936 Hyperswis Rex Vol 31, No. 5 (20081

Table 5. Comparison of Hypertension Prevalence by Genotypes of Three Polymorphisms of XDH in a Japanese General Popu-

lation by Sex

Women Men
SNP Genotype group
Odds ratio (95% CI) p* Odds ratio (95% C1) "
ATHR6C =T i | |
[CCCTTT=815/819/244] CT+TT 0.90 (0.68-1.20) 0.469 110 (0,831 46) 0.521
CC+CT | |
b 1K (0.6T7-1.62) 0861 1.52(1.1-229) 0.047
6TRT3A-C AA I |
[AAACICC=1.720/154/5] AC+CC 0.97 (0.58-1.61) 0,906 LES(1.11-3.06) oms
AA = AL | |
cC 0.62(0.05-7.33) 0,704 398 (0.20-80.72) 0.368
69901 A=C AN | |
|AAJACICC=1,372/463/42) ACHCC 1.30(0.95-1.78) 0.099 L (0.80-1.53) 0.530
AA+AC I I
cc (.96 (0.40-2.35) 0.936 14(1.06-927) 0.039

*Conditional logistic analysis, adjusted for age. body mass mdex, present iliness (hyperlipidemia and diabetes melliws), and lifestyle
tsmoking and drinking) for hypertension. XDH. xanthine dehydrogenase gene: SNP, single nucleotide polymorphism; C1, confidence

interval; [ ], sample numbers of three kinds of genotypes,

on ba-PWV were available for patient 2,

Associations of 11 Variations with Hypertension
in the General Population

Three missense mutations (G172R, A932T, and N1 109T ) and
eight common SNPs (1 1488C>G, 37387A>G, 44408A>G,
46774G=>A,  47686C=T, 49245A=T, 66292C>G, and
69901 A>C) were used for the association studies in the case-
control setting for men and woman separately. Adjusted for
age, BMI, present iliness (hyperlipidemia and diabetes melli-
tus), and lifestyle (smoking and drinking), a logistic regres-
sion analysis of the case-control study showed that three of
the eight SNPs were significantly associated with hyperten-
sion in men: TT s, CC+CT for 47686C>T (exon 22, OR:
1.52, p=0.045) and CC vs. AC+AA for 69901 A>C (intron
31, OR: 3.14, p=10.039) in the recessive model, and AC+CC
vs. AA for 67873A>C (NI109T) (exon 31, OR: 1.84.
p=0,018) in the dominant model (Table 5),

SBP was 2.44 mmHg higher in women with the AC+CC
genotype of the posiuvely associated SNP 69901A=>C in
ADH than in women with the AA genotype (p=0.037),
Although there was no significant difference in SBP or DBP
between the AC+CC and AA genotypes of 69901A=C in
men, DBP was 4.18 mmHg higher in men with the CC geno-
type of 69901A>C than in men with the AA+AC genotype
(p=0088), DBP was 2.75 mmHg higher in men with the
AC+CC genotype of the positively associated SNP
67873A>C than in men with the AA genotype (p=0.021)
{Table 6).

Regarding the three missense mutations, there were 6 sub-
jects with a homozygote allele in X0/ GI172R and 5 subjects
with one in NT109T, but no subjects with one i A932T, The

subjects with a homozygote allele in GI72 and N1109T dud
not have any specific clinical characteristics (data not shown).

Association of 11 Variations with Carotid Athero-
sclerosis in Hypertensive Subjects

Three missense mutations (G172R, A932T, and N1109T) and
eight common SNPs (11488C>G, 37387A>G, 44408A>G,
46774G>A,  4T6R6C>T, 49245A=>T, 662920>G, and
69901A>C") were tested for associations with carotid athero-
sclerosis in patients with essential hypertension. Afier the full
adjustment for all confounding factors (age, BMI, SBP. DBP,
current smoking status, alcohol consumption, and presence of
diabetes mellitus and dyslipidemia), only one polymorphism
(69901A>C) was found to be independently associated with
carond atherosclerosis in the dominant model (¥°=4.82,
p=0.028). Other factors—age (¥*=67.70. p=<0.001), SBP
(x = 1511, p=<0.001), and DBP (x°=4.28, p=0.039)—were
related to carotid atherosclerosis. We compared IMT and ba-
PWV values among the allcles in XDH 69901A>C. There
were no significant differences between alleles in cither IMT
or ba-PWV. However, ba-PWV values tended to differ signif-
wcantly (AA: 1,794, AC: 1,825, CC: 2,024 cvis, p=0.075) in
ADH 6901 A=C. These findings may indicate that hyperten-
sive patients with the CC of XD/ 69901 A=C are more sus-
ceptible to atherosclerosis than those with the A allele.

Associations of 11 Variations with Chronic Kid-
ney Disease in Hypertensive Subjects

We divided the essential hypertensive patients into two
groups using a cutoff estimate of Cer 60 mL/min. The CKD
group (Cer <60 mL/min) showed sigmficantly higher age
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Table 6. Multivariate-Adjusted Blood Pressure Levels on Genotypes of Three SNPs of XDH by Sex

S Genotype Waomen Men
' group SBP. mmHe  p*  DBP,mmHg  p* SBP,mmHg  p*  DBP,mmHg p*
ORCT  CC 127602079 o7 79692045 (T (3132089 T 795KR0S1
CT=TT 127934069 76.40£0.39 131.76£0.78 79.83£0.45
CC+CT  127.8440.56 76.69+0.31 131,6820.63 79,60%0.36
el T
T 127408150 U782 75342085 P mee1s7 %77 soassos0  OR%2
6TRTIASC AA 127.87£054 76.48+0.3( 131.5020.61 79.480.35
53 7 17 02
AC+CC 12670183 O 913108 90 ag30s109 1R gaogeg e 002
AAFAC 127828052 o 76555030 o I3L77:059 o 79ME038
cC 112.54+948 ) 71.76+£5.38 12235£1209 5 74142700 A
69901 ASC AA 127.10£061 76.33£0.35 131.23+0.68 793740.39
T 20 3 g
AC+CC 120542099 P97 proir0s6 020 pmamrngs 0% go72¢066 OV
AASAC 127874053 7658£030 131.72£0.59 79.64£0.34
cc 124045330 929 msre187 U7 33431423 U689 gagnyng4p 008

Data are mean=SD. *Conditional logistic analysis, adjusted for age, body mass index, present illness (hyperlipidemia and diabetes mel-
Iitus), and lifestyle (smoking and drinking) for hypertension. SNI. single nucleotide polymorphism: XOH, xanthine dehydrogenase

gene; SBP, systolic bloed pressurc; DBP, diastolic blood pressure.

Table 7. Comparison of Chronic Kidney Disease Prevalence by Genotypes of 66292 C>G in XDH in Hypertensives by Sex

Men Women
Genotype group [CC/CGIGG=11/123/363) |CC/CG/GG=11/83/315]
Odds ratio (95% C1) f Odds matio (95% C1) P
CG+G0G 1 0.5545 | 01093
cC 151 (0.369-5.924) JAB(0.725-16.412)
GG 1 0.0006 | 0.5617
CC+C0 2.36(1.348-3.850) 118 (0.663-2.084)

*Muluple logistic regression analysis, adjusted for age, body mass index, diabetes mellitus, systolic blood pressure, and diastalic blood

pressure. XODH, xanthine dehydrogenase gene; |

(p=0.001), lower BMI (p<0.001), and lower DBP (p<0.001)
than the non-CKD group.

