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Essential hypertension is one of the most common, complex diseases, of which considerable efforts have
been made to unravel the pathophysiological mechanisms. Over the last decade, multiple genome-wide link-
age analyses have been conducted using 300-900 microsatellite markers but no single study has yielded
definitive evidence for ‘principal’ hypertension susceptibility gene(s). Here, we performed a three-tiered,
high-density association study of hypertension, which has been recently made possible. For tier 1, we geno-
typed B0 795 SNPs distributed throughout the genome in 188 male hypertensive subjects and two general
population control groups (752 subjects per group). For tier 2 (752 hypertensive and 752 normotensive sub-
jects), we genotyped a panel of 2676 SNPs selected (odds ratio > 1.4 and P < 0.015 in tier 1) and identified 75
SNPs that showed similar tendency of association in tier 1 and tier 2 samples (P < 0.05 for allele frequency
and P < 0.01 for genotype distribution tests). For tier 3 (619 hypertensive and 1406 normotensive subjects),
we genotyped the 75 SNPs and found nine SNPs from seven genomic loci to be associated with hypertension
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(P < 0.05). In three of these loci, the lowest P-values were observed for rs3755351 (P = 1.7 x 107%) in ADD2,

rs3794260 (P = 0.0001) in KIAA0789 and rs1805762 (P =

0.0003) in M6PR when case—control comparison was

made in the combined data, An SNP (rs3755351) within ADD2 had the lowest P-value and its experiment-wide
significance level is 0.13. Thus, these results have nominated several susceptibility genes for hypertension,
and independent replication will clarify their etiological relevance.

INTRODUCTION

Essential hypertension (MIM 145500) 15 a multufactoral trait,
m which interactions among genetic, environmental and
demographic factors are involved. Substantial contribution of
genetic factors to the overall disease etiology has been docu-
mented by a number of epidemiological studies. For
example, family studies controlling for a commen environ-
ment indicate that blood pressure hentahility is in the range
of 15-35% (1-3). Accordingly, considerable efforts have
been made in the study of molecular genetics of hypertension,
but the inherently complex nature has hampered progress in
the elucidation of the genes involved (4). Over the last
decade, muluple genome-wide linkage analyses have been
conducted by using microsatellite markers to localize genes
influencing hypertension status and/or blood pressure levels
in a number of populations derived from various ethnic
groups. Although no single study has so far yielded definitive
evidence for ‘principal’ hypertension suscepubility gene(s),
some of these studies provide consistency of linkage results
in a few chromosomal regions (5-7). It is therefore assumed
that multiple genes contribute to the etiology of hypertension
independently or synergistically, with each gene exerting
small effects under a certain environmental condition.

In parallel with family-based linkage analyses across the
entire genome, population-based association studies have
been performed, particularly focusing on individual candidate
genes to search for genetic influences on hypertension. Associ-
ation studies for mapping disease-related genes have recently
gained popularity over tradinonal family-based linkage ana-
lyses mainly because of their far greater statistical power to
detect the presence of genes with relatively ‘minor” effects
(8.9). Some researchers criticize the liability to false-positive
or non-replicable claims,  Nevertheless, population-based
association studies have become an alternative and complemen-
tary approach to family-based linkage analyses in practice.

Given the limitation of statistical power that can be
achieved by farmly-based linkage analyses with sample size
practically collectable, population-based association studies
are now underway in a genome-wide scale for a number of
multifactorial diseases (10), Here, we performed a high-
density association study of hypertension with a three-tiered
genotyping approach in the Japanese population (Fig. 1).

RESULTS
Multi-tiered case-control study

We performed a large-scale case—control association study of
hypertension using SNP markers selected from the Japanese
SNP (JSNP) database (11,12). These SNP markers were

distributed throughout the genome (Table 1), Only male
hypertensive individuals were tested in tier |, and a total of
80 795 SNPs distributed on 22 autosomes were used for the
association study. Details of the high-throughput genotyping
were same as previously described (13,14), and technical
evaluation of our genotyping assay (e.g. overall success rate
and accuracy of the genotyping assay) is shown in the sup-
plementary matenal (Supplementary Explanation). JSNP had
been developed as a database for the SNP discovery project
with particular focus on common gene variations in the
Japanese population. Although SNP marker resources used
in the current study showed a centain degree of diversity in
terms of the number of typed SNPs per gene locus, this par-
ually reflected the vamable size of re-sequenced fragments
depending on the individual gene structure (12)

