene
and genome locations, HWE p-values, call rates, and allele frequencies.

Statistical analysis
Plink and PedCheck programs were used to assess the Mendelian consistency of the SNP
genotype data [23,24]. Programs from the Affected-Sib-Pair Interval Mapping and
Exclusion package (ASPEX) and the Graphical Representation of Relationships (GRR)
package were used to check for potential misreported relationships within pedigrees [25,26].
Haploview and the Pedstat procedure in QTDT were used for SNP descriptive statistics
[27,28]. BP response variables were adjusted for covariates (age, age2, age3, gender,
generation (in a multi-generation family), BP examination room temperature, and field
center), and standardized to ensure a mean value of 0 and a standard deviation of 1. For
family-based analysis, we used the quantitative transmission disequilibrium test (QTDT
version 2.6), we used the orthogonal model which incorporates the variance component
method, and a 1000 Monte-Carlo permutation test to adjust for multiple testing [29]. For
population-based analysis, we used the Generalized Estimation Equation (GEE) method [30]
that accounts for familial correlation. GEE analysis was performed using SAS 9.1 (proc
genmod) and exchangeable working correlation matrix with an additive genetic model
(coding each SNP as 0 for homozygotes for the major allele, 1 for heterozygotes, and 2 for
homozygotes for the minor allele. False Discovery Rate (FDR) was used to correct for
multiple testing in GEE analysis [31]. We used both family-based statistical methods
(QTDT) which are more robust to hidden population substructure and population-based
methods (GEE) that provide increased power by including all subjects rather than only
informative families. The application of these complementary approaches provided
increased confidence in the validity of the association results. For interactions among genes,
we used the Generalized Multifactor Dimensionality Reduction program (GMDR version
0.7) to determine joint effects of each pair of SNPs. GMDR uses cross-validation and
permutation tests to eliminate false positive results. We used GMDR for an exhaustive
search for all possible two locus models with ten-fold, leave-one-out cross validation. The
best model identified by GMDR for each BP measure was verified using GEE to account for
familial correlation. For GEE verification, we created a new variable for the interaction by
classifying SNP genotype combinations according to BP response (coded 0 for genotype
combinations with low response, and 1 for genotype combinations with high response). We
calculated mean values for blood pressure traits (SBP, DBP, MAP) for genotypic classes
using GEE residuals that were adjusted for familial correlations.
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RESULTS
We tested variants in three genes (EDN1, NOS3, SELE) involved in key vascular
endothelial pathways for associations with BP response to potassium supplementation in
rural Chinese participants in the GenSalt dietary intervention study [19] (Table 1). We
genotyped 1,843 individuals (mean age of 38.7 years, 53% male) that participated in the
dietary intervention consisting of seven days each of low sodium diet, high sodium diet, and
the high sodium diet with potassium supplementation. Table 2 shows results for associations
between each SNP and BP response (SBP, DBP, MAP) to potassium supplementation using
both GEE and QTDT. GEE identified significant associations for four SNPs in EDN1
(rs1476046, rs1630736, rs1800541, rs3087459) with multiple BP measurements. Of these
SNPs, rs1800541 and rs3087459 are in almost complete LD (R2 = 0.98). The FDR for all
significant p-values for GEE was less than 0.09, which means that less than one of these p-
values may be a false positive. QTDT analysis verified associations for the two correlated
SNPs in EDN1 with DBP and MAP.

Figure 1 shows mean BP response for genotypes for EDN1 SNPs that showed significant
associations with SBP (Panel A), DBP (Panel B), and MAP (Panel C). For these
comparisons, we excluded genotypes for EDN1 rs3087459 due to almost complete LD with
EDN1 rs1800541 (R2=0.98). With one exception (SBP for rs1630736), homozygotes for the
minor allele had the strongest BP responses to potassium supplementation, and
heterozygotes had intermediate responses. Figure 2 shows the cumulative effect of
associated EDN1 SNPs on mean BP response in groups that carry increasing numbers of
minor alleles. For SBP (Panel A), the combined effect of minor alleles (rs1630736 and
rs1800541) was to decrease mean values of SBP by approximately 0.9 mm Hg (p=0.006).
For DBP (Panel B) and MAP (Panel C), the combined effect of the minor alleles
(rs1476046, rs1800541) was to lower DBP (p=0.02) and MAP (p=0.006) by approximately
0.5 and 0.7 mm Hg respectively.