As shown in Table 7, after adjustment for age, BMI, SBP,
DBP, and the number of patients that suffer from diaberes
mellitus, logistic regression analysis showed that one SNP
(66292C=G) of the |1 variations was strongly associated
with chronic kidney disease i the recessive model in men
(OR=2.36, p=0.0006). This significant association was still
positive after a Bonferroni correction (p=0.0006 <0.05/11).
However, there was no significant difference in Cer value
between GG and CC+CG in XDH 66292C>G in male
hypertensive  patiems (GG: R4.73439.014 vs. CC+CG:
80.32+73.26 mL/min, p=0,384),

Discussion

The present study is the first to examine the relationships
between genetic variations in XD/ and hypertension or its
complications in human. Afier the screening for possible
genetic variations in the promoter and all exon regions of
XDH in 48 patiemis with hypertension, 11 vanations, includ-
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|, sample numbers of three kinds of genotypes; CIL confidence interval.

ing 3 missense mutations and 8 common SNPs, were geno-
typed and used 1o assess the roles of these genetic changes in
hypertension in a large population of hypertensive subjects
and in a general population. The 4 hypertensive patients with
a rare missense mutation (G172R or N1109T) in homoeygous
form had hypertension. More importantly, 67873A=C
(N1109T) also showed a positive association with hyperten-
sion m men in @ multivaniable logistic analysis. In addition,
DBP was 2.75 mmHg hgher in men with the AC+CC geno-
type of 67873A>C than in men with the AA genolype
(p=0.021). This indicates that 67873A>C may be a func-
tional risk factor for hypertension in males. Another two
SNPs, 476860 >T in the exon region and 69901 A>C in the
intron region, were also found to be significantly related to
hypeniension in men. Furthermore, SBP was 244 mmHg
higher in women with the AC+CC genotype ol 69901A=>C
than those with the AA genotype (p=0.037), Since a signifi-
cant association was obtained in the multivariable analysis
with adjustment for confounding risk factors, including age,
HBMI, present illness (hyperhipidemia and diabetes mellitus),
and lifestyle (current smoking and drinking) by sex. these
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three SNPs appear 1o be independent risk factors for hyper-
tension. The C allele of 69901A>C was associated with
greater susceptibility in male subjects, In females, there was a
significant association between 69901A>C and blood pres-
sure. Although there was no significant ditference in SBP or
DBP between the AC+CC and AA genotvpes of 69901 A>C
in men, DBP was 4,18 mml g higher in men with the CC gen-
otype of 69901 A=C than in men with the AA+AC genotype
(p=0.088). Taking these findings together, we speculate that,
among males, those with 67873A=C (N1109T) were most
susceptible to hypertension,

This 1s also the first report to show a positive relationship
between SNPs of XD and CKD in hypertensive patients. It
1s well reported that age, sex, blood pressure, BMI, and diabe-
tes mellitus are all factors in renal dysfunction (38—47). Our
results also showed thar age, DBP, and BMI differed sigmfi-
cantly between hypertensive patients with Cer <60 mL/min
and those with Cer 260 mL/min. But no significant difference
in SBP or the number of diabetes mellitus patients was found
with or without CKD in these hypertensive subjects. After
adjustment for age. sex, BMI, SBP, DBP, and the number of
patients having diabetes mellitus. the logistic regression anal-
vsis showed that only one SNP (66292C>G) was strongly
associated with CKD in hypertensive patients. This indicates
that 66292C =G may be an independent risk factor for CKD in
hypertensive patients.

SNP 69901A=C was found to be significantly associated
with carotid atherosclerosis in hypertensive patients in our
study. Although we did not find a significant difference
between genotypes in any of the various atherosclerotic vari-
ables, hypertensive patients with the A allele of 69901 A=(
tend to be more susceptible to atherosclerosis than those with
the C allele.

How the SNPs of XDH influence the pathogenesis of
hypertension and 1s complications, including atherosclerosis
and CKD, remains unclear. Among the four SNPs that
showed a positive association with hypertension or with ath-
crosclerosis and CKD in hypertensive patients. 67873A>C
and 47686C=T are in exon regions, and 69901 A>C and
662920>G are in intron regions, 67873A>C causes a mis-
sense mutation in exon 31, leading to an amino acid substitu-
tion from Asn to Thr at position 1109, But 47686C>T docs
not result in a change in amino acids. In addition, the three
missense  mutations,  26390G=A  (GI1T2R), 64606G=>A
(A932T). and 67873A=C (N1109T), occurred in highly con-
served residues among different species, all resulting in a
hydrophilic amino acid substitution, which may influence
reactive centers of enzymes. The XDH protein consists of
three funcuional subunit domains, each of which binds a dif-
ferent cofactor, from amino acids 1 10 163 for binding 2Fe:Ss,
from 226 to 531 for binding flavin adenine dinucleotide. and
trom 590 to 1332 for binding molybdoptern (Mo-Co) (5). The
missense mutation G172R is not in the predicted functional
domain, but A932T and N1109T are in the domain for bind-
ing malybdoptern. A932T and N1109T are not in the domain

for binding Navin adenine dinucleonide, which is thought 1o
play a major role in the conversion of XDH to XO and which
mereases ROS production in some pathological conditions.
including hypertension and atherosclerosis (5). However, il is
important to note a recent report that XOR has both inorganic
mitrate reductase and nitrite reductase acuvity at its Mo-Co
site (42, 43). This implies that an amine acid mutation at the
Mo-Co site may imfluence nitric oxide production and modu-
late ROS production. Those four hypertensive patients with
A932T and N1109T in the homozygous form all had high
blood pressure, N1109T showed significant associations with
hypertension and blood pressure, and the Mo-Co-binding site
15 the most conserved region of X0/ among human, rat, and
mouse (44). This strongly indicates that the mutations A9327T
and N1109T may be functional nsk factors for hyperiension.
Further in vive and in vitro studies are needed to clarify this
point,

Both 69901A=C and 66292C=G SNPs are in intron
regions, while 47686C=T 15 a synonymous variation and, as
such, is probably not functional. These SNPs are considered
preferable as genetic markers. Human XD is located on
chromosome 2 at p23.1. Recently. Angius er al. reported
strong evidence that 4 0.53-cM region of chromosome 2 (2p
26.5-27.1) harbors a locus-afTecting nisk of hypertension in
an 1solated Sardinian population (45). In addition, a number
of regions of chromosome 2 (57-59, 86, 103, and 96115 cM)
have been found likely 1o harbor blood-pressure-modifying
loci (45-48). More importantly, our group recently reported
some hypertension-susceptibility genes at 2p24-p25 and a
positive relationship between hyperiension and SNPs of the
Nu'/Ca™ exchanger | gene, which is located at 2p22-p23, in
a general Japanese population (49, 51). Expanded genotyping
and a detailed cross-study of candidate genes are necessary.

In summary, 1 human XDH, we found three SNPs,
47686C=T, 6TRT3A=>C, and 69901A>C, that are signifi-
cantly associated  with  hypertension.  Another  SNP,
66292C>G, was significantly associated with CKD, and
69901 A>C also showed a positive relation to carotid athero-
sclerosis in hypertensive patients. These SNPs may be inde-
pendent risk factors for hypertension or CKD and carotid
atherosclerosis in hypertensive patients. There was a limita-
tion in this study owing to its cross-sectional design. Prospec-
tive studies investigating the relationships between these
SNPs and the development of hypertension, CKD, and ath-
crosclerosis over a long term are necessary. These gene poly-
morphisms in XDH may be useful for predicting and
preventing hypertension and its complications in future indi-
vidualized treatment.
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Plasma Adiponectin Is Associated with
Plasma Brain Natriuretic Peptide and
Cardiac Function in Healthy Subjects

Takahiro OHARA'", Jiyoong KIM'", Masanort ASAKURA", Hiroshi ASANUMA".
Satoshi NAKATANI", Kazuhiko HASHIMURA", Hideaki KANZAKI",
Tohru FUNAHASHIY, Hitonobu TOMOIKE", and Masafumi KITAKAZE"

The aim of this study was to luate the relationship & the pl dip tin level, pl brain
natriuretic peptide (BNP) level, and cardiac function in healthy subjects. We obtained clinical data and per-
formed blood tests, including of the pi dip in and BNP levels, in 1,538 healthy per-
sons from Arita-<cho, a rural area of Japan. Six hundred and eight subjects also underwent
echocardiography. Then was a significant positive corr : their pl. BNP and adiponectin
levels in P g lysis ( lized regr coefficient [§]=0.34). Muitiuﬂ.ata regression