The gene-centered genome-wide exploratory test in tier |
identified 2676 SNPs with odds ratio (OR) = 1.4 and P =
0.015 in at lcast one test companng allele frequency and/or
genotype  distmbution  (dominant  or  recessive  models)
between 188 hypertensive patients and 752 population
control subjects in either of two panels (see Matenals and
Methods). In this exploratory test, the SNPs showing inverted
tendency of OR between two pairs of case—control compari-
sons and significant deviations from Hardy—Weinberg equili-
brium (HWE) in any panel (P <001) were excluded.
Subsequently. we performed a screening of these 2676 SNPs
with 752 hypertensive patients and 752 normotensive controls
in tier 2, which constituted the first “case versus unaffected
control’ study panel, i.¢, companson between 940 cases and
752 controls, together with the 188 cases in tier 1. On the
basis of relatively stringent criteria, we identified 75 SNPs
that showed P-values of =0.01 for genotype distribution and
P-values of <0.05 for allele frequency in the x*-test statistic.
To further examine the association signals, we performed a
replication study of these 75 SNPs with another panel of
619 hyperiensive subjects and 1406 normotensive controls in
tier 3. Cases and unaffected controls collected in tiers 2 and
3 were enrolled according 1o the identical eritenia and their
baseline charactenistics are shown in Table 2. There were
some frait differences in cases between tiers 2 and 3, such
as blood pressure measurements and percentages of the sub-
jects taking anti-hypertensive medication. This could be
largely attributed to differences in sample enrollment settings
between tiers 2 and 3; that is, cases i tier 3 were enrolled
from either the annual medical checkup of a medical insti-
wtion or the clinie practices of gencral practtioners,
whereas a major part of cases in tier 2 were from the chnic
practices of university hospitals. Among the 75 SNPs
showing P-values between 0.05 and 4.4 = 10 *in the first
‘case versus unaffected control” study, only nine SNPs
showed borderline association (at the level of P < 0.05) in
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Genome-wide exploratory test (par of
the Japanese Millennium Genome Project)

18t “case vs. unaffected control” study

2nd “case vs unaftected control® study

Figure 1. Schematic presentation of a three-tiered screening strategy in the present study, Gene-centered genome-wide exploratory test was performed in tier |,
fallowed by case—control study of diseasc-associated SNPs in ticr 2 and ticr 3 samples. A panel of 188 male hypertensive patients were compared with each of
two population control panels in tier | Subsequently, *cuse versus unafTected control” study was repeated twice to identify the best candidate SNPs. In ransitions
from tier 1 to tier 2, and from tier 2 (o ter 3, the aumber of SNPs was reduced according 1o the selection entena that we artitranly defined. See detals i the

Materals and Methods section

the second ‘case versus unaffected control® study (Fig. 2). Of

these, we found six SNPs that showed P-values of <0.05 for
both genotype distnbution and allele frequency in the X -test
statistic (Table 3). rs3755351 and rs3771426 were located
within the assumed intron | of ADD2, rs3787240 and
rs3787241 were located in the same intron of E¥A2, and the
remaining  two  SNPs—rs3794260 and  rs1805762—
cach located in KI4A40789 and M6PR. To adjust for three
covariates—age, gender and body mass index (BMI), we
also performed logistic regression analysis for the significant
SNPs (Supplementary Matenial, Table S1). With consideration
of genetic model consistency, an SNP (rs3755351) showed the
strongest association in the identical model (an additive model
by logistic regression analysis) among three tiers. Further
details of the association results are described in the Discussion

SNP discovery and further test of association in three
selected penes

Because a group of SNPs from three genes, ADD2, KIAAOT7XY
and M6PR, were particularly noted for their significant associ-
ation with hypertension (Table 3), we searched for potentially
functional SNPs by re-sequencing the 5'- and 3'-untranslated
regions, all exons and exon—intron borders of the individual