Because these genes are all involved in vascular endothelial pathways that control BP, we
used GMDR to identify interactions among the variants at the three loci (EDN1, NOS3,
SELE) that influence response to potassium supplementation. GMDR found significant joint
effects between EDN1 rs1630736 and SELE rs932307 for both DBP and MAP. We used
GEE analysis with the best GMDR model to confirm the interaction for both DBP (p =
0.006) and MAP (p = 0.003). Figure 3 shows the joint effect of these EDN1 and SELE
variants on DBP (Panel A) and MAP (Panel B) in response to potassium supplementation. In
single gene analysis, EDN1 rs1630736 showed significant associations with SBP (p=0.04),
but not DBP and MAP (Table 2). This lack of association with DBP and MAP may be
explained by interaction with SELE genotypes. In combination with particular SELE
rs932307 genotypes (AG and GG), EDN1 TT and TC genotypes showed a trend for
decreasing DBP and MAP response (Figure 3). However, in combination with the SELE GG
genotype, EDN1 CC homozygotes reversed that trend with a larger response than the TT
and TC genotypes.

DISCUSSION
The GenSalt dietary intervention study in rural Chinese first reported evidence for genetic
factors that underlie individual variation in BP response to potassium intake, with significant
heritabilities for SBP, DBP, and MAP. In this study, we present the first examination of the
effects of variants in key genes in vascular endothelial pathways on response to potassium
including endothelin I (EDN1), nitric oxide synthase 3 (NOS3), and E selectin (SELE). The
GenSalt target population and study design provided several advantages for this genetic
association study. For example, the study participants were recruited from a relatively
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homogenous population (Han Chinese) thus limiting statistical confounding due to hidden
population substructure or admixture in association tests. In addition, the GenSalt
participants are rural villagers with similar lifestyles (farmers) and seasonal diets.

In statistical tests of individual SNPs, we found significant associations for EDN1 variants
with multiple measures of BP response to potassium supplementation using both family-
based (QTDT) and population-based (GEE) methods (Table 2). Two of the associated SNPS
(rs1800541, and rs3087459) were in strong LD (R2=0.98), and located together in the EDN1
promoter region with potential regulatory effects on gene expression (Table 1). The
rs1800541 variant previously has shown associations with hypertension in haplotype
analysis of British rheumatoid arthritis patients [32], and with asthma in 2 different
European populations [33]. We also found significant associations for rs1476046 and
rs1630736 that are located in EDN1 introns. While the evidence is compelling for the
influence of EDN1 variation on BP response to potassium, we are not able to provide
mechanistic or physiological explanations. However, these results support a potential role in
potassium response for EDN1 that is expressed in vascular endothelium as well as other
tissues (smooth muscle, fibroblasts, myocytes, macrophages, and neurons). EDN1 encodes
preproendothelin that is processed to form endothelin 1, a potent vasoconstricter that also
mediates water and salt homeostasis via G-protein coupled receptors targeted by HT drug
therapies [34–36].

We found significant evidence for interaction of SNPs in SELE (rs932307) and EDN1
(rs1630736) for DBP (p = 0.006) and MAP (p = 0.003) in response to potassium
supplementation. Interestingly, we did not find main effects of SELE rs932307 on these BP
measures in the absence of interaction with EDN1 rs1630736 (Table 2). These results
underscore the importance of gene by gene interactions in complex traits, particularly among
genes that share physiologic and metabolic pathways. This statistical evidence of interaction
identifies SELE and EDN1 as good candidates for future studies to define their functional
interactions on BP response to potassium. SELE is expressed in endothelial cells, producing
E selectin that mediates cell adhesion of circulating monocytes to vascular endothelial
surfaces, leading to atherosclerosis [37]. Rare SELE mutations were previously found to be
associated with BP [38–40] and atherosclerosis [37] in several studies. Elevated plasma
levels of soluble E selectin have been found associated with HT, perhaps as a result of
endothelial damage or SELE involvement in endothelial dysfunction. A tentative connection
between potassium supplementation and SELE is provided by studies in rats that found high
potassium diets reduced endothelial injuries with a concomitant reduction in leukocyte
adherence to the vascular wall [41]. Previous studies have identified effects of gene by gene
interaction on BP response, including evidence for interaction between Gly460Trp in the
alpha-adducin gene (ADD1) and the insertion/deletion polymorphism in the gene for
angiotensin converting enzyme (ACE) on BP response to a sodium load [42].

Conclusion
We have identified associations of variation in genes in vascular endothelial pathways with
BP response to potassium supplementation in a dietary intervention study in rural Chinese.
We found significant associations of promoter and intronic SNPs in EDN1 with multiple
measures of BP response, as well as evidence for significant effects of gene by gene
interaction between variants in EDN1 and SELE in the absence of main effects of SELE
variants. One of the goals of genetic studies is to provide diagnostic genetic markers to
identify individuals with specific types of response to medication, as well as dietary and
lifestyle treatments. This early report of genetic associations indicates that BP response to
potassium may ultimately become a target for development of such genetic tests. However,
these results will require replication in other cohorts to determine generalizability to other
ethnicities and to populations with diets that are lower in sodium than these rural Chinese
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villagers. While individual responses due to genetic factors may be modest, from a public
health perspective, only a 2 mm Hg reduction in SBP leads to a 10% decrease in stroke
attributable mortality and 7% decrease in ischemic heart disease attributable mortality [43].

CONDENSED ABSTRACT

We tested polymorphisms in genes in vascular endothelial pathways for associations with
blood pressure response to potassium in a dietary intervention study in rural Chinese. We
used family and population based methods to test for associations with 17 SNPs in
EDN1, NOS3, and SELE. We identified significant associations for several EDN1 SNPs
with multiple measures of BP response. Cumulative effects of the minor alleles for
associated SNPs were reductions of 0.5–0.9 mm Hg in BP response. We also found
significant evidence for gene by gene interactions between EDN1 and SELE, even in the
absence of individual associations with SELE variants.
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Figure 1.
Mean adjusted SBP (a), DBP (b), and MAP (c) response (mm Hg) to potassium
supplementation according to genotypes for EDN1 SNPs that showed significant
associations with each measure. BP response variables were adjusted for age, age2, age3,
gender, generation, BP examination room temperature, and field center.
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Figure 2.
Cumulative effects of the minor alleles for EDN1 SNPs that showed significant associations
with BP response to potassium supplementation. Mean values of adjusted BP response for
groups carrying 0, 1, 2, and 3 or 4 rare alleles (545, 596, 448, and 218 individuals,
respectively) are shown for SBP (Panel A), DBP (Panel B), and MAP (Panel C). The best
fitting trend line and p value from t-tests between those with 0 risk allele and those with 3 or
4 risk alleles are shown (R2 =0.76 for SBP, R2=0.40 for DBP, and R2=0.54 for MAP). BP
response variables were adjusted for age, age2, age3, gender, generation, BP examination
room temperature, and field center.
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Figure 3.
Mean adjusted values (mm Hg) for DBP response (Panel A) and MAP response (Panel B) to
potassium supplementation as a function of interaction between genotypes for EDN1
rs1630736 and SELE rs932307. Number of individuals for each EDN1/SELE genotype
group are shown. BP response variables were adjusted for age, age2, age3, gender,
generation, BP examination room temperature, and field center.

Montasser et al. Page 12

J Hypertens. Author manuscript; available in PMC 2011 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Montasser et al. Page 13

Ta
bl

e 
1

SN
Ps

 in
 g

en
es

 in
vo

lv
ed

 in
 v

as
cu

la
r e

nd
ot

he
lia

l p
at

hw
ay

s (
ED

N
1,

 N
O

S3
, S

EL
E)

 te
st

ed
 fo

r a
ss

oc
ia

tio
ns

 w
ith

 B
P 

re
sp

on
se

 to
 p

ot
as

si
um

 su
pp

le
m

en
ta

tio
n.

C
h

G
en

e
SN

P
Po

si
tio

n
R

eg
io

n
H

W
pv

al
a

C
al

l r
at

e
M

A
Fb

A
lle

le
s-

 M
aj

/M
in

6
ED

N
1

rs
14

76
04

6
12

40
12

06
in

tro
n

0.
57

0
0.

87
0.

28
G

/A

6
ED

N
1

rs
16

30
73

6
12

40
39

72
in

tro
n

1.
00

0
0.

81
0.

45
T/

C

6
ED

N
1

rs
18

00
54

1
12

39
72

04
pr

om
ot

er
0.

99
0

0.
88

0.
20

T/
G

6
ED

N
1

rs
18

00
54

3
12

40
21

22
in

tro
n

0.
92

0
0.

85
0.

28
T/

C

6
ED

N
1

rs
28

59
33

8
12

40
69

69
in

te
rg

en
ic

0.
70

0
0.

88
0.

07
G

/A

6
ED

N
1

rs
30

87
45

9
12

39
76

24
pr

om
ot

er
0.

47
5

0.
88

0.
21

A
/C

6
ED

N
1

rs
53

70
12

40
42

40
ex

on
0.

78
8

0.
84

0.
27

G
/T

7
N

O
S3

rs
10

27
72

37
15

01
20

99
1

in
te

rg
en

ic
0.

69
5

0.
87

0.
25

A
/G

7
N

O
S3

rs
18

00
78

1
15

01
30

09
1

in
tro

n
0.

68
3

0.
87

0.
08

G
/A

7
N

O
S3

rs
39

18
22

7
15

01
38

59
3

in
tro

n
0.

81
9

0.
82

0.
06

C
/A

7
N

O
S3

rs
74

35
07

15
01

45
13

5
in

tro
n

0.
73

6
0.

84
0.

26
A

/G

7
N

O
S3

rs
78

30
15

01
47

21
8

in
tro

n
0.

06
9

0.
83

0.
40

C
/A

1
SE

LE
rs

39
17

40
6

16
64

33
93

5
in

tro
n

0.
89

0
0.

82
0.

48
C

/T

1
SE

LE
rs

39
17

41
9

16
64

31
47

6
in

tro
n

0.
97

3
0.

86
0.

15
C

/T

1
SE

LE
rs

47
86

16
64

23
78

9
ut

r
0.

56
9

0.
87

0.
44

G
/A

1
SE

LE
rs

53
68

16
64

28
60

3
ex

on
0.

61
1

0.
84

0.
28

C
/T

1
SE

LE
rs

93
23

07
16

64
34

36
2

in
tro

n
0.

44
6

0.
86

0.
48

A
/G

a H
W

pv
al

, p
-v

al
ue

s f
or

 te
st

s o
f H

ar
dy

-W
ei

nb
er

g 
eq

ui
lib

riu
m

b M
A

F,
 m

in
or

 a
lle

le
 fr

eq
ue

nc
y

J Hypertens. Author manuscript; available in PMC 2011 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Montasser et al. Page 14

Ta
bl

e 
2

Si
gn

ifi
ca

nc
e 

va
lu

es
 fo

r a
ss

oc
ia

tio
ns

 o
f i

nd
iv

id
ua

l S
N

Ps
 w

ith
 B

P 
re

sp
on

se
 to

 p
ot

as
si

um
 su

pp
le

m
en

ta
tio

n 
us

in
g 

po
pu

la
tio

n 
ba

se
d 

(G
EE

) a
nd

 fa
m

ily
 b

as
ed

(Q
TD

T)
 st

at
is

tic
al

 m
et

ho
ds

. G
E

E
Q

T
D

T

G
en

e
SN

P
SB

P
D

B
P

M
A

P
SB

P
D

B
P

M
A

P

ED
N

1
rs

14
76

04
6

0.
19

1
0.

04
2*

0.
03

7*
0.

90
9

0.
14

4
0.

17
8

ED
N

1
rs

16
30

73
6

0.
03

7*
0.

39
0

0.
13

6
0.

44
7

0.
35

7
0.

30
4

ED
N

1
rs

18
00

54
1

0.
03

0*
0.

01
3*

0.
01

0*
0.

15
9

0.
00

6*
*

0.
01

0*

ED
N

1
rs

18
00

54
3

0.
23

5
0.

09
2

0.
05

8
0.

59
8

0.
19

0
0.

16
1

ED
N

1
rs

28
59

33
8

0.
84

0
0.

65
6

0.
82

4
0.

70
8

0.
77

1
0.

64
8

ED
N

1
rs

30
87

45
9

0.
06

4
0.

02
9*

0.
02

5*
0.

16
1

0.
02

1*
0.

02
3*

ED
N

1
rs

53
70

0.
21

7
0.

09
3

0.
05

6
0.

69
2

0.
22

5
0.

21
2

N
O

S3
rs

10
27

72
37

0.
87

9
0.

66
6

0.
45

1
0.

89
7

0.
83

0
0.

95
9

N
O

S3
rs

18
00

78
1

0.
85

9
0.

17
8

0.
27

5
0.

54
4

0.
78

5
0.

95
7

N
O

S3
rs

39
18

22
7

0.
68

1
0.

90
9

0.
80

9
0.

58
6

0.
99

2
0.

80
8

N
O

S3
rs

74
35

07
0.

82
9

0.
11

3
0.

19
6

0.
77

4
0.

19
1

0.
38

2

N
O

S3
rs

78
30

0.
16

5
0.

89
8

0.
27

5
0.

39
1

0.
17

1
0.

50
1

SE
LE

rs
39

17
40

6
0.

40
2

0.
50

0
0.

40
8

0.
89

8
0.

66
5

0.
83

6

SE
LE

rs
39

17
41

9
0.

82
3

0.
79

9
0.

88
3

0.
53

0
0.

57
2

0.
41

6

SE
LE

rs
47

86
0.

35
9

0.
30

5
0.

23
9

0.
75

6
0.

94
6

0.
99

5

SE
LE

rs
53

68
0.

50
0

0.
56

7
0.

51
5

0.
78

1
0.

90
0

0.
94

5

SE
LE

rs
93

23
07

0.
17

8
0.

08
8

0.
07

1
0.

80
5

0.
55

4
0.

60
4

SB
P:

 S
ys

to
lic

 b
lo

od
 p

re
ss

ur
e,

 D
B

P:
 d

ia
st

ol
ic

 b
lo

od
 p

re
ss

ur
e,

 M
A

P:
 M

ea
n 

ar
te

ria
l p

re
ss

ur
e,

 G
EE

: G
en

er
al

iz
ed

 E
st

im
at

io
n 

Eq
ua

tio
n.

* P<
0.

05

**
P<

0.
01

J Hypertens. Author manuscript; available in PMC 2011 April 1.