I T led that the p dip tin level was independently iated with the p BNP level
(3-0 12), as well as with the age (8=0.22), male gender (§=-0.26), waist circumference (£=-0.16), and the
plasma levels of high-density lipoprotein cholesterol ( #=0.13), triglycerides (§=-0.16), aspartate ami-
notransferase (£=0.08), r-glut It peptid (8=-0,10), uric acid ( §=-0.07), and creatinine ( §=0.08).
We also found a link between plasma adiponectin and the left atrial diameter index (£=0.08) or left ventri-
cular diameter index (£=0.11), even after adjustment for age, sex, and body mass index. The plasma adi-

o
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Introduction

Adiponectin is one of the circulating adipocytokines, and it
plays a role in regulating insulin sensitivity, lipid metabolism,
and systemic inflammation (/). The plasma adiponectin level
15 decreased in persons with obesity, type 2 diabetes mellitus,
dyshipidemia,  hypertension, metabolic  syndrome  and
ischemic heart disease (/-5), We and others have previously

reported that the sevenity of cardiac hypertrophy and subse-
quent heart failure is worsened in adiponectin knock-out mice
subjected to pressure overload, suggesting that adiponeciin
may have a cardiovascular protective effect in patients with
congestive heart [ailure (CHF) (6-8), Recent studies have
indicated that the plasma adiponectin level is increased in
patients with CHF, but the mechanism through which adi-
ponectin production from adipose tissue is stimulated by CHF
has not been elucidated (9. 1), The plasma brain natriuretic
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peptide (BNP) level has been reported 10 show a positive cor-
relation with the plasma adiponectin level in patients with
CHF or coronary heart disease (9-/2). BNP secretion by the
vemtricular myocardium reflects the elevation of intracardiac
pressure, and the circulating BNP level is related to the prog-
nosis of CHF (/3. 74). Even among apparently healthy sub-
Jects, relatively lower BNP levels predict a lower incidence of
cardiovascular cvents, so BNP may reflect subtle hemody-
namic changes in “healthy™ persons (/3). However. the rela-
tionship between plasma levels of BNP and adiponectin in
healthy suhjects has not yet been examined, and there has
been no investigation of the relationship between the plasma
adiponcctin level and cardiac function,

To clucidate the factors predicting the plasma adiponectin
level and to investigate the relationship between adiponectin

and cardiac function, we performed a cross-sectional study of

1.538 healthy subjects without CHF from Arita-cho, a rural
area in Japan. We investigated the predictors of adiponectin,
including BNP, and also assessed the relationship between
the plasma adiponectin level and echocardiographic parame-
ters ol cardiac funchion.

Methods

The study was conducted 1n accordance with the Declaration
ol Helsinki. and was approved by the ethics commitiee of the
National Cardiovascular Center and that of Arita-cho. Written
informed consent was obtained from each subject before par-
treipation in this study in accordance with approved instity-
tional protocols.

Study Population

We studied 1,538 persons from Arita-cho who had no clinical
evidence of overt CHF. Laboratory tests, including plasma
adiponectin and BNP levels, were performed in all subjects
and 608 of them also underwent echocardiography.

Assays

The plasma concentration of adiponectin was measured using
a specilic immunoradiometric assay (2), The plasma concen-
tration of BNP was measured with a specific immunoradio-
metric assay for human BNP using a commercial kit
(Shionona: Shionogt Co., Lid.. Osaka, Japan) ( /4), The insu-
lin resistance index was determined by the homeostasis model
assessment of insulin resistance (HOMA-R) method (/6).

Echocardiography

The left atnal diameter. the lefl ventnicular end-diastolic and
end-systolic dimensions, the lefl ventricular fractional short-
ening, and the left vemtricular septal and posterior wall thick-
ness were obtamed by M-mode echocardiography. The lefi
ventricular mean wall thickness was caleulated by averaging

Table 1. Baseline Characteristics of 1,538 Subjects

Demographic data

Agc® (years) 62115
Female/male ("o) 6337
Body mass index® (kg'm’) 2243
Wast circumference™ (em) 839
Concomitant discases, %o (n)

Ischemic hean discase 34(53)

Chronic atrial fibrillation 0.2(3)

Hypertension 27 (40%)

Diabetes mellitus 5.7(88)

Hyperlipidemia 10 ¢ 160)
Hormonal status

Adiponeetin’ (pg/mL) 10,6 (7.6-15.2

BNP' (pg/mL) 18.0 (9.4-34.00

Glucose metabalism

Fasting blood glucose' (mgdL) 83 (78-90)
Fasting insulin’ (MU/mL) 4(3-6)
HOMA-R' 0.9 (0.6-1.3)
Hemoglobin Ale® (%) 53108
Lipids
Total cholesterol® (mg/dL) 194431
HDL cholesterol® (mg/dl) 55112
Triglycendes' img/dL) 88 (63-122)
LDL cholesterol® img/dL) 119429
Other parameters
Hemoglobin® (gdL) 134115
AST' (IU/L) 22(19-26)
ALT (IU/Ly 18 (14-23)
-GTP (UL 22(16-37)
Uric acid® (mg/dL) 4914
Creatinme™ (mg/dL) 0.9£0.2
Blood pressure
SBP* (mmHg) 12820
DBP* (mmHg) 7711
MBP* (mmHg) 94113

BNP, brain natnuretic peptide; HOMA-R, homeostasis model
assessment of insulin resistance; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; AST, aspartate aminotransferase,
ALT, alanine aminotransferase: PGTP, fglutamyl transpepti-
dase: SBP, systolic blood pressure: DBP. diastolic blood pres-
sure; MBP, mean blood pressure. *Values are shown as the
meantSD. "Values are shown as the median (interguartile
range), ‘o= 800.

the lefi ventricular septal and posterior wall thickness. All
echocardiograms were read by physicians from the National
Cardiovascular Center who were blinded 1o any climical infor-
mation about the subjects. Indexed values were calculated by
dividing the results by the body surface area, which was cal-
culated according o Mosteller (/7). The left ventricular mass
was calculated using parameters measured by M-mode
echocardiography (/8). Mitral inflow was assessed in the api-
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Fig. 1. Scater plot of the association between log-trans-
formed plasma adiponectin and plasma BNP levels in appar-
ently healthy subjects from Arita-cho. Lines indicate the
regression line (thick line) and 95% confidence interval fthin
lines). BNP, brain nateiveetic peptide; B standardized
regression coefficient.

cal four-chamber view using pulsed-wave Doppler echocar-
diography, with the Doppler beam aligned parallel to the
direction of the flow and the sample volume set at the leaflet
tips. From the mitral inflow profile, the peak veloeity of early
diastolic transmitral flow. the peak velocity of late diastolic
transmitral flow. and the carly diastolic transmitral Mow
deceleration time were measured (/9),

Statistical Analysis

Numerical data are reported as the mean+5D or the median
and interquartile range, as appropriate. Data on the levels of
adiponeetin, BNP. fasting nsulin, iriglycerides. aspanate
aminotransferase (AST). alanine aminotransferase (ALT),
and y-glutamy! transpeptidase (y-GTP) were logarithmically
transformed lor linear regression analysis. Multivariate anal-
ysis was done to examine the correlations of log-transformed
adiponectin levels with the vanables that were associated
with adiponectin (p<0.10) according to simple regression
analysis. The final model always included the following
potentially confounding variables irrespective of the results
of univanate analysis: age. sex. body mass index (BMI),
ischemie heart disease, and airial fibrillation. Fasting insulin
levels and HOMA-R were not included in the final model
because of missing data for a significant number of subjects,

(earc ot wl. Adiponectin and BNP in Healthy Subjects 827

Echocardiographic parameters were assessed for their rela-
tionship with adiponectin (log-transformed) by univariate
analysis or analysis adjusted for age, gender, and BMI. Inter-
action effects of gender, age (65 years or older), ischemic
heart disease, hypertension, diabetes mellitus, and hyperlipi-
demia on the relation between plasma adiponectin and BNP
levels were examined with analysis of covanance. A proba-
bility (p) value <0.05 was accepted as indicating statistical
significance unless otherwise mentioned. A sofiware package
(SPSS 10.0.5): SPSS, Chicago. UUSA) was used for statistical
analysis.