loci, on the basis of the gene structure deposited n the
human genome database (http://www ncbinlm.nih.gov/) We
detected a total of 74 SNPs—25 SNPs in A02D2, 40 SNPs in
KIAAO739 and 9 SNPs in M6PR—and thereby selected 25
tag SNPs for genotyping 2025 subjects in tier 3 (see Sup-
plementary Material, Table S2A, B and C). Apant from four
SNPs which had been already included in the JSNP screening
marker set, we found four additonal SNPs, two in ADD?2
(rs2024453 and rs10084293) and one cach in KI440789
(rs9739493) and M6PR (rs1805725), to be significantly associ-
ated with hypertension (Table 3). Thus, in cach genc, we
identified at least two SNPs showing modest evidence of
association with hypertension (P < 0.05 level i tier 3) but
these SNPs did not necessarily belong to the same linkage dis-
equilibrium (LD) block (Fig. 3 and LD group in Supplemen-
tary Material, Table S2A, B and C) The analysis of
haplotypes inferable from tag SNPs did not show more signifi-
cant disease association than the analysis of individual SNPs
in any of three genes tested (data not shown),

Consideration of study power and multiple testing

We first esumated a type | error probability for the three-tiered
screening to be 6.8 x 10~%: 0.036 for tier 1, 0.0009 for tiers |
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Table 1. Summary of SNPs genotyped in tier-1 screening and genome coverage estimated by HapMap data

JSNP overlapped with  From HapMap data (Release 21, JPT)
HapMap toverlap)

Chromosome  From JSNP screening markers

Total SNPs Proportion of SNPs SNPs in close LD (HapMap Coverage cstimate: SNPs in - Total SNPs in
in JSNP umigue to JSNP (r* = 0.8) with total = NA) LD (" = 083 (HapMug total - HapMap
overlap SNPs NA) SNPs

i K178 0370 5281 26 236 113 362 0.231 139 002
2 7336 0.293 5189 28763 123447 0.233 160 546
i 3128 0358 3290 17 494 91 985 1% 125 160
4 172 0.366 2010 11 998 74 080 0162 114 809
5 4973 031l 3427 18432 206 0202 122243
6 6220 0272 4527 26 182 110532 0.237 134177
7 5813 0358 373 I8 241 Bl 7217 0.223 99 508
B JiRE 246 1800 12644 R0 400 0.157 111953
9 2818 0.218 2203 12 358 70091 0.176 91 908
{1} 159 0322 14l 13532 81 1m 0.167 100 771
I 636 0.24% 2735 14953 75 147 0.199 95 905
12 iRl6 0.223 2964 15 188 T3 983 0.205 89 436
13 1291 0.290 917 6717 48 622 0138 75956
14 2913 0219 1275 11 583 50 769 0.228 62 203
15 231 0194 1863 9903 46 599 0.213 34 210
1] 2677 0. 268 1959 8227 43415 0189 51 865
17 1246 0258 2408 10 050 1K 550 0.261 41725
I8 1243 0.207 U6 6370 41 494 0154 56 203
19 ER L 0.308 2346 T6l6 25524 0.299 26949
0 2588 402 1548 R784 41 725 0211 45 582
21 1761 0275 1276 M 23 465 0 246 26 892
k.. 2536 0,280 1825 7569 24 402 n3lo 25077
Total /0 795 0298 36 701 298 647 1 451 628 01204 | 852 380

4

The numbers of SNPs genotyped in tier-1 2 are d for cach ct G © ge was d with the HapMap data from
IPT (n = 45). that is. the proportion of HapMap SNPs showing high r (=0.8) to one of the SNPs genatyped in this study (which are all derived from
JSNP) is calculated Because substantial part of the SNPs have tumed out to be unique to JSNP, those overlapping with the HapMap SNPs, in the

‘overlap” column, are used to estimate genome coverage. Here, NA represents a category of SNPs which have been mapped to the genome (NCBI B35)
but do not have LD information agawnst the HapMap SNPs. In this context, it is appropriate to reduce this NA SNPs from total SNPs deposited in the

HapMap data when estimating genome coverage and we therefore use the number of SNPs (HapMap total -NA) as a denorminator.

and 2 combined and 0.076 for tier 3 screening. Then, we
estimated overall sensitivities (which could represent the stat-
istical power) to be 0.10-0.45, 0.04—0.23 and 0.01-0.08 for a
disease-associated SNP of OR = 1.4, 1.3 and 1.2, respectively,
assuming the disease allele frequency within 0.1-0.9, the
disease prevalence of 0.25 and the multplicative genotype
model. Since we had adopted relatively generous criteria for
screening association signals, we evaluated the false discovery
rate (FDR) to account for multiple testing (15). FDR for the
nine SNPs found as significant was 0.69. A multi-staged
screening in the current study could be largely categorized
into two steps: tiers 1 and 2 (which constitute the first “case
versus unaffected control” study) and tier 3 (which constitutes
the second ‘case versus unaffected control” study). We there-
fore assessed experiment-wise type | errors with particular
focus on the last-stage screening in tier 3. By permutation,
the chance of observing a P-value of 0.0019 (for allele fre-
quency test at rs3755351 in ADD2) in tier 3 was estimated
to be 013

DISCUSSION

With the recent advent of high-throughput genotyping techno-
logies and high-resolution maps of SNP markers, it is expected
that genome-wide association studies allow us to identify

systematically the contributions of common genetic variations
to human multifactorial discases (16—18), In this line, our
study has attempted to discover common hypertension suscep-
tibility gene vanants via a gene-centered genome-wide associ-
ation design for the first time. Despite the modest genctic
impacts assumed for hypertension, ¢.g. the A-values (the rela-
tive risk for siblings of the affected probands) have been
reported to be approximately 4 (19), we have nominated
several susceptibility genes for hypertension (Table 3).
Among these genes, findings for 4DD2 and KIAA0789 are par-
ticularly noteworthy, because the former has been known to be
a physiological candidate gene for hypertension and the latter
is a novel gene with as-yet unknown physiological function.

Through a multi-tiered screening, nine SNPs derived from
seven distinct gene loci have remained to show some evidence
of association out of the 80795 SNPs initially screencd.
Although the selection critenia were arbitrarily defined in the
present study, a small percentage of the SNPs have passed
the criteria in transitions from tier 1 to tier 2 (3.3%) and
from tier 2 to tier 3 (2.8%). In the ADD2 gene, for example,
the minor allele frequency (MAF) of rs3755351 is lower in
case groups (0.14-0.19) than that in control groups (0.21-
0.22) throughout three tiers. A P-value of 1.7 x 1077 and an
OR of 1.30 (95% CI 1.15—1.46) arc attained for allele fre-
quency comparison of rs3755351 when the subjects studied
in different tiers are combined and finally categorized into
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Table 2. Clinical characteristics of pamicipants
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Vamables

Casc group
Tier 2 pancl

Tier 3 panel

Control group
Tier 2 panel

Number of subjects (female'male)

752 (353/199)

6l9 (280339

782 |36b/3EA)

Tier } panel

1406 (650 7561

Present age, year 624 4103 541 + 84" 620 + 87 584 + 6.6
Age of onset, year 473+ 1032 412 +99 e =
Current BMI, kgm® n9+3z 251+ 36* 25+28 224127
Smioking”
None, %o 456 6l.6 66,0 58.6
Previous smoker, %» — 170 — ina
Current smoker, *a 514 214 a0 31.2
Blood pressure
Systolic hlood pressure, mmbg 1464 + 19.5° 1509 + 19.3° 1138 +958 144+ 10
Diastolic blood pressure, mmHg g4+ 130 9144122 698+ 77 J03+72
Treatment of hypertension, % 916 754 -
Blood chemistry
Serum creatiming, mg/dl 087 + 0.69" 0,75 + 0.50° 0734018 0,76+ 023
Fasting plasma glucose, my/dl 1053+ 287 109.0+ 31.0° 1040 + 419 9924+ 227
Serum total cholesterol, mg/d! 244 + 31.1° 2134 + 338 209.2 + 33.7 2156+34.1
Serum triglycende, mg/dl 1298 + 82 2° 1413 £ 1246 1081 + 671 <716
Serum HDL cholesterol, mg/d! $6.2 + 16T 61,94 |95 66+ 160 his+ 174
Values are means + SD.
For some vanables, subjects with insufficient infi are not included i the calculation

“F < 0,001, case group versus control group by the unpaired t+test in each tier
L g status s catcgonzed into two groups inon-smoker of smoker) in the ter I panel

"Because of differences in the g
‘< 0,01, case group versus control group by the unpaired e-test in each tier

the case (hers |-3) and unaffected control (hers 2 and 3)
groups. None of our results appears 1o be significant with
the use of a strict Bonferroni correction, a very conservative
evaluation of significance, and further replication in an inde-
pendent population is indispensable.

The candidacy of ADD2 as a hypertension susceptibility
gene has been supported by several physiological and bio-
chemical findings (20-22), together with some evidence
from the studies of molecular genetics (23-27). Adducin is
a ubiquitously expressed membrane-skeleton  heteromeric
protein composed of different subunits, a-, B« and y-subunits
It 1s known to play a substantial role in the regulation of mem-
brane 1on transport. Point mutations of the o- and B-adducins
account for up to 50% of the blood pressure difference
between Milan hypertensive and normotensive rat strains,
probably via the modulation of the Na™ K™ ATPase activity
(one of major Na "-channels) in the kidney (23,24). In this line,
of note is the fact that B-adducin-deficient mice show signifi-
cant increases in systolic and diastolic blood pressures and
pulse pressure (21). The human homolog of B-adducin spans
over 100 kb on chromosome 2pl3 and compnises 17 exons
It has been reported that a common SNP (rs4984) identified
at position 1797 in exonl$ is associated with an increased
risk of hypertension under certain pathological conditions in
FEuropean populations (25-27), whercas this SNP itself is
not polymorphic in Asian populations (http./www nchinlm
nih.gov/SNP/). Also, it has to be noted that one previous
study (28) showed significant evidence for hypertension
linkage in the 2pl13 region (a peak of 2.84 LOD at 93 cM),
where the ADD2 locus is exactly located among several
positional candidate genes. Despite our investigation in the

ADD2 locus, we could not find either a elear LD block-like
structure or potentially functional SNPs in the vicinity of
three  discase-associated SNPs (rs2024453, rs3755351 and
rs3771426), which are located in the putative promoter
region and intron |, apart from rs10084293 located within
an LD block of ADD2 (Fig. 3). We have assessed the indepen-
dence of multiple associated SNPs in 4DD2 by logiste
regression analysis and have found that the observed associ-
ation in this gene could be explained principally by the most
significamt. SNP (rs3755351) (sec Supplementary Expla-
nation). Once these associations are validated 10 an indepen-
dent study panel, further extensive searches of functional
SNPs in the ADD2 locus are warranted

Our mgh-density association study has also highlighted the
KIAA0789 gene located on chromosome 12¢23 .3 This gene
encodes a hypothetical protein, LOC9671, which is expressed
principally in the central nervous system and modestly in the
pancreas (unpublished data). The predicted gene structure of
KIAA40739 involves 9 exons, spanning ~-120kb. There i1s a
clear LD block in the 5 region of the putative exon
| (~3.8kb in size), whereas we have found two other LD
block-like structures within the KIAA0789 gene (Fig. 3)
Two discase-associated SNPs (rs3794260 and rs9739493)
have turned out to reside in different LD blocks. and the con-
struction of their haplotypes does not seem to provide much
additional information on disease association. Although the
precise gene structure and gene function remain unknown,
KIAA0789 appears to contain a carboxy-binding WSC
domain, and its homologs arc likely to exist in mice and rats
according to the database information (hitp://'www.ncbinim
nih.gov/). Again, detailed investigation including independent
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Figure 2, Statistical significance of x"~test of discasc assocrtion in the two-staged *ense versus unafTected control’ study. - Log,; Povalues were used instead of
raw P-values in each scatter plot, The dashed lines indicate P = 0.05. (A) As for SNPs genotyped in the second *case versus unaffecied control’ panel, P-values
fior allele frequency in the second *case versus unafTected control” panel were plotied agamst those in the first ‘case versus unaffected conirol” panel, where SNF's
located in three gene loci—ADD2, KIAAD7KY and M6PR—are depicted with solid circles to which the following symbols are attached: A, ADD2; K, KIAA 0789,
M, M6FR (B) As for SNPs genotyped in the second *case versus unaffected control® panel, P-values for genotype distnibution ([2 % 3] contingency table) in the
seconil ‘case versus unaffected control’ panel were plotted against those in the first ‘case versus waffected control” panel, where SNPs located in three gene
lock—A D02, KI4A0789 and MaPR—are depicted with solid circles as mentioned carlier

replication of disease association will lead us to clanfy the
etiological relevance of KIAA0789 10 hypertension.

Another, potential disease association, though modest stati-
stical significance, has been found for M6PR. The M6PR gene
encodes a cation-dependent receptor for mannose-6-phosphate
groups on lysosomal enzymes and plays a critical role in the
segregation and targeting of lysosomal enzymes to lysosomes.
Thus far, no functional relation between M6PR and hyperten-
sion has been reported. Similar to K7440789, this gene could
also allow us to identify a novel, as-yet unnoticed blood
pressure regulatory mechanism.

We should bear in mind several limitations inherent in the
present study. First, the level of genome coverage is an issue
of heated debate (10.18). Some people may argue that our a
priori marker selection strategy is genc-centric without utiliz-
ing LD information and hence it is not sufficient to pick up as
many modest associations as possible in  genome-wide
searches of hypertension susceptibility genes, A comprehen-
sive framework of common vanations throughout the human
genome has been made available by the recent completion
of the International HapMap Project (29). On the basis of
our assessment, the JSNP screemng markers in this study
cover 20.6% of the HapMap SNPs, whereas a substantial pro-
portion (~30%) of SNPs appear to be unigue to JSNP (Table |
and Supplementary Material, Fig. S1). Under these circum-
stances, an ideal set of SNPs for our study would encompass
deliberately selected tag SNPs (principally common genetic
variams) and additonal ‘singleton” SNPs (sometimes rtare
genetic variants). Besides this argument of tag SNPs, there
are two points of weakness regarding genome coverage as
follows: (1) sex chromosome markers have been excluded
from the analysis because of the pre-determined policy of
multi-disease collaborative study in the Japanese Millennium
Genome Project, and (1) a substantial part of the expressed

human genes is not covered by the JSNP database (11), in
which the fundamental SNP data were almost fixed in the
middle of 2003, Second, the staustical power attainable by
our study panel needs to be taken nto consideration: For the
last few years, genotype costs have fallen dramatically, yet
present economic and experimental conditions make it necess-
ary, in practice, to reduce the number of genotyped samples
down 10 a moderately sized case group (188 subjects in our
study) at the initial screeming with approximately 80 000
SNPs. We arbitrarily set the selection criteria of OR = 1.4
and P < 0,015 in transition from tier 1 fo tier 2, where the
overall statistical power i1s cstimated to be 10-45% for a
disease-associated SNP of OR =14 and 1-8% for that of
OR = 1.2, assuming the disease allele frequency within 0.1-
0.9 and the disease prevalence of 0.25. Thus, it is likely that
our study design allows for capturing less than half of the
true disease associations particularly with regard to modest
genetic susceptibility. Third, ethnic diversity has not been
tested within the scope of the present study. Instead of using
commercially available SNP sets aimed at full genomic cover-
age, we have attempted to focus on potentially functional var-
iants and also relatively common SNPs (MAF = 0.1) in the
Japanese population. Accordingly. some of disease-associated
SNPs listed in Table 3 may be rare or not polymorphic in the
other ethnic groups. To clarify allele frequency representation
of individual loci and etiological impacts attributable to them,
further examination is required in the context of ethnic
diversity

During our preparation of this report, two genome-wide
association studies for hypertension and/or blood pressure
have been performed in Caucasians (30.31). When our
results are compared with public data sets for these association
statistics, a few SNPs in the regions of interest appear (o show
a tendency of association with hypertension or blood pressure;
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Figure 3. LD relations between SNPs in the ADD2, KIAA07539 and M6PR genes (top) and disease association of markers from the cormesponding genomic
regions (bottom). In the top, the LD between a pair of markers is indicated by the color of the block above and to the left of the intersection of the
markers For the sake of readability, only the names of SNPs showing significant association are shown to the nght of the vertical axis of the LD plot. The
rest of the SNP information is described in Supplementary Matenal, Table 52A, B and C In the upper bottom, the location of genctic markers studied in
the corresponding genomic region is shown with relution to gene structure. Here, green and red circles indicate the SNPs with low (MAF < 0.05) and high

(MAF = 0,05) allele frequencies in the Japanese, respectively. In the lower bottom,

logyy P-values of the differences in allele frequencies between case

and control subjects in tice 3 (Le. the second ‘case versus unaffected control’ study) were plotted against the locanon of individual generic markers genotyped

for example, an SNP (rs17006246) in ADD2, which is in
strong LD (r* = 0.806 and D' = | in the HapMap JPT popu-
lation) with rs3755351, the most significant SNP in our
study, i1s modestly associated with hypertension status (P =
0.029) in the Diabetes Genetics Initiative (DGI) study but
the direction of effect is opposite between rs3755351 typed
in this study and rs17006246 typed in the DGI study. On the
other hand, rs1805740, in strong LD with an SNP
(rs1805762) in MA6PR, is modestly associated with hyperten-
ston status (P = 0.036) in the Wellcome Trust Case Control
Consortium study with the same direction of effect as in this
study (see Supplementary Matenal, Table 83)

In summary, our high-density association study provides a
list of gene loci potentially predisposing people to hyperten-
sion, which awaits replication across populations. With the
available samples, we have observed an association of SNPs
including three SNPs clusters (or gene loci) in the Japanese
populations. In face of the complex nature of disease etiology,
it seems to be a formidable task but worth challenging that we
eventually apply the SNPs information to improved preven-
tion, diagnosis and treatment of hypertension

MATERIALS AND METHODS

Study design

We performed a large-scale association study for genes sus-
ceptible to hypertension by using a three-ticred genotyping
approach (tiers 1, 2 and 3) as depicted in Figure | All methods
of the study were approved by the review committees of the

individual institutions involved in the present study. All sub-
jects provided written informed consent for participation

In the gene-centered genome-wide exploratory test in tier |,
we camied out genotyping of 83 B02 SNPs (3007 of which
were excluded from the analysis because they are on sex
chromosomes or in the unknown locations) using genomic
DNAs from 188 Japanese male hypertensive patients and
752 unrelated Japanese individuals (referred to as general
population controls) and another panel of 752 Japanese sub-
jects (referred to as arbitranily defined controls) who were
affected with any of the other four common diseases including
gastric cancer, diabetes mellitus, bronchial asthma and Alzhei-
mier's disease; each of these was investigated as the “Japanese
Millennium Genome Project’ (Fig. 1). The theoretical basis of
adopting this exploratory test scheme was previously reported
clsewhere (32). Cases were enrolled from the clinical practice
or the annual medical checkup of university hospitals and
medical institutions according to the uniformly defined cn-
teria. These included (i) systolic blood pressure > 160 mmHg,
diastolic blood pressure =95 mmHg, or both on two consecu-
tive visits for untreated subjects; (ii) patients receiving long-
term antihypertensive treatments; (iii) no secondary form of
hypertension as evaluated by an extensive workup; (iv)
family history of hypertension, i.e. at least one hypertensive
subjects detectable among parents and siblings of the partici-
pants; (v) an age of onset known to be between 30 and 59
years, Moreover, only male subjects with BMI < 25 kg m’
were selected in ver |, We compared allele frequencies and
or genotype distributions in hypertensive patients and two
population control panels and evaluated deviation from HWE
at each of the genotyped loci. For the subsequent screemng
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in tier 2, we selected SNPs (i) with OR > 1.4 and P < 0.015
against either of two population control panels and with con-
cordant OR tendency against two control panels: (1) with
MAF = 0.1 and (1i) not showing significant deviations (P =
001 level) from Hardy-Weinberg expectations in  the
patient or control panels.

In tier 2 (which comprised 752 hypertensive patients and
752 normotensive controls), we further tested the SNPs thus
screened in tier 1, which effectively constituted the first
‘case (tiers | and 2) versus unaffected control (tier 2) study
Here, cases in ter 2 were selected according o the critenia
(1)=(v) mentioned earlier for uer 1. Normotensive controls,
an the other hand, were defined as follows: (1) systolic blood
pressure <130 mmHg and diastolic  blood pressure
<85 mmHg without receiving antihypertensive treatments,
(i1) age =50 years and (i1) no family history of hypertension,
Both males and females were included i tier 2 without refer-
ence to BMIL. We selected SNPs (i) with P-value <0.05 when
comparing allele frequency; and (i) with P-value <0.01 when
comparing genotype distribution between (tiers | and 2) cases
and (tier 2) controls by x° test statistics

In tier 3 (which comprised 619 hypertensive pauents and
1406 normotensive controls), we performed the second ‘case
versus unaffected control’ study to examine significant associ-
ations observed in tiers | and 2. The diagnostic critena in tier
3 were identical to those in tier 2. For the assessment of
assumptions when using statisucal models in the present
study, quantile—quantile plots of P-values were depicted for
each stage of association test described in Supplementary
Explanation.

No significant population stratification was observed for
samples in tier 1 when it was assessed with the methods
reported by Patterson et al. (33). However, the presence of
population stratification was indicated for samples in the first
stage “case (tiers | and 2) versus unaffected control” study.
We observed moderate bias in genotype frequency of some
SNