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2.4, Selenium measurements

The selenium concentrations in serum samples were
determined spectrofluorometrically by 2,3-diaminonaphtha-
lene after digestion in nitric acid and perchloric acid [20].
Bovine liver and serum (SRM 1577b and 1582; National
Institute of Standards and Technology, Gaithersburg, MD)
were used as reference materials to validate the selenium
measurements,

2.5. Detection of the selenium distribution

Instrumental configurations for separating and measuring
the selenium distributions in serum are described and
validated elsewhere [16]. Briefly, a high-performance liquid
chromatography system (Integral 4000; Perkin-Elmer Japan,
Yokohama, Japan) was equipped with 2 columns (AFpak
heparin and Asahipak GS520HQ; Showa Denko, Tokyo,
Japan) in tandem and coupled directly with an inductively
coupled plasma—mass spectrometry (Elan 5000, Perkin-
Elmer Japan).

2.6. Statistical analyses

In the present study, we conducted a nested case-control
study to allow a case-control study within a cohort study
[21]. The body mass index, total and HDL cholesterol, %
HDL-C, and systolic and diastolic blood pressure of the
cases and controls were compared using paired ¢ tests. The
number of current tobacco smokers and regular alcohol
consumers in the stroke cases was compared with that among
the controls using % tests.

Results of the total serum selenium and the selenium
contents in GPx, albumin, and selenoprotein P were
compared using paired ¢ tests. A simple correlation analysis
was performed to clarify the relationship among these
proteins, A univariate logistic regression analysis was also
performed separately to investigate their relationship with a
response variable of stroke occurrence.

Table 1
Characteristics of stroke cases (n = 30) and matched controls (n = 30) in the
Ohasama selenium-stroke study

Stroke cases  Controls

Men/women® 14/16 14/16 NS

Characteristics

No. of tobacco smokers (%) 9 (30.0%) 6 (20.0%) NS
No. of alcohol consumers (%) 6 (20.0%) 10 (33.3%) NS
Age (¥)*® 702+ 7.6 702+ 7.6 NS
Total cholesterol (mg/dL)*® 1943 £288 1954+295 NS
HDL-C (mg/dL)? 473113 50.4 £ 16.2 NS
%HDL-C* 247+63 26.0 £ 8.1 NS
Body mass index (kg/m®)*® 21.7+28 23.0x+3.1 NS
Systolic blood pressure (mm Hg)* 1353+ 151 1343163 NS

Diastolic blood pressure (mm Hg)®  74.3 +£ 10.2 724 £9.9 NS

Table 2

Total selenium concentrations and the distribution of selenium in serum
in stroke cases (n = 30) and controls (n = 30) in the Ohasama selenium-
stroke study

Selenium (ug/L) Stroke cases®  Controls® P value

Total selenium 105.2 £ 19.6 1165+ 166  .054
Selenium in GPx 179 £4.33 204 £ 5.31 094
Selenium in albumin 311 +£7.09 350+ 7.11 .069
Selenium in selenoprotein P 54.5 + 8.69 63.0 £ 9.18 .006

The cases and controls were compared with paired ¢ tests. P less than .05
was considered as statistically significant.
* Values are presented as means * standard deviations.

The selenium-containing proteins were used to form
further explanatory sets with age, total and HDL choles-
terol, systolic and diastolic blood pressure, and body
mass index for a multivariate logistic regression analysis
[22]. These statistical analyses were performed using
the MacNAP version 4.0 [23], a statistical package for
personal computers.

3. Results

Comparison of several characteristics of stroke cases and
controls can be seen in Table 1. Data were obtained from
health examinations conducted in 1992; the mean age and
total cholesterol levels in the stroke cases and the controls
were almost identical. The control subjects of the present
study were matched with the stroke cases for sex, age, and
total cholesterol., The mean HDL-C level and the mean %
HDL-C were slightly lower in the stroke cases than in the
controls, and the mean body mass index of the stroke cases
was slightly lower than that of the controls; but these
differences were not significant. There was also no
difference in the rates of current tobacco smokers and
regular alcohol users between the 2 groups.

The total serum selenium concentrations and the dis-
tribution of selenium content in GPx, albumin, and

Table 3

Correlation coefficients between serum selenium and selenium contents
in GPx, albumin, and selenoprotein P in stroke cases (upper right, n = 30)
and in controls (lower left, n = 30) in the Ohasama selenium-stroke study

Controls-cases Total Sein Se in Sein
Se GPx albumin selenoprotein P
Total Se - 07017 0.6447 0.787%
Se in GPx 0.8331 - 0.278 0.481 *
Se in albumin 0.777% 0.6347 - 0.09
Se in seleno- 0.818" 0.513* 0.335 -
protein P

The cases and controls were compared with paired ¢ tests and matched for
sex, age, and total cholesterol of stroke cases. P less than .05 was considered
as statistically significant. NS indicates not significant.

* Values are presented as means + standard deviations.

® Matching variables.

Pearson correlation coefficients were calculated among the total serum
selenium and the selenium contents in GPx, albumin, and selenoprotein P.
Se indicates selenium.

* P less than .05.

T P less than .01,
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selenoprotein P are shown in Table 2. The total serum
selenium was lower in the stroke cases than in the controls
(105.2 vs 116.5 pug/L, P = .054). Selenium content in GPx
and albumin also tended to be lower in the stroke cases than
in the controls (17.9 vs 20.4 ug/l. and 31.1 vs 35.0 ug/L,
respectively). The selenium content of selenoprotein P was
significantly lower (P = .006) in the stroke cases (54.5 ug/L)
than in the controls (63.0 ug/L).

Simple correlation coefficients among selenium contents
are shown in Table 3. The selenium content in GPx, albumin,
and selenoprotein P positively contributed to the total
selenium variations in the stroke cases and controls. Positive
relationships between GPx and selenoprotein P were
observed in both groups. However, selenium in albumin
was not associated with the selenium in selenoprotein P in
" the controls, or with either GPx or selenoprotein P in the
stroke cases.

Univariate logistic regression analyses of the total serum
selenium and selenium contents in GPx, albumin, and
selenoprotein P showed that the serum selenium level (P =
.031) and selenoprotein P level (P = .008) were significant
risk factors for subsequent stroke.

The results of the multivariate logistic regression analysis
with the explanatory set for subsequent stroke occurrence
are shown in Table 4. Among these variables, selenoprotein
P (odds ratic = 0.28; 95% confidence interval [CI], 0.10-
0.85) and HDL-C (odds ratio = 0.22; 95% CI, 0.05-0.85)
were significantly associated with subsequent stroke;
however, body mass index, which is commonly considered
a risk factor for stroke, was not. Regression analysis showed
that increased blood pressure was not a risk factor for sub-
sequent stroke. However, this may be due to the exclusion of
subjects with abnormal blood pressure in the present
selected case-control study.

In summary, these results show that the serum seleno-
protein P level contributes to the development of stroke.
They further suggest that levels of selenoprotein P should
also be measured in determining the selenium status.

Table 4

Standardized coefficients and odds ratios of selenium in the 3 selenium-
containing proteins in serum and other characteristics for stroke in the
Ohasama selenium-stroke study (n = 60)

Variable Standardized Qdds ratio 95% C1
coefficient

Se in GPx ~0.092 0.91 0.30-2.78
Se in albumin 0.192 1.21 0.44-3.37
Se in selenoprotein P —1.233* 0.28 0.10-0.85
Age 0.160 1.19 0.50-2.84
Total cholesterol 0.659 2.01 0.84-4.81
HDL-C —1.483* 0.22 0.05-0.85
Body mass index -0.647 0.52 0.19-1.39
Systolic blood pressure -0.087 0.88 0.27-2.85
Diastolic blood pressure 0.665 2.09 0.51-8.58

Standardized coefficients and odds ratios were analyzed with multivariate
logistic regression analysis.
* P less than .05.

4. Discussion

We carefully designed our study to avoid the effects of
other stroke risk factors such as hypertension, antihyperten-
sive therapy, high cholesterol, and arrhythmia [24,25]. In this
study, subjects were excluded if their blood pressure and
HDL-C levels were outside the reference range. Subjects
who were taking antihypertensive medication, had a history
of stroke, or had atrial fibrillation were also excluded.
Furthermore, we chose the control cases to match the sex,
age, and level of total cholesterol of the stroke cases. After
exclusions and adjustments, we found that depressed serum
selenoprotein P levels may be used as a new indicator of
stroke risk.

Results from multivariate logistic regression analysis
showed that the association of selenoprotein P with stroke
was statistically independent from the HDL-C level, which is
a well-established protective factor for vascular diseases
[26]. Bleys and coworkers [27] reported that serum selenium
was positively associated with HDL-C and suggested that the
effect of selenium is due to its having a positive effect on
HDL-C. However, this phenomenon was not confirmed by
subsequent studies {28,29].

Selenoproteins are defined as proteins containing sele-
nium as selenocysteine, which is coded by UGA [30]. The
result of the identification of UGA codons and the sub-
sequent selenocysteine insertion RNA structures shows that
the human selenoproteome consists of 25 selenoproteins
[31]. Among them, selenoprotein P is an abundant extra-
cellular protein that is rich in selenocysteine and functions
uniquely in selenium homeostasis and oxidant defense [32].
Selenoprotein P was first isolated in 1977, when a selenium-
containing protein that was different from GPx was iden-
tified in the plasma of rats [33]. The result was confirmed in
1982 [34], and the protein was then named selenoprotein P.

The mechanism of selenoprotein P protection in stroke
may be explained in part by its function as an antioxidant
[32]. Selenoprotein P is located on the walls of blood
capillaries and anchored to the endothelium by heparin
proteoglycans, which are located on the surface of capillary
cells and have the same repeating disaccharide chain as
heparin [35]. Subsequently, selenoprotein P has been shown
to be associated with capillary endothelial cells in the brain,
kidney, and liver; and it has been hypothesized that
selenoprotein P has an antioxidant function on the capillary
endothelium [32].

Furthermore, selenoprotein P is also the selenoprotein
responsible for the distribution of selenium to the brain [36].
In stroke events, a dramatic increase in reactive oxygen
species occurs. As part of a defense mechanism, selenium
is reported to provide protection against reactive oxygen
species through its selenium-dependent antioxidant en-
zymes, including GPx and thioredoxin reductase [37].
When the gene for selenoprotein P was disrupted, seleno-
protein P knockout mice showed a dramatic reduction of
selenium levels in the brain. The GPx and thioredoxin
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reductase activities in the brain of the selenoprotein P
knockout mice were significantly decreased [38]. Thus,
although further study is needed, it is tempting to speculate
that depression of selenoprotein P will disrupt selenium
transport to the brain, decrease the protection of selenium-
dependent antioxidant enzymes against reactive oxygen
species, and finally, increase the risk of stroke.

The present study suggested that lower total serum
selenium concentration may be associated with the devel-
opment of stroke; moreover, results from multivariate
logistic regression analysis showed that selenoprotein P
was a significant risk factor in the development of stroke
(odds ratio = 0.28; 95% CI, 0.10-0.85). These results support
the hypothesis that the selenium status should be monitored
not only by measuring the total selenium concentration in
serum or plasma, but also by quantifying selenoproteins.
However, the present study does have limitations, including
the small subject number and lack of consideration of
each subject’s selenium intake and dietary habits; therefore,
a more advanced cohort study with a larger number of
subjects is needed.

In conclusion, despite the controversy surrounding the
pathophysiologic role of selenium in the development of
stroke, the results of this study showed that depressed
serum levels of selenoprotein P were associated with a higher
risk of stroke.
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Association of (Pro)renin Receptor Gene
Polymorphism With Blood Pressure
in Japanese Men: The Ohasama Study
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BACKGROUND

Recent studies have revealed that (pro)renin receptor ((P)RR), a

newly identified member of the renin-angiotensin system (RAS), is
associated with blood pressure regulation in animals. However, there
Is no information on (P)RR in humans. We investigated the association
of (PJRR gene polymorphisms with blood pressure in a Japanese
population.

METHODS

Subjects {n = 1,112) were recruited from participants in the Ohasama
study, a Japanese cohort study. For the association study, we selected
three polymorphisms: ~782A>G (rs2968915), intervening sequence
(IVS)5+169C>T (rs5918007), and +1513A>G (rs6609080). Because
the (PJRR gene is on the X chromosome, men (n = 357) and women
(n=755) were analyzed separately.

RESULTS
Inmen, 24-h systolic blood pressure (SBP) and diastolic blood
pressure (DBP) values, daytime SBP and DBP values, and nighttime

The renin-angiotensin system (RAS) plays an essential role
in the regulation of blood pressure and electrolyte balance.!-3
The RAS is also involved in cell growth, fibrosis, and inflam-
mation in cardiovascular and renal tissues as locally produced
and locally acting factors.!-> Therefore, the RAS is consid-
ered to be involved in the pathogenesis of hypertension and
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SBP and DBP values were significantly higher in IVS5+169T allele
carriers than C allele carriers. Multiple regression analysis showed
that IVS5+169C>T was significantly and independently related to
ambulatory blood pressure (ABP). IVS5+169C>T was not associated
with casual blood pressure (CBP) in men. In women, there were no
significant differences in blood pressure values among the three
genotypes of IVS5+169C>T. This polymorphism had no significant
association with any other clinical characteristic. - 782A>G was
weakly associated with ABP in men, +1513A>G was not associated
with blood pressure values in either men or women.

CONCLUSIONS

We demonstrated for the first time that polymorphism of the (P)
RR gene IVS5+169C>T is associated with ABP in Japanese men.
This association suggests that (P)RR has a role in blood pressure
regulation.

Am JHypertens 2009; 22:294-299 © 2009 American Journal of Hypertension, Ltd.

cardiovascular disease. The association of genetic polymor-
phisms of components of the RAS with hypertension or car-
diovascular disease has been widely examined in the Ohasama
study*8 and by others.>10

Recently, (pro)renin receptor ((P)RR), a specific receptor
for renin and prorenin,!! was newly identified as a member of
the RAS by Nguyen et al.!2!3 (P)RR is a 350 amino acid pro-
tein with a single transmembrane domain.!® (P)RR has been
reported to lead to nonproteolytic activation of prorenin and
directly activate mitogen-activated protein kinases ERK1/2
independently from the RAS.!3! Several animal studies
showed that (P)RR contributed to blood pressure regulation or
development of end organ damage.'>-2 Burcklé et al. reported
that elevated blood pressure and heart rate were observed in
rats with overexpression of the human (P)RR gene.!® Thus, (P)
RR is also thought to be involved in hypertension and cardio-
vascular disease in humans.

The (P)RR gene is on chromosome Xp11.4 in humans.!? It
was reported that chromosome Xp11 was linked with diastolic
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blood pressure (DBP) in a genome wide association study.?!
However, there are no databases or reports showing an associa-
tion between the (P)RR gene polymorphism and hypertension
in humans. We investigated the association between (P)RR
gene polymorphisms and blood pressure levels in a Japanese
population.

METHODS

Design and study population. This study was performed as
part of the Ohasama study and based on data obtained from
subjects who participated in our blood pressure monitoring
and genetic analysis project in a rural community of Ohasama,
Iwate prefecture, Japan. The characteristics of this area and
details of the study design are described elsewhere222* The
study protocol, including the genetic analysis, was approved
by the Institutional Review Board of Tohoku University School
of Medicine and by the Department of Health of the Ohasama
Town Government,

The population of Ohasama in 1998 was 7,202. Of those,
1,826 subjects gave written informed consent for blood pres-
sure measurements and genetic analysis. All subjects were aged
240 years. Of the 1,826 subjects, 388 subjects were excluded
because ambulatory blood pressure (ABP) values were not
measured. Of the remaining 1,438 subjects, 326 subjects who
lacked full data on clinical characteristics, blood pressure
values, or information on genotypes were also excluded. As
a result, 1,112 subjects (357 men and 755 women; mean age,
58.9 £ 10.1 years) were included in the study.

Blood pressure and biochemical measurements. Details of ABP
monitoring have been described previously.?>?* In brief, ABP
was monitored every 30min using a fully automatic device
(ABPM 630; Nippon Colin, Komaki, Japan). Mean 24-h, day-
time, and nighttime values for ABP were calculated for each
participant. “Daytime” and “nighttime” were determined
according to each participant’s diary. We thus analyzed ABP
data obtained during >6h of daytime and >3h of nighttime.
The mean number of measurements was 44.4 = 4.8.

Casual blood pressure (CBP), measured by public health
nurses or technicians using an automatic device (HEM 907;
Omron Healthcare, Kyoto, Japan), was measured twice con-
secutively with subjects in the sitting position, with a mini-
mum 2-min rest between measurements. The mean of the two
measured values was used for analysis.

Devices used to measure ABP or CBP met the criteria of the
Association for the Advancement of Medical Instrumenta-
tion.24-26 Hypertension was defined as 24-h systolic blood pres-
sure (SBP) =135mmHg and/or 24-h DBP 280 mmHg and/or
use of antihypertensive medications.?’ Patients with secondary
hypertension could be included in this study.

Biochemical parameters such as serum electrolytes and
serum creatinine levels were measured with an autoanalyzer.

Genetic analysis. Genomic DNA samples were extracted from
peripheral leukocytes of participants. In the first step of the

study, we randomly selected 60 women from the 755 women,
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amplified the (P)RR gene by PCR and sequenced the PCR prod-
ucts. The promoter region and each exon, including an adjacent
intron of the (P)RR gene, were amplified by PCR with prim-
ers summarized in Supplementary Table S1 online. The PCR
products were purified using a PCR purification kit (BIONEX,
Seoul, Korea) and directly sequenced with an auto sequencer
(ABI PRISM 3100; Applied Biosystems, Foster, CA). We calcu-
lated D’ and #? values to estimate the linkage-disequilibrium in
pairwise combinations of each polymorphism.

In the second step, based on the results of the linkage-
disequilibrium analyses on the 60 women, three single-
nucleotide polymorphisms (SNPs) were genotyped in the total
population (n = 1,112} containing the 60 women studied in the
first step, as follows: —782A>G (rs2968915) in the promoter
region, intervening sequence (IVS)5+169C>T (rs5918007) in
intron5, and +1513A>G (rs6609080) in the 3’-untranslated
region. ~782A>G was genotyped by direct sequence method
described above. IVS5+169C>T and +1513A>G were geno-
typed by PCR-restriction fragment length polymorphism
method with Fokl and Bsml, respectively. The region of
genomic DNA including each SNP was amplified with prim-
ers summarized in Supplementary Table S1 online. The PCR
products were digested, analyzed by electrophoresis in 5%
polyacrylamide gel, and visualized under UV light.

Statistical analysis. Statistical analysis was performed with the
JMP 5.0.1 statistical software package (SAS Institute, Cary,
NC). Because the (P)RR gene is on the X chromosome, men
(n = 357) and women (n = 755) were analyzed separately.
The Student t-test, y>-test, analysis of variance, and analysis
of covariance were used where appropriate. The analysis of
covariance model included the following traditional risk fac-
tors and covariates for blood pressure levels: age, body mass
index (BMI), use of antihypertensive medications, prevalence
of diabetes mellitus, history of previous cardiovascular dis-
ease, current smoking, and current drinking. Multiple com-
parisons were performed with Tukey-Kramer’s test. Multiple
regression analysis was used to determine whether (P)RR gene
polymorphisms predicted blood pressure values after adjust-
ment for the traditional risk factors and covariates for blood
pressure levels. Continuous values were expressed as mean *
s.d. Differences of P < 0.05 were considered statistically signifi-
cant. Furthermore, we applied Bonferroni correction, because
we conducted tests on three SNPs in two sexes against eight
blood pressure traits (48 statistical tests). Differences of P <
0.001 (= 0.05/48) were considered statistically significant after
Bonferroni correction.

RESULTS

Polymorphismsin the (P)JRR gene

We identified 11 SNPs in the (P)RR gene in the 60 women
sequenced (Figure 1, Table 1). ~1024T>C and IVS5+1006G>A
are new variants that have not been reported in the SNP data-
base of the National Center for Biotechnology Information,
but that showed a low frequency (1.7% for each). Other SNPs
had already been registered, and were detected at a frequency
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Human (P)RA gene (Xp11.4)

IVS5+45C>G +1421A>T

IVS5+169C>T +1513A>G

~1507C>A | +1916AG

—1024T>C VS5+1006G>A 1964ToC

—782A>G +867T7>C
s I |
| ] | |
Exon 1 2 3
> e

Figure 1| Polymorphisms in the (PJRR gene in Japanese women (n = 60).
White boxes and black boxes indicate the noncoding regions and coding
regions, respectively. Two-headed arrows under the boxes indicate the
regions sequenced. (+1) indicates the initiation site of mRNA transcription.
VS, intervening sequence, Reference sequence: NT_079573.

Table 1| Polymorphism of (pro}renin receptor gene in Japanese
women (n=60)

No  Region Polymorphism  NCBISNPID  Frequency (%)
1 Promoter -1507C>A 152971599 86.7/13.3
2 -1024T>C New 98.3/1.7
3 -782A>G 152968915 86.7/13.3
4 Intron5 IVS5+45C>G rs3112299 88.3/11.7
5 IVS54169C>T rs5918007 88.3/11.7
6 1VS5+1006G>A New 98.3/1.7
7 Exon8 +867T>C rs5963811 73.3/26.7
8 Exon9 (3-UTR) +1421A>T 1s5963816 73.3/26.7
9 +1513A>G rs6609080 73.3/26.7
10 +1916A>G rs10536 73.3/26.7
1" +1964T>C rs1060063 73.3/26.7

Frequency is shown as major allele frequency/minor allele frequency. (+1) indicates the
mRNA transcription Initiation site.

1D, identification number; IVS, intervening sequence; NCBI, National Center for
Biotechnology Information; SNP. single-nucleotide polymorphism; UTR, untranslated
region.

of >10%. Although four coding mutations (F30L, P43A, P90A,
and A290P) have been registered in the National Center for
Biotechnology Information database, no SNP had an amino
acid substitution in these 60 Japanese women.

Linkage-disequilibrium analysis revealed that the (P)RR
gene had three complete linkage-disequilibrium regions
(D’ = 1.00; 2 = 1.00): ~1507C>A and -782A>G; IVS5+45C>G
and TVS5+169C>T; and +867T>C, +1421A>T, +1513A>G,
+1916A>G, and +1964T>C. In addition, ~1507C>A (and
~782A>G) and IVS5+45C>G (and IVS5+169C>T) were
in tight linkage-disequilibrium (D’ = 1.00; 2 = 0.86), and
IVS5+45C>G (and IVS5+169C>T) and +867T>C (+1421A>T,
+1513A>G, +1916A>G, and +1964T>C) were in weak linkage-
disequilibrium (D’ = 1.00; #* = 0.05). Based on the linkage-
disequilibrium analyses, we selected -782A>G, IVS5+169C>T,
or +1513A>G from each complete linkage-disequilibrium
region for the association study.

The genotype frequencies of each SNP in the total popu-
lation are shown in Supplementary Table $2 online. The
genotype frequencies of each SNP were consistent with the
Hardy-Weinberg equilibrium in women (as the (P)RR gene
is located on the X chromosome, genotype data were omitted
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Table 2] Clinical characteristics and blood pressure values of
the study population

Men (n=357) Women (n=755) Pvalue
Clinical characteristics

Age, years 61.1£9.6 57.8+10.2 <0.001
Body mass index, kg/m? 233+28 23.9+3.2 0.01
Antihypertensive 36.7 27.7 0.002
medications, %

Hypertension, % 51.0 356 <0.001
Cardiovascular disease, % 13.7 6.1 <0.001

Ambulatory blood pressure
24-h systolic, mmHg 12581123 1205+12.8 <0.001
24-h diastolic, nmHg 744+7.2 704+75 <0.001

Casual blood pressure

136.6+17.5 130.0+16.8 <0.001

Diastolic, mmHg 76.8+10.7 734196 <0.001

Systolic, mmHg

Continuous values are expressed as mean + s.d.

in men), and there were no significant differences in allele
frequencies between men and women.

Association study

All clinical characteristics, including age, BMI, use of anti-
hypertensive medications, prevalence of hypertension, his-
tory of previous cardiovascular disease, and blood pressure
values were significantly different between men and women
(Table 2).

IVS5+169C>T was significantly associated with ABP in men
(Table 3). The blood pressure values in IVS5+169T allele car-
riers were significantly higher than in C allele carriers (24-h
SBP: P < 0.001, 24-h DBP: P < 0.001, daytime SBP: P = 0.004,
daytime DBP: P = 0.006, nighttime SBP: P < 0.001, nighttime
DBP: P < 0.001). After the Bonferroni correction, the associa-
tions with 24-h SBP, 24-h DBP, nighttime SBP, and nighttime
DBP remained significant. Although adjustment applied for
age, BMI, use of antihypertensive medications, prevalence of
diabetes mellitus, history of previous cardiovascular disease,
current smoking, and current drinking, the associations with
nighttime SBP (P < 0.001) and nighttime DBP (P < 0.001)
remained significant, but the associations with 24-h SBP
(P =0.006), 24-h DBP (P = 0.003), daytime SBP (P = 0.02) and
daytime DBP (P = 0.02) were borderline significance. On the
other hand, no significant differences were observed in CBP
between the two alleles of IVS5+169C>T. A higher prevalence
of hypertensive subjects was observed in subjects with the
T allele (61.7%) than in those with the C allele (49.4%), but
the difference was not significant (P = 0.1). There were no sig-
nificant differences in clinical characteristics and biochemical
parameters such as age, BMI, use of antihypertensive medica-
tions, history of previous cardiovascular disease, Na, K, and
serum creatinine between the two alleles of IVS5+169C>T. In
women, there were no significant differences in blood pressure
and prevalence of hypertension (Supplementary Table $3B
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Table 3| Clinical characteristics and blood pressure values
according to the alleles of IVS5+169C>Tin men

Adjusted
C(n=310) T(n=47) Pvalue Pvalue
Clinical characteristics
Age, years 60.7+96 634+95 007
Body massindex, kg/m? 233+28 233%26 1
Antihypertensive 35.2 46.8 0.1
medications, %
Hypertension, % 494 61.7 0.1
Cardiovascular disease, % 13.9 128 0.8

Ambulatory blood pressure

24-h systolic, mmHg 1250+11.8 13141146 <0.001* 0.006
24-h diastolic, mmHg 73.9+69 77.7+£83 <0.001* 0.003
Daytime systolic, mmHg 130.5£12.6 1365+16.2 0004 0.02
Daytime diastolicc nmHg  780+75 814+92 0006 0.02

Nighttime systolic, mmHg 11441128 12151146 <0.001* <0.001*

Nighttime diastolic, 66.1+7.1 704x77 <0001* <0.001*

mmHg

Ambuiatory blood pressure

1364+17.0 138.0+204 05
769+106 758+115 05

Systolic, mmHg
Diastolic, mmHg

Continuous values are expressed as mean * s.d. Adjusted P values: adjusted for age,
body mass index, use of antihypertensive medications, prevalence of diabetes mellitus,
history of previous cardiovascular disease, current smoking, and current drinking.

VS, intervening sequence.

*Differences of P < 0.001 {= 0.05/48) were considered statistically significant after
Bonferroni correction.

online) among the three genotypes of IVS5+169C>T. Although
we categorized the genotypes in dominant model (CC+CT vs.
TT) or recessive model (CC vs. CT+TT), no significant dif-
ferences were observed in those parameters between the two
groups. ~782A>G was also associated with ABP in men, but
P values were higher than those of IVS5+169C>T (24-h SBP:
P = 0.02, 24-h DBP: P = 0.03, daytime SBP: P = 0.04, day-
time DBP: P = 0.08, nighttime SBP: P = 0.01, nighttime DBP:
P = 0.01; Supplementary Table S3A online). +1513A>G
was not associated with blood pressure in men or women
(Supplementary Table S3C online).

Multiple regression analysis of nighttime SBP in men
showed that IVS5+169C>T was significantly and independ-
ently related to ABP (B = 5.754, P < 0.001) after adjustment
for traditional covariates including age, BMI, use of antihyper-
tensive medications, prevalence of diabetes mellitus, history of
previous cardiovascular disease, current smoking, and current
drinking (Table 4). Moreover, the same relation was observed
after multiple regression analysis of nighttime DBP (B = 3.822,
P <0.001). Whereas IVS5+169C>T was borderline significance
in multiple regression analysis for ABP of 24-h SBP (8 =5.023,
P =10.006), 24-h DBP (B = 3.272, P = 0.003), daytime SBP (f§ =
4.510, P=0.02), and daytime DBP (f§ = 2.864, P = 0.02).

Finally, we reconstructed haplotypes from the three SNPs
(~782A>G, 1VS85+169C>T, and +1513A>G) to examine the
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Table 4| Multiple regression analysis of nighttime ambulatory
systolicblood pressure in men

Factors B Pvalue
Age (per year) 0.699 <0.001
Body mass index (per kg/m?) 0789 <0.001
Antihypertensive medications (never =0, present=1) 3.865 0.01
Diabetes mellitus (never =0, present=1) 0049 09
Cardiovascular disease (never =0, present = 1) 3392 01
Smoking status (never orex=0, current=1) 1.145 04
Alcoholintake (never or ex =0, current=1) -1567 03
IVS5+169C>T (Callele carriers = 0, T allele carriers=1) 5754  <0.001

VS, intervening sequence.

association of haplotypes with hypertensive parameters such
as blood pressure values and prevalence of hypertension. No
significant associations were observed in men or women.

DISCUSSION
This study has shown for the first time the potential impor-
tance of the (P)RR gene in blood pressure regulation in
humans. In men, the T allele of IVS5+169C>T in the (P)RR
gene was associated with a significantly higher ABP than the
C allele. The blood pressure difference of 6.4mmHg in 24-h
SBP is higher than values found in previous reports on the
association between blood pressure and polymorphisms of
hypertensive genes such as angiotensin-converting enzyme
gene I/D (3.4 mmHg difference in SBP)?® and angiotensino-
gen gene M235T (1.4mm Hg difference in SBP).?° The asso-
ciation between ~782A>G and ABP was also observed.
Because —~782A>G was in tight linkage-disequilibrium with
IVS5+169C>T, the association of IVS5+169C>T with ABP
affects that of —782A>G. Thus, the IVS5+169C>T locus seems
to be the major relevant determinant of blood pressure value.
Moreover, IVS5+169C>T was more closely and strongly
related to nighttime blood pressure values than 24-h and day-
time blood pressure values. It is not clear why the IVS5+169C>T
was more closely related to nighttime blood pressure than day-
time blood pressure. The (P)RR is abundantly present in brain.
Shan et al. have shown that (P)RR blockade by handle region
peptide significantly inhibited the renin-induced decrease in
neuronal activity.*® Therefore, it is possible that the (P)RR in
the brain may have a certain role in the relation more closely to
nighttime blood pressure than daytime blood pressure, Several
studies have shown that nighttime blood pressure is superior to
daytime blood pressure in predicting target organ damage and
prognosis.3!~33 Therefore, IVS5+169T allele carriers who have
elevated nighttime blood pressure may have an increased risk
for cardiovascular events or progression to end organ damage.
In contrast to ABP, IVS5+169C>T was not associated with
CBP. CBP usually does not reflect basal blood pressure, but
is susceptible to physical or psychological stress and environ-
mental factors. Therefore, ABP may reflect basal blood pres-

3.,

sure better than CBP, and is an indicator of a patients “true”
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blood pressure.>* These findings suggest that IVS5+169C>T
may affect basal blood pressure regulation and be related to
hypertensive organ damage.

In contrast to men, no significant association was observed
in women between IVS5+169C>T and blood pressure. Several
possible mechanisms may explain this gender-specific asso-
ciation. First, the random expression of chromosome X,
which is called the “Lyon hypothesis,”>> may be related to this
gender-specific effect. Second, sex hormones such as testoster-
one and estrogen affect (P)RR.36 In addition, gender-specific
effects of polymorphisms of RAS components were reported
previously.3”38 Therefore, the effect of (P)RR on blood pressure
may also be influenced by sex hormones. Third, large differ-
ences in clinical characteristics between the men and women
in this study may have affected the gender-specific association.

The biological mechanism by which the IVS5+169C>T pol-
ymorphism is associated with blood pressure is unclear. An
effect on alternative splicing of the primary mRNA transcript
to generate a different protein may be involved. It was reported
that a silent mutation in exon4 of the human (P)RR gene
(c321C>T, p.D107D) enhanced the expression of (P)RR that
lacked exon4, and this mutant receptor could bind to renin and
increase renin catalytic activity, similar to the wild-type recep-
tor but resulting in a modest and reproducible impairment of
ERK1/2 activation.?® In our laboratory, splice variants lacking
exon4 or both exon4 and exon5 were also observed (data not
shown). As IVS5+169C>T and IVS5+45C>G were close to the
exon5 and intron5 boundary, these SNPs might affect splicing
activity to induce alternative splicing in the region near exon4
and exon5. However, there are no data as of yet to support the
hypothesis that the variant in question affects the process lead-
ing to such alternative forms of the (P)RR.

This study has some limitations. Schefe et al. demonstrated
the downregulation of (P)RR by renin and prorenin.*®#! Susic
et al. recently showed that dietary sodium may reduce the
contribution of (P)RR to hypertensive cardiac hypertrophy,
although handle region peptide has a benefit in either SHR
fed a normal salt diet or SHR fed a high-salt diet.#? However,
we could not evaluate the influence of these biological param-
eters on the association of (P)RR polymorphism with blood
pressure in this study, because they were not measured in
most participants in this study. There are no functional stud-
ies to substantiate why IVS5+169C>T might raise blood pres-
sure, nor data on why the association should be sex-specific.
Furthermore, the results might be affected by complex and
relative interactions in the balance between genes and envi-
ronment. Therefore, another replication study with a more
sophisticated study design, including a larger sample size, dif-
ferent ethnic groups, longitudinal surveillance, and functional
analysis, should help clarify the role of (PJRR gene polymor-
phisms in blood pressure regulation.

To our knowledge, this is the first report to show the associa-
tion of (P)RR with blood pressure in humans. Only the associa-
tion between IVS+169C>T and nighttime SBP and DBP in men
remained significant after Bonferroni correction. Whether the
associations will prove to stand up to further genetic studies
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remains to be seen. These will be required in different settings
before we reach a final conclusion. Nevertheless, we believe
that the study is a good start and may encourage research by
others.

Supplementary materialis linked to the online version of the paper at http://
www.nature.com/ajh
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OBJECTIVE: The number of supplement users is increasing in Japan. The objective of this study was to clarify demographic and
lifestyle characteristics of supplement users in a Japanese general population.

METHODS: By using a self-administered questionnaire, we collected data on demographic and lifestyle characteristics including
information on the use of supplements among 4,227 residents aged 35 vears or more {mean age (SD), 59 (14) vears, 54 % women)}
in a general population of Ohasama town, Japan. The subjects were classified into 3 groups according to the status of
supplement use: no supplement users, daily supplement users and occasional supplement users.

RESULTS: Of the 4,227 participants, 1,107 subjects (26 %) were supplement users {daily users: 278 (7 %), occasional users: 829 (19
%)). The proportion of women was significantly higher among supplement users. In women, supplement users were
characterized by significantly older, lower levels of daily activity and self-rated health, higher level of education, and higher
proportions of those who prefer to eat outside and had a habit of drinking. Supplement users in women also had a higher
proportion of those who had a tendency of extroversion (ie, sociabllity and cheerfulness) among younger women and those of
neuroticism (iLe., anxiety and emotional instability) among older women. In men, supplement users had significantly higher
proportions of those with a previous history, a habit of regularly taking breakfast, and a tendency of neuroticism.

CONCLUSION: Approximately one-forth of residents used supplements in a rural area population in Japan. Supplement use was
assoclated with several factors broadly characterized by health consciousness and conversely non-health consciousness. It is
suggested that supplements might be used for healthcare by the health conscious individuals and for alternative to neglect their

healthcare by the non-health conscious individuals. Our data underscore the importance of clarifying the backeround
characteristics of supplement users to better conduct medication teaching in community settings.

Keywords: supplement, lifestyle, general population
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Relationship Between Blood Pressure Category and
Incidence of Stroke and Myocardial Infarction in an Urban
Japanese Population With and Without Chronic
Kidney Disease
The Suita Study
Yoshihiro Kokubo, MD, PhD; Satoko Nakamura, MD, PhD; Tomonori Okamura, MD, PhD;
Yasunao Yoshimasa, MD, PhD; Hisashi Makino, MD, PhD; Makoto Watanabe, MD, PhD;

Aya Higashiyama, MD; Kei Kamide, MD, PhD; Katsuyuki Kawanishi, MD, PhD;
Akira Okayama, MD, PhD; Yuhei Kawano, MD, PhD

Background and Purpose—Chronic kidney disease (CKD) is increasingly recognized as an independent risk factor for
stroke and myocardial infarction (MI). Few studies, however, have examined the relationship between blood pressure
(BP) category and these diseases in subjects with and without CKD.

Methods—We studied 5494 Japanese individuals (ages 30 to 79, without stroke or MI at baseline) who completed a
baseline survey and received follow-up through December 2005. The glomerular filtration rate (GFR) was estimated
using the Modification of Diet in Renal Disease study equation modified by the Japanese coefficient. CKD was defined
as an estimated GFR <60 ml/min/1.73m> BP categories were defined by the European Society of Hypertension and

European Society of Cardiology 2007 criteria.

Results—In 64 395 person-years of follow-up, we documented 346 incidences of cardiovascular diseases (CVD; 213
strokes and 133 MI events). Compared with the GFR (=90 mL/min/1 .73m?) group, the hazard ratios (95% confidential
intervals) for stroke were 1.9 (1.3 to 3.0) in the GFR 50 to 59 mL/min/1.73m” group and 2.2 (1.2 to 4.1) in the GFR
<50 mL/min/1.73m? group. Results for cerebral infarction were similar. Compared with the optimal BP subjects
without CKD, the normal BP, high-normal BP, and hypertensive subjects without CKD showed increased risks of CVD
and stroke; however the impact of each BP category on CVD (P for interaction: 0.04 in men, 0.49 in women) and stroke
(0.03 in men, 0.90 in women) was more evident in men with CKD.

Conclusions—CKD may increase the association of BP and CVD in a Japanese urban population. (Stroke. 2009;40:2674-2679.)

Key Words: chronic kidney disease m blood pressure category ® stroke m myocardial infarction m epidemiology
B prospective studies m general population

Recently, chronic kidney disease (CKD) has become a
major public health problem and a risk factor for
all-causes mortality, stroke, and myocardial infarction (MI).!
In end-stage renal disease, the cardiovascular disease (CVD)
mortality rate is more than 10 times as high as that in the
general population.? In asymptomatic general populations or
outpatients, a severely or moderately decreased glomerular
filtration rate (GFR) has been shown by most but not all
studies to be an independent risk factor for stroke and ML!
However, in low-risk or general populations, the relationship
between levels of kidney function and clinical outcomes has

not been as clear. Some studies have demonstrated no
association between CKD and CVD,3>4 whereas others have
shown CKD as an independent risk factor for CVD.>-# These
inconsistencies may be attributable to differences between the
selected study populations as well as the severity of the CKD.

The frequency of hypertension is relatively higher in Japanese
than in Western countries.? Hypertension is one of the major risk
factors for both CVD and CKD. Recently, a larger prospective

. study has indicated that CKD increased the association between

blood pressure (BP) categories and CVD, although the relevant
data were gathered from 10 rural areas with different methods
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for the measurement of creatinine.!® A few studies in general
population have demonstrated a stronger association between
BP and CVD in subjects with CKD.5® We examined the
association between BP category and incidence of stroke and MI
subjects with and without CKD in a Japanese urban population.

Methods
Study Subjects

Suita city is located adjacent to Osaka city, which is the second
largest metropolitan area in Japan. The Suita Study,''-'? an epidemio-
logical study of cerebrovascular and cardiovascular diseases, was based
on a random sampling of 12200 Japanese urban residents. As a
baseline, participants (aged 30 to 79 years) were randomly selected from
the municipality population registry and stratified into groups by sex and
age in 10-year increments in 1989. Of these, 6485 people underwent
regular health checkups between September 1989 and March 1994,

Cohort members in the study population were excluded from these
analyses if they had a past or present history of CVD at baseline
(n=208), were missing data (n=170), attended health checkups after
April 1994 (n=79), or failed to complete the follow-up health
surveys or questionnaires after the baseline examination (n=534).
After applying these exclusions, a total of 5494 participants aged 30
to 79 years old were selected. Informed consent was obtained from
all participants. This study was approved by the Institutional Review
Board of the National Cardiovascular Center.

Measurement of Blood Pressure and Covariates
Well-trained physicians measured BP 3 times using a mercury
column sphygmomanometer, an appropriate-size cuff, and a standard
protocol. Before the initial BP reading was obtained, participants
were seated at rest for at least 5 minutes. First, systolic blood
pressure (SBP) was measured for the purpose of obtaining approx-
imate SBP levels. SBP and diastolic blood pressures (DBP) were
taken as the average of the second and third measurements, which
were recorded more than 1 minute apart.

At the time of the baseline examination, subjects were classified
into 1 of the 5 BP categories based on the European Society of
Hypertension and European Society of Cardiology (ESH-ESC) 2007
criteriat*: optimal (SBP <120 mm Hg and DBP <80 mm Hg), normal
(SBP 120 to 129 mmHg or DBP 80 to 84 mm Hg), high-normal
BP (SBP 130 to 139 mm Hg or DBP 85 to 89 mm Hg), and hypertensive
(SBP =140 mm Hg or DBP =90 mm Hg). Antihypertensive drug users
were classified according to their BP levels at the baseline survey. If the
SBP and DBP readings for a subject were in different categories, the
subjects were categorized into the higher of the two BP categories.

At the baseline examination, we performed routine blood tests that
included serum total cholesterol, HDL cholesterol, and glucose
levels. Physicians or nurses administered questionnaires covering
personal habits and present illness. Body mass index (BMI) was
calculated as weight (kilograms) divided by height (meters) squared.
Hypercholesterolemia was defined as total cholesterol levels
=5.7 mmol/L or current use of antihyperlipidemic medications.
Diabetes was defined as a fasting plasma glucose level
=7.0 mmol/L, a nonfasting plasma glucose level =11.0 mmol/L, or
current use of antidiabetic medications.

Definition of CKD

Serum creatinine (Cre) was measured by noncompensated kinetic Jaffé
methods, The glomerular filtration rate (GFR) of each participant was
calculated from the Cre value and the age, using the MDRD equation
modified by the Japanese coefficient (0.881), as follows!s:

GFR (ml/min/1.73 m?)=0.881x 186 Xage™***x Cre™"'** (for men)
and GFR (ml/min/1,73 m?)=0.881 X186 age“m’

XCre™""4x0.742 (for women).

CKD was defined as an estimated GFR <60 mL/min/1.73m?

CKD and the Relationships Between BP and Strokes 2675

Confirmation of Stroke and MI and End
Point Determination
The confirmation of stroke and MI in the Suita Study has been
described elsewhere.!i-13 In brief, the 5 hospitals in this area, where
acute stroke and MI patients were admitted, were all capable of
performing computed tomographic scans or MRI. Medical records
were reviewed by registered hospital physicians or research physi-
cians who were blinded to the baseline data. Strokes were defined
according to the U.S. National Survey of Stroke criteria.'é For each
stroke subtype (ie, cerebral infarction [thrombotic or embolic infarc-
tion], intracerebral hemorrhage, and subarachnoid hemorrhage), a
definite diagnosis was established based on examination of com-
puted tomographic scans, magnetic resonance images, or autopsies.
Definite and probable MIs were defined according to the criteria set
out by the MONICA project.!? Sudden deaths of unknown origin
were deaths that occurred within 24 hours from the onset of
symptoms, and were also classified as MI. In this study CVD was
defined as stroke or ML

To detect MI and stroke occurrences, each participant’s health
status was checked at clinical visits to the National Cardiovascular
Center every 2 years. Yearly questionnaires by mail or telephone
were also completed for all participants. In addition, to complete our
surveillance for fatal strokes and MIs, we conducted a systematic
search for death certificates. All the data (health check-ups, ques-
tionnaires, and death certificates) were checked against medical
records to confirm the incidence of CVD. We identified possible
strokes or MIs using data from (1) the health examination and
questionnaires from the stroke and MI registries without informed
consent for medical records survey; and (2) death certificates bearing
a diagnosis of probable stroke or MI without registration of CVD
incidence.

The end points of the current follow-up study were (1) date of the
first MI or stroke event (2); date of death (3); date of leaving Suita;
and (4) December 31, 2005 (censored).

Statistical Analysis
Analyses of variances and x* tests were used to compare mean
values and frequencies. The Cox proportional-hazard ratios (HRs)
were fitted to the GFR categories and CKD after adjusting for sex
and age in S-year increments as stratified variables and other
potential confounding factors at the baseline survey: namely, present
illness of hypertension, hypercholesterolemia and diabetes, smoking
status (never, quit, and current smoker), and drinking status (never,
quit, and current drinker). The Cox proportional HRs were fitted to
the combination of the BP categories and CKD (positive or negative)
after adjusting for sex and age in S-year increments as stratified
variables and other potential confounding factors including an
interactive term for CKD and BP categories. The fit of the propor-
tional hazards model was evaluated by examining discrete regression
models and by permitting the proportionality assumption to vary
with time, and assessments of nonlinearity involving associations
with blood pressure and GFR categories were made. The probability
values for the model of interaction between CVD incidence and log
(person year) were 0.38 in men and 0.81 in women. Proportionality
was also checked by log-log survival plot.

To express the impact of CKD on CVD occurrence in the
participants, we estimated the population attributable fraction (PAF,
%). PAF was estimated as follows:

PeX(HR-1)/HR,

in which Pe is the proportion of incident cases in CKD, and HR is the
multiple-adjusted hazard ratio.'8 All statistical analyses were con-
ducted using the SAS statistical package software (release version
8.2, SAS Institute Inc).

Results
Figure 1 shows that the frequency of CKD increases with age
in both men and women. At the baseline survey, both men
and women with CKD (8.9% for men and 11.3% for women)

Downloaded from stroke.ahajournals.org at National Cardiovascular Center on July 27, 2009

— 218 —