Results

The profile of the subjects is shown in Table 1. There was a
significant positive correlation between their plasma BNP
and adiponectin levels (Fig. 1). This relationship was not
influenced by covariates such as gender. age (65 years or
older). ischemic heart disease, hyperiension, diabetes melli-
tus, or hyperlipidemia

Predictors of the Adiponectin Level

Table 2 shows the factors from among clinical, laboratory,
and hemodynamic parameters that showed correlations with
the plasma adiponectin levels. Univanate analysis revealed
that male sex and diabetes mellitus were associated with
lower adiponectin levels. The BMI, waist circumference, fast-
ing blood glucose, fasting insulin, HOMA-R, triglycerides,
hemoglobin, ALT, y-GTP, uric acid. creatinine. and blood
pressure were all negatively correlated with the plasma adi-
ponectin level, whereas age, plasma BNP, and plasma high-
density lipoprotein { HDL j~cholesterol were positively corre-
lated with adiponectin, Among these factors, it was found that
male sex, waist circumference (but not BMI), and the plasma
levels of triglycendes, AST, y-GTP. and uric acid were nega-
tively correlated with adiponectin by multivariate analysis,
while there were positive correlations for age and the plasma
levels of BNP, HDL-cholesterol, and creatinine. In the
present cross-sectional study, sex was most strongly associ-
ated with the plasma adiponectin level, followed by age,
according to the standardized regression coefficients (8). The
plasma BNP level showed as strong an association with the
plasma adiponectin level as did waist circumference, HDL-
cholesterol. and tnglycerides.

Echocardiographic Parameters

Since the plasma adiponectin level is elevated in patients with
heart failure, we examined whether adiponectin was related to
cardiac function. The baseline echocardiographic parameters
are displayed in Table 3.

According to umvariate analysis (Table 4), several echocar-
diographic parameters were related 1o the plasma adiponectin
level, including the left atrial diameter index, left ventricular
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Table 2. Factors Correlated with Plasma Adiponcctin by Regression Analysis

Umivarate

Multivanate

Standardized cocfficient p value Standardized cocfficient p valuc
v of the test (.40 < (L0001
Age 0.26 =0.0001 0.22 <0.0001
Male sex —0.38 =0.0001 -0.26 <0.0001
Body mass index -0.27 <0.0001 -0.05 0.2247
Waist circumference -0.29 <0.0001 -0.16 0.0001
Ischemic heart discase 0.01 0,6838
Hypertension =<0.0] 0.9972
Diabotes ~0.06 0.0230 <0.01 09911
Hyperlipidemia <0.01 0.8449
Log BNP .34 =000 012 < (L0001
Fasting blood glucose —-0.08 0.0440 -0.04 00716
Log fasting insulin® -0.22 <0.0001
HOMA-R* -0,15 <0.0001
Hemoglobin Ale =0.04 0.3020
Total cholesterol 0.02 0.5580
HDL-¢cholesterol 0.26 <0.0001 013 =0.0001
Log tnglycendes -0.29 <0.0001 =-0.16 =<0.0001
L. DL-¢holesterol 0.0% 0.2140
Hemoglobin ~0,42 <0.0001 ~0.05 0.0811
Log AST =0.07 0.0810 0.08 0.0206
Log ALT -0.29 =0.0001 -0.03 0.3611
Log wGTP -0.25 =0,0001 -0.10 (.0004
Liric acid -0.29 <<0,0001 -0.07 00114
Creatimine -0.16 <0.0001 0.08 0.0050
SHp ~0.01 (. 7480
pap -0.08 0.0470
MBP —0.08 0.0029 0.04 0.1077

BNP, bruin natriurctic peptide: HOMA-R, homeostasis model assc t of msulin resistance; HDL, high-density lipoprotein: LDL,

low-density lipoprotein; AST, aspartate aminotransferase: ALT, alanine amimotransicrase: -GTP, yelutamy| transpeptidase: SBP, sys-
tolic blood pressure: DBP, diastolic blood pressurc; MBP, mean blood pressure. *Log fasting insulin and HOMA-R were not included in
the muluvariate model, because insulin was not measured 1n a considerable number of subjects.

Table 3. Echocardiographic Data Obtained in 608 Subjects

Left atrial diameter (mm) 37(3341)
Left atral diameter index (mm/m-) 24 (22-27)
Left ventricular end-diastolic diameter

(mm) 46 (43-51
Left ventricular end-diastolic diameter

index (mm/m°) 30(28-33)
Fractional shortening (%a) 40(35-45)
Mean wall thickness (mm) (81

140 11 14=166)

90 (76-106)

63 (53-74)

77 (644N
0.82 (0.69-0.99)
217 (192-258)

Left ventncular mass ()

Left ventricular mass index (g/m’)
E wave velocity (cm/s)

A wave velocity (em's)

E/A ratio

Deceleration nme (ms)

Values are shown as the median (imterquartile range). E, carly
diastolic ransmitral flow, A, late diastolic transmitral flow.

end-diastolic duameter index, the fractional shortening, the
mean wall thickness, the left ventricular mass index, the late
diastolic transmitral flow velocity, and the early/late diastohc
transmitral flow velocity rato. After adjustment for age, sex
and BMI, however, only the lefi atnal diameter index and the
left venineular end-diastolic diameter index were positively
correlated with the circulating adiponectin level.

Discussion

The present study demonstrated that the plasma adiponectin
level was positively correlated with the plasma BNP level in
healthy subjects along with known predictors such as the age.
BMI, waist circumference, HDL-cholesterol, triglycendes,
liver function parameters. unic acid, and renal function param-
eters, The plasma BNP level had the same influence on adi-
ponectin as that of the waist circumference, HDL-cholesterol,
and triglycendes. We also demonstrated that the plasma adi-
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Table 4. Factors Correlated with the Plasma Level of Adiponectin in Regression Analysis

Umivariate Adjusted for age, sex, and BMI

Standardized cocfhicient p value Standardized cocfficient p value
Left atrial diameter -0.09 00326 0,05 0.2528
Left atnal dismeter index 0.24 <0.0001 0.08 00312
Lefi ventricular end-diastolic diamcter -0.16 0.0001 .06 0.1035
Lefi ventricular end-diastolic diameter index 0,30 =0,0001 o 0.0045
Fractional shorening 0.09 0.0354 ~0.03 04557
Mecan wall thickness -0.09 (1.0266 -0.02 0.6345
Left ventricular mass -0.17 <0.0001 0.03 0.4725
Lelt ventricular mass index 0,02 L6362 0.0s 0.2028
E wave velocity -0.01 0.8528 =001 LYERG
A wave velocity 015 0.0003 -0.01 08500
E'A ratio =013 0.0013 0,02 0.6726
Deceleration ume 0.06 10,1439 0.01 0.7182

BMI, body mass index; E, carly diastolic transmitral flow; A, late diastolic transmitral flow

ponectin level reflects cardiac function 1o some extent, even
in apparently healthy subjects.

Link between Plasma Adiponectin and BNP

The plasma adiponectin level is reported to be increased and
o show a positive correlation with plasma BNP in CHF
patients (¥, /i), 1t has been suggesied that cardiac cachexia
due to the progression of heart failure leads to an increase of
plasma adiponectin levels (7). However, this study revealed
that “healthy™ subjects without cardiac cachexia also demon-
strated a positive correlation between plasma adiponectin and
BNP levels, suggesting that cardiac cachexia itself 1s unlikely
1o be the reason for the positive relationship between plasma
adiponectin and BNP levels,

In obese patients, BNP levels are lower, due 1o increased
expression of the natriuretic clearance receptor in adipose tis-
sue or some other unknown factor (20). Because adiponectin
levels are also lower in obese patients, one may argue that the
relationship between the plasma adiponectin and BNP is con-
founded by obesity (2), Renal dysfunction 15 known to
increase the levels of both adiponectin and BNP (21, 22).
However, the influence of obesity and renal dysfunction can-
not explain the adiponectin-BNP relationship that was
revealed by the present observational study, which found a
tight relationship between plasma adiponectin and BNP inde-
pendently of these potentially confounding factors,

The final possibility is that BNP directly increases adi-
ponectin production, Indeed, we have preliminary data show-
ing that BNP directly increases adiponectink mRNA
expression in cultured 3T3-L1 adipoeytes (data not shown).
Wang er al. reported that low BNP was associated with meta-
bolic nsk factors in ambulatory individuals (23), and that
these risk factors could be mediated by adiponectin, which
was consistent with a tight linkage between adiponectin and
BNP levels, Higher levels of adiponectin could constitute a

risk for CHF, and at the same time could be a negative risk for
metabolic syndrome through their interaction with BNP;
lower levels of BNP could constitute a negatve risk for CHF
and at the same a nisk for metabolic syndrome through their
interaction with adiponectin,

Adiponectin and Cardiac Function

Wang ef al. reported that the extent of the increase in plasma
BNP levels could predict cardiovascular mortality in subjects
without CHF, indicating that subtle stress on the heart can be
detected by monitoring BNP and this stress leads to cardio-
vascular events (/15),

We demonstrated that some conventional echocardio-
graphic parameters (left atrial and left ventricular diameter
indexes) showed a relationship with adiponecun similar to the
relation of BNP to adiponectin. Previous studies of the rela-
tionship between adiponectin and BNP have also found no
obvious cardiac dysfunction in their subjects, but they did not
examine echocardiographic parameters (//, 12).

Cardiac dimensions are not direct indexes of cardiac func-
tion. However, it is also the case that left ventricular dimen-
sions are tightly related to cardiac function, As cardiac
function is depressed. end-diastolic or systolic ventricular
dimension increases, and vise versa. Even subjects with high-
normal blood pressure suffer from some degree of lelt ventn-
cular remodeling (24). The left atrial dimension, a predictor
of atrial fibrillation, reflects blood pressure levels and meta-
bolic abnormalities in ambulatory settings (25). Plasma adi-
ponectin may increase to counteract these latent cardiac
remodeling effects.

How does hemodynamics or structural change regulate adi-
ponectin production? One possibility s that BNP dircetly
causes an increase of adiponectin production. as mentioned
above. Alternatively, there is a possibility that adiponcetin s
produced in the heart when 1t 1s placed under stress. It has

_163_.



®30 Hipertens Bes Vol 31, No. 5 (2008)

been reported that adiponectin is synthesized and secreted by
isolated murine and human cardiomyocyies (26). However,
the production of adiponectin by adipose tissuc is greater than
that by cardiac tissue (in part because the amount of adipose
lissue is greater), suggesting that most of the circulating adi-
ponectin is denved from adipose tissuc.

Cardioprotective Role of BNP and Adiponectin

BNP is known 1o have a protective effect against cardiovascu-
lar injury via the eyclic GMP-G kinase pathway, and an
increase of BNP is believed to improve the severity of hean
fatlure (14, 27, 28). BNP may exert a cardioprotective effect
on subclinical heart disease (/5).

We and another group have recently reported that cardiac
hypertrophy and subsequent heart failure are accelerated by
aortic banding in adiponectin knock-out mice (6, 8). Cardiac
hypertrophy is believed to be a major risk factor for cardio-
vascular death, suggesting that adiponectin release s
increased by stresses acting on the heart even in healthy sub-
jects for prevention of cardic injury like BNP (29). Adi-
ponectin may decrease the onset or the progression of CHF.
Pioglitazone has been reported 1o increase adiponectin pro-
duction via stimulation of peroxisome proliferator—activated
receptor ¥ and it also reduces cardiac hypertrophy in mice
with aortic banding (30). Thus, adiponcenin may be a target
for prevention of overt CHF,

Clinical Implications

The positive correlation between plasma adiponectin and
BNP levels in apparently healthy individuals in our study sug-
gests that adiponectin can predict a worsening of prognosis or
morbidity of heart failure even in healthy subjects. In addi-
tion, we need to consider whether latent heart failure and BNP
levels should be taken into account when we examine sub-
Jeets with higher adiponectin levels in clinical settings. Fur-
ther prospective investigations arc therefore warranted 1o
determine whether high adiponectin levels are related 10
worse prognosis or future morbidity of heart fuilure even in
healthy subjects.

Limitations

The present large-scale cross-sectional study showed a close
relationship between adiponectin and BNP. However, the
nature of a cross-sectional study means that we could not
assess the prognostic impact of adiponectin in our healthy
subjects. In CHF patients, high adiponectin levels are related
10 4 worse prognosis, so longitudinal studies are needed o
clucidate the impact of adiponectin on the prognosis in appar-
ently healthy persons (9, 110)

We used self-administered questionnaires 1o investigate the
rates of risk factors and the current stale of treatment. The
percentages of subjects taking medication were 81%. 61%.

and 68% lor the patients with hyperiension, diabetes mellitus,
and hyperlipidemia, respectively. There were no significant
differences in adiponectin and BNP values between those tak-
g and those not taking medications. Thus medications do
not seem (o have influenced the results significantly.

Conclusions

The plasma adiponectin level increased along with an
increase of the plasma BNP level in apparently healthy sub-
Jects, suggesting that plasma adiponectin reflects some
aspects of cardiac function.
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Effects of the Y Chromosome on
Cardiovascular Risk Factors in Japanese Men

Yumiko HIURAY, Yasue FUKUSHIMA", Yoshihiro KOKUBO?, Tomonori OKAMURA?,
Yoichi GOTO?, Hiroshi NONOGI?, Rie TAKAHASHI", and Naoharu TWAI"Y*

Excess cardiovascular risk in men ed with has been suggested lo be partly explained by
effects of the Y chromosome. However, inconsistent results have been reported on the Y chromosome’s
genetic influence on blood pressure and lipid levels. The purpose of the present study was to settle the

ti thether genetic variants of the Y chromosome influence cardiovascular risk factors using a large
epidemiologlcal cohort, the Suita study. Possible intl of the Y chr polymorphi (Y chro-
mosome Alu insertion polymorphism [YAP], M175 and SRY+465) on cardiovascular risk factors were
assessed in 974 Japanese men. The frequency of the YAP(+) allele in our study sample was 0.31. The prev-
alence of hypertension tended to be higher in YAP(+) than in YAP(~) men, and this tendency was found to
be stronger among men aged 65 years or older. Men with the YAP(+) genotype had higher levels of high
density lipoprotein (HDL) cholesterol compared with those with the YAP(-) genotype, even after adjustment
for age, bod\r mass index, and daily ethanol and cigarette consumption (57.0£14.6 mg{ﬁl.. vs, 54. 2:14 2 mg/

dL, inal p=0.011, adjusted p=0.0062). However, these cbserved inal disapp d after
adjusting for multiple testing (Bonferroni). No iation was i b the YAP genotype and
myocardial infarction. Similarly, none of the associations with M175 and SRY+465 attained significance
when multiple testing was taken into account. In conclusion, Y chr polymaorphi (YAP, M175

and SRY+465) do not appear 1o be associated with cardiovascular risk factors in Japanese men. Studies
using much larger sample sizes and/or additional independent samples will be required for definitive con-
clusions. (Hypertens Res 2008; 31: 1687-1694)
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5) and/or dyslipidemia (6). Although the level of significance

Introduction

Higher mortality rates from cardiovascular disease in men
than in women are consistent findings among studies of dif-
ferent populations including the Japanese (/-3), and male
gender has been recognized as an important risk factor. The

greater risk associated with male gender may be panly dueto .

sex-related differences in the prevalence of hypertension (4,

was not given, in a study of 8,168 Japanese subjects undergo-
ing general health screening, the mean levels of systolic blood
pressure (SBP), diastolic blood pressure (DBP), low density
lipoprotein (LDL), cholesterol, and triglycende (TG) were all
higher in men (n=5,244) than in women (1=2,924) (7). In
that study, mean high density lipoprotein (HDL) cholesterol
levels were lower in men than in women. Sex-related differ-
ences in HDL cholesterol levels were also evident among eld-
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erly Japanese patients with coronary artery disease (CAD),
with men having significantly lower levels of HDL choles-
teral compared with women (6).

It has been hypothesized that sex-related differences in car-
diovascular risk can be accounted for by the effect of Y chro-
mosome. Analyses of the Y chromosome consomic strains
derived from spontaneously hypertensive rats (SHR) and
Wistar-Kyoto rats (WKY) revealed the possible effect of the
Y chromosome on determination of blood pressure (BP), with
an SHR Y chromosome in a WKY genetic background exert-
ing the BP-elevating effect (§-/0). Similarly, replacement of
the SHR Y chromosome with that of Brown Norway rats has
been associated with significant reduction in both SBP and
DBP (/1).

In line with this view, studies on genetic variations in the
non-recombining region of the Y chromosome have been
undertaken in relation to BP. Hindlll restriction fragment
length polymorphism (/2) is one of the most widely studied
variants of the Y chromosome. Australian men negative for
the HindlIl restriction site have been shown to have signifi-
cantly higher DBP than HindIlI positive men (/3), whereas a
study based on Polish and Scottish men reported an associa-
tion between the presence of the HindIll restriction site and
elevated levels of SBP and DBP (/4). The presence of the
HindIll restriction site was more prevalent among hyperten-
sive than normotensive subjects (15). Men with HindIII(-)
genotype had significantly higher levels of LDL and total
cholesterol (TC) than those with HindIII(+) genotype (/6). In
contrast, no association was found between HindIII(+/-)
polymorphism and BP, presence of hypertension, or lipid lev-
els in three populations of white European origins (/7). In a
more recent study of young men, absence of HindIIl restric-
tion site was associated with higher SBP and DBP (18).

While previous association studies conducted predomi-
nantly in Caucasians have produced conflicting results
regarding the effect of HindIll genotype on BF and lipid lev-
els, data on Y chromosome polymorphisms in a Japanese
population are scarce. One such study carried out in the
Aomor population demonstrated the association of Y chro-
mosome Alu insertion polymorphism (YAP) at DYS287 with
higher HDL cholesterol levels, but not with hyperension
(19). In the Japanese, an Alu insertion polymorphism on
the Y chromosome has been reported to be a paternal marker
to distinguish two major lineages, the Jomon (Y AP-positive)
and Yayoi (Y AP-negative) (20). It remains to be determined
whether polymorphisms within the male-specific region of
the Y chromosome confer excess cardiovascular risk in men.
Therefore, the aim of the present study was to examine
whether Y chromosome polymorphic markers (YAP, M175
and SRY+465) in Japanese men were associated with myo-
cardial infarction (MI), atherosclerosis, and cardiovascular
risk factors including body mass index (BMI), BP, lipids, and
glucose.

Methods

Study Population

The selection criteria and design of the Suita study have been
described previously (2/-27). Male subjects under 85 years
of age who were recruited consecutively into the Suita study
(n=974) were included in the present analysis. The M case
group consisted of 322 randomly selected inpatients and out-
patients with documented MI who were enrolled in the Divi-
sion of Cardiology at the National Cardiovascular Center.
Both controls and Ml cases were of the same ethnicity (Japa-
nese) and recruited from the Natonal Cardiovascular Center.
Only those who gave written informed consent were included
in the study. The study protocol was approved by the Ethics
Committee of the National Cardiovascular Center and the
Committee on Genetic Analysis and Gene Therapy of the
National Cardiovascular Center.

Subjects with SBP= 140 mmHg, DBP=%0 mmHg, and/or
those currently using antihypertensive medication were clas-
sified as having hypertension (HTN). Subjects who smoked at
the ume of study entry were categonzed as smokers. The def-
inition of type 2 diabeles were based on fasting blood glucose
levels 2126 mg/dL, HbA1c26.5%, and/or current treatment
for diabetes. The intima-media thickness (IMT) was mea-
sured on longitudinal scan of the common carotid artery at a
point 10 mm proximal from the beginning of the dilaticn of
the bulb (27). BMI was calculated as body weight (kg)
divided by height squared (m?). Waist-to-hip (W/H) ratio was
calculated as the waist (cm) divided by the hip (cm).

Genotyping

The YAP genotype was determined by electrophoretic pat-
terns of the amplified products using a previously reported
primer pair (20): a 455-bp (Y AP-positive) or a 150-bp frag-
ment (YAP-negative). Iniually, the YAP polymorphism was
genotyped both in the Suita study (n=974) and MI case group
(n=322). An additional 200 subjects were then genotyped for
confirmation of the significance of the YAP polymorphism.
Genotyping for SRY+465 (28) and M175 (29) was performed
on 7900HT (Applied Biosystems, Foster City, USA) by the
TagMan method according to the manufacturer’s instruc-
tions. Genotyping for SRY+4635 and M175 was carried out
only in the Suita study (n=974).

Statistical Analysis

Values are expressed as mean+ SD. Simple correlation analy-
ses were performed to determine the association between Y
chromosome polymorphisms (YAP, SRY+465 and M175)
and risk factors. Residuals of height, SBP, DBP, IMT, HDL
cholesterol, fasting blood glucose, and glycated HbA lc levels
were calculated with adjustment for covariates. One way
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Table 3. Association between YAP Polymorphism and Cardiovascular Risk Factors

YAP(-) (n=647) YAP(+) (n=291) Nomunal p Corrected p
Age (year) 65.8+10.4 66.31£10.6 ns. ns.
BMI (kg/m?) 234429 23.413.1 ns. ns.
W/H ratio 0.93£0.05 0.93+0.05 n.s. n.s.
HTN (%) 40.7 412 D.066 ns.
Anthypertensive drugs (%) 289 31.4 ns. ns.
Height (em) 165.616.0 164.7¢5.9 0.026 ns.
Res, Height* 0.28+5.26 -0.53+5.50 0.032 ns.
TC (mg/dL)* 198.3x32.3 201.8431.1 ns. ns.
TG (mg/dL)* 123.0187.2 111.7+£63.9 0.067 n.s.
HDL cholesterol {(mg/dL)* 5424142 57.0114.6 D.011 ns.
Res, HDL cholesterol*® -0.83%13.1 189129 0.0062 n.s.
SBP (mmHg)** 12231165 123.9+18.2 ns ns.
Res, SBP**# -0.5£159 1.1£17.3 ns. ns.
DBP (mmHg)** 77.1£10.0 71.0£10.3 n.s. n.s.
Res, DBP**4 0.019.5 -0.1£10.1 n.s. n.s.
Glucose (mg/dL)*** 100.4221.7 101.9£21.3 n.s. ns.
HbAlc (%)*** 5.51+£0.75 5.53+0.77 ns. ns.
HTN (%) 289 259 ns. ns.
HTN (%) 48.6 59.7 0.014 n.s.

Data are presented as meantSD. *Subjects without medication for dyslipidemia were included: 580 men for YAP(~) and 248 men for
YAP(+). **Subjects without the use of antthypertensive drugs were included: 460 YAP(-) and 200 YAP(+) men. ***Subjects who were
not receiving treatment for diabetes were mcluded: 601 YAP(-) and 270 YAP(+) men. "Subjects younger than 65 years of age were
included: 260 YAP(-) and 108 YAP(+) men *Subjects older than 65 years of age were included: 387 YAP(-) and 183 YAP{+) men.
Covariates used 1o calculate residual values were *age, "age, BMI, ethano] consumption (g/d) and number of cigarettes per day, “age and
BMI, “age-squared and BML. n.s,, not significant; Res, residual; BMI, body mass index, W/H ratio, waist-to-hip ratio; HTN, prevalence
of hypertension as defined by SBP2140 mmHg, DBP=90 mmHg and/or the current use of antihypertensive medication; TC, total cho-
lesterol; TG, wriglyceride; HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure.

older subjects who were not on treatment for hypertension:
128.7+18.6 mmHg and 124.5+16.8 mmHg for YAP(+) and
YAP(-) men, respectively (nominal p=0.12). In order to
evaluate nominal associations observed in Table 3, an addi-
tonal 200 male subjects were included in the study popu-
lation. However, the increase in sample size rather weakened
the above mentioned associations: nominal p=0.045 for
height, p=0.038 for age-adjusted height, nominal p=0.02 for
HDL cholesterol, and p=0.02 for HDL cholesterol adjusted
for BMI and ethanol and cigarette consumption. In the analy-
sis of a larger sample of men (n=1,138), the prevalence of
hypertension between the YAP(—) and Y AP(+) groups was no
longer statistically different (40.6% vs. 45.5%, nominal
p=0.12).

As summarized in Table 4, male subjects with
SRY+465(T) tended to have higher levels of glucose
(102.9%£28.1 mg/dL ws. 100.1:£183 mg/dL, nominal
p=0.078, age and BMI adjusted p=0.050) and HbAlc
(5.59+0.91% wvs. 5.49+0.68%, nominal p=0.063, age and
BMI adjusted p=0.052) compared with subjects with
SRY+465(C). TG levels tended to be lower in M175(+) pos-
itive men than in M175(=) men; 113.1£69.0 mg/dL vs.
125.2189.7 mg/dL, nominal p=0.032 (Table 5). However, it

should be noted that none of the significant or marginal asso-
ciations observed between Y chromosome polymorphisms
(YAP, SRY+465 and M175) and cardiovascular nsk factors
remained significant after correction for multiple testing
(Bonferroni).

Haplotype analyses were then performed to examine a pos-
sible influence of different patterns of Y chromosomal poly-
morphisms (Y AP, SRY+465 and M175) on hypertension and
HDL cholesterol levels. Four common haplotypes were iden-
tified in our Japanese sample: YAP(+)M175(+)SRY465(C),
YAP(-)M175(-)SRY465(T), YAP(-IM175(+)SRY465(C),
and YAP(—)M175(-)SRY465(C). As shown in Table 6, no
significant difference was observed in the prevalence of
hypertension and HDL cholestero] levels between the haplo-
type groups. We did not find any significant association
between haplotypes and the prevalence of hypertension even
when separate analysis was conducted for older or younger
men using an age cut off of 65 years (data not shown).

YAP Polymorphism and Atherosclerosis

We examined the effect of YAP polymorphisms on the
marker of atherosclerosis as measured by mean carotid IMT.
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Table 4. Association between SRY+465 Polymorphism and Cardiovascular Risk Factors
SRY+465(C) (n=655) SRY+465(T) (n=277) Nominal p Corrected p
Age (year) 65.9+10.5 66.2x10.4 n.s. ns.
BMI (kg/m?) 23.4£3.0 23327 ns. n.s.
W/H ratio 0.93+0.05 0.93+0.05 n.s. n.s.
HTN (%) 4315 406 ns. n.s.
Antihypertensive drugs (%) 298 298 ns. n.s.
Height (cm) 165.1£59 165.74+6.0 ns. n.s.
Res, Height* -0.15+£5.39 043453 n.s. n.s.
TC (mg/dL)* 199.6132.5 199.2+30.6 ns. n.s.
TG [mg/dL)* 120.5+80.7 11742816 n.s. n.s.
HDL cholesterol (mg/dL)* 55.3+143 54.7+14.5 ns. n.s.
Res, HDL cholesterol*® 0.11£13.0 -024£13.3 n.s. n.s.
SBP (mmHg)** 123.2116.7 122.1£17.6 n.s. ns.
Res, SBP**+ 0.3%16.1 -06+16.6 n.s. n.s.
DBP (mmHg)** 77.4£10.0 76.5+10.1 ns. n.s.
Res, DBP**# 03+9.6 -0.5£9.6 ns. n.s.
Glucose (mg/dL)*** 100.1+18% 102.9+28.1 0.078 n.s.
Res, Glucose®***# 17,7207 27.9+18 0.050 n.s.
HbAlc (%)"** 5.49+0.68 5594091 0.063 n.s.
Res, HhAlc**** 0.68+0.03 0.90+£0.06 0.052 ns.

Data are presented as mean+SD. *Subjects without medication for dyslipidemia were included: 577 men for SRY +465(C) and 245 men
for SRY+465(T). **Subjects without the use of antihypertensive drugs were included: 457 and 199 men for SRY+465(C) and
SRY+465(T), respectively. ***Subjects who were not receiving treatment for diabetes were included: 610 men with SRY+465(C) and
255 men with SRY+465(T). Covariates used to calculate residual values were *age, "ethanol consumption (g/d) and number of cigarettes
per day, “age and BMI, “age-squared and BMI. See Table 3 for abbreviations,

Table . Association between M175 Polymorphism and Cardiovascular Risk Factors

M175(=) (n=498) MI175(+) (n=436) Norminal p Corrected p
Age (year) 65.9+10.5 66.1+10.5 n.s. n.s.
BMI (kg/m?) 23.4132.8 234+3.0 n.s. ns.
W/H ratio 0.93+0.05 0.93x0.05 ns. ns,
HTN (%) 404 454 n.s. n.s.
Anthypertensive drugs (%) 30.2 283 n.s. n.s.
Height (cm) 165.5+5.9 165.116.0 n.s. ns.
Res, Height* 0.20+5.16 -0.20+5.56 n.s. n.s.
TC (mg/dL)* 199.0£31.1 199.8+33.0 n.s. n.s.
TG (mg/dL)* 125.2+89.7 113.1269.0 0.032 n.s.
HDL cholesterol (mg/dL)* 54.5+14.1 55.8%+14.6 ns. n.s.
Res, HDL cholesterol** ~-0.57+13.1 0.65£13.1 n.s. ns.
SBP (mmHg)** 121.7+16.4 124.0%£17.6 0.09 0.s.
Res, SBP*=# -1.0£15.7 1.1217.0 0.0%4 n.s.
DBF (mmHg)** 76.8+9.9 774+10.3 ns. n.s.
Res, DBP**# -0.24£9.3 0.2+10.0 n.s. n.s.
Glucose (mg/dL)*** 101.1£23.8 100.6+18.9 n.s. n.s.
HbAlc (%)**~ 5.53+0.81 5.49+0.68 n.s. ns

Data are presented as mean+SD. *Subjects without medication for dyslipidemia were included: 441 men for M175(-) and 382 men for
M175(+). **Subjects without the use of antihypertensive drugs were included: 350 M175(-) and 306 M175(+) men. ***Subjects who
were not receiving treatment for diabetes were included: 468 M175(~) and 399 M175(+) men. Covariates used to calculate residual val-
ues were *age, “ethanol consumption (g/d) and number of cigarettes per day, “age and BMI, “age-squared and BML See Table 3 for

abbreviations.
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Table 6. Association of Haplotypes with Prevalence of Hypertension and HDL Cholesterol in Japanese Men

n (%) HTN (%)

x HDL ANOVA

Nomunalp Corrected p

holesterol
- Nominal p* Corrected p*

(mg/dL)
YAP(+)M175(+)SRY+465(C) 288(31.0) 472 030 ns. 555145  0.049 ns.
YAP(-)M175(-)SRY+465(T) 275(29.6)  40.7 543+14.2
YAP(-)M175(+)SRY+465(C) 148(159) 419 53.5:14.6
YAP(-)M175(-)SRY+465(C) 219(235) 397 51.2+133

Data are presented as mean+SD. *Adjustment was made for age, BMI, ethanol consumption (g/d) and number of cigarettes per day
n.s., not significant; HDL, high-density lipoprotein; HTN, hypertension; BMI, body mass index.

Irrespective of whether crude values or residual values
adjusted for age, BMI, SBP, glucose, number of cigarettes per
day, TG, TC, and HDL cholesterol were used for analysis, no
difference in mean IMT was observed between YAP(+) men
(n=274) and YAP(-) men (n=606): mean IMT (mm) was
0.81040.125 mm for the YAP(-) group and 0.809+0.137
mm for the YAP(+) group.

YAP Polymorphism and Mi

The association between YAP polymorphism and MI was
investigated in MI cases (n=322) and subjects in the Suita
study who were free from CAD (n=912). Multiple logistic
regression analysis did not find any correlation between
YAP(+/-) polymorphism and MI. The predictors for MI
included age (p<0.0001), smoking habit (p<0.0001), and the
presence of diabetes or hyperglycemia as defined by glucose
levels of 2126 mg/dL (p<0.0001).

Discussion

The sex-related difference in mortality rate from cardiovascu-
lar disease has been consistently demonstrated, with male
gender being associated with increased nsk (/-3). Results
based on the chromosome Y consomic strains denved from
SHR and WKY rats have suggested the possible effect of Y
chromosome on determination of BP (§-11). It can be specu-
lated that sexual dimorphism in cardiovascular risk can be
partly explained by the effect of the Y chromosome, and poly-
morphisms within the male specific non-recombining region
of the Y chromosome are linked to increased cardiovascular
risk in men.

We examined the effect of Y chromosome polymorphisms
(YAP, SRY+465, and M175) on cardiovascular risk factors
in our Japanese sample. The frequency of the YAP(+) allele
was 31.0% in the present study, which is comparable to that
observed in Shizuoka (33%) (20} and Aomori (34%) (19) but
different from that of Okinawa (56%) (20). The previously
reported prevalence of M175(+) and SRY+465(T) in Japa-
nese subjects was 45.4% and 25.9%, respectively (30). Simi-
larly, the prevalence of M175(+) was 46.7%, and that of
SRY+465 (T) was 29.7%, in our study sample.

In the present analysis, the prevalence of hypertension
tended to be higher in YAP(+) than in YAP(-) men, and this
tendency was found to be stronger among men aged 65 years
or older. However, the association was no longer significant
after controlling for multiple testing. In agreement with a pre-
vious investigation reporting the association of YAP poly-
morphism with HDL cholesterol in lapanese (19], we
observed a similar tendency of YAP(+) subjects to have
higher levels of HDL cholesterol compared with Y AP(-} sub-
jects even after adjustment for age, BMI, and daily ethanol
and cigarette consumption. However, the observed associa-
tion disappeared when the level of significance was adjusted
for multiple testing.

We examined whether Y AP(+/=) polymorphism was asso-
ciated with mean carotid IMT, known as an excellent nonin-
vasive marker of atherosclerosis. No association was detected
between YAP and IMT. These results suggest that the influ-
ence of YAP polymorphism on the development of athero-
sclerosis, possibly through its effect on BP levels, might be
lowered due to the tendency of YAP(+) men to have higher
HDL cholesterol levels.

The YAP(+) allele was not associated with MI, and the
prevalence of YAP(+) subjects in the MI group was not dif-
ferent from that in the Suita study. We estimated that our sam-
ple had 80% statistical power to detect an odds ratio of 1.5 for
MI. The sample size of our study might be sufficient to detect
a significant association between YAP and M1, However, it 1s
possible that an association between YAP and MI can be lost
at an odds ratio of 1.3 due o the limited sample power (0.43).

Previous studies on the effect of the HindIIl polymorphism
in the non-recombining region of the Y chromosome on BP
and lipid levels have produced discrepant results. Since geno-
typing of the HindIII polymorphism was not performed in our
study sample, a direct comparison is not possible, which is
one of the limitations of the present study.

The possible association between Y chromosome polymor-
phism and height is noteworthy. We observed a nominal asso-
ciation of YAP(+/-) polymorphism with height and
prevalence of hypertension in our study sample. In a study of
409 Australian Caucasian men, HindIIl negative men were
taller than HindIII positive men: 174.726.6 cm vs. 172.827.7
cm, p=0.009 (37). Absence of the HindIII restriction site was



found to be associated not only with younger age al peak
height velocity but also with higher SBP and DBP levels
before and after pubertal growth, suggesting the possible role
of earlier exposure to androgen among the Hindlll negative
males in the development of hypertension (/8). Previous
studies in animal models may support this notion. In male
SHR, the increase in blood pressure has been shown 1o be
suppressed by treatment with androgen receptor antagonist or
castration (32, 33). Further research is required to clarify the
role of the Y chromosome in androgen-mediated hyperten-
sion.

In conclusion, the Y chromosome polymorphisms geno-
typed in 974 Japanese men (YAP, SRY+465, and M175)
showed nominal associations with height, lipid levels, and the
prevalence of hypertension, none of which remained signifi-
cant after adjustment for multiple testing. The contribution of
the YAP polymorphism to height, HDL cholesterol, and the
prevalence of hypertension appears to be small, if even
present, and it could not be reliably detected in our current
sample size. Much larger sample sizes and/or additional inde-
pendent samples will be required to make definitive conclu-
$105.
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CLNICAL INVESTIGATIONS

Validation of the Association of Genetic Variants on
Chromosome 9p21 and 1q41 With Myocardial
Infarction in a Japanese Population

Yumiko Hiura, PhD*; Yasue Fukushima, MS*; Miyuki Yuno*; Hiromi Sawamura, MS*;
Yoshihiro Kokubo, MD*#:; Tomonori Okamura, MD**; Hitonobu Tomoike, MD**;
Yoichi Goto, MD': Hiroshi Nonogi, MD®; Rie Takahashi, PhD*; Naoharu Iwai, MD*1

Background Recent large-scale genome-wide association studies have identified several loci associated with
the risk of coronary artery disease (CAD), The aim of the present study was 10 examine whether the previously
CAD-associated single-nucleotide polymorphisms (SNPs) confer susceptibility to myocardial infarc-
tion (M1 in a study population of 2,475 controls and 589 cases of MIL. The effect of the CAD-associated SNPs on
cardiovascular risk factors in the control group was also investigated,
Methods and Results  Significant associations were observed beiween 2 SNPs, rs1333049 on chromosome
9p21 and rs17465637 on chromosome 141, and MI, with odds ratios adjusted for age, sex. diabetes, hy grn -
sion and smoking habit of 1.47 (95% confidence interval (CI), 1.15-1.89; carrected p=0.006) and 1.45 (95%Cl,
1.15-1.83; corrected p=0.006) for rs1333049 and rs17465637, respectively. None of the genotypes was associ-
ated with body mass index, plasma lipid profile, blood pressure, glucose, or hemoglobin Aie. The genolypes also
had no effect on the marker of inflammation (C-reactive protein) or atherosclerasis (mean and maximum carofid
intima - media thickness).
Conclusions  Although the underlying mechanisms are not clearly understood, the previously reporied associa-
ton between the 2 SNPs (rs1333(49 and rs17465637) and MI was reproduced in this Japanese sample.  (Circ J

Circ J 2008; 72: 1213-1217

2008; 72: 1213-1217)

Key Words: Genetics; Myocardial infarction; Polymorphism

ased on recenl large-scale genome-wide association
studies, several loci associated with the risk of coro-

nary artery disease (CAD) have been identified!

among which the chromosome 9p2l has been the most
comsistent locus showing a strong association with CAD. A
genome-wide scan conducted in Canadians (322 cases, 312
controls) and subsequent validation studies involving more
than 2,326 cases and 10,427 conirols found the genetic
variations in the chromosome 9p21 region (rs10757274 and
r$2383206) to be associated with CAD? Similarly, the ge-
nome wide association analysis in an Icelandic population
demonstrated the association between myocardial intarc-
tion (MI) and the single-nucleoude polymorphisms (SNPs)
on the chromosome 9p21 locus (rs1333040, rs2383207, and
r510116277)! Comhined analysis of the initial Icelandic
and 4 replicarion groups from Iceland and the United States
revealed rs10757278 on chromosome 9p21 as the most sig-
nificant SNP, with the population auributable risk for MI
being estimated as 21% in general! In the analysis of the
Welcome Trust Case Control Consortium (WTCCC) study?

iRecetved January 31, 2008; revised maruscript received March 26,
2008; accepred April 7, 2008)

*Deparimend of Epideminlogy, Research Inati **Division of Pre-
ventive Cardiology and *Division of Cardiology, National Cardiovas-
cular Center, Suita, Japan

Mailing address: Nacharu [wa, MD, Dy of Epidenuol
Research Institute, National C. “ardiovaseular C enter, S-7-1 Fl.l_]ld‘l.‘lrbdll
Suita 565-8565, Japan. E-mail: iwai @n.nove.go.jp

All rights are reserved to the Japanese Circulation Society. For per-
missions, please &-mail: ¢j@j-circ.or.jp

Cinulazion foumal Vol 72, August 2008

genolyping was carried out in 1,926 CAD cases and 2,938
controls using the GeneChip Human Mapping S00K array
(Affymetrix). Nine chromosomal regions were [nund to be
significantly associated with CAD, 3 of which remained
significanr afier testing for the association with M1 in the
German MI Family Swudy composed of 875 cases with MI
and 1,644 controls? with the chromosome 9p21.3 locus
showing the strongest association in bath studies. Comnbined
analysis of the WTCCC study and the German MI Family
Study revealed an additional 4 loci associated with the
increased risk of CAD,

Despite the different SNPs investigated from study 1o
stndy, associations between the SNPs on chromosome
9p21 and the risk of CAD or MI have been consistently re-
ported in case-control studies from different countries
mcluding South Korea? Iraly®” Germany, Sweden, and the
United Kingdom? The underlying mechanisms for the asso-
clation between these susceptibility loci identified through
genome-wide scanning and the risk of CAD/MI remain o
he elucidated. There has been no evidence of an association
berween the risk alleles of SNPs on chromosome 9p and
conventional risk factors such as lipid parameters or hlood
pressure levels?® As stressed by the National Cancer Insti-
tute-National Human Genome Research Institute (NCI-
NHGRI) Working Group on Replication in Association
Studies® validation of the posiulaled gene—disease associa-
tions in a population different from that of the inilial siudy
is of great value. Thus, the aim of the present study was 1o
examine whether the previously reported CAD-associaled
SNPs. including those located on chromosome 9p21, confer
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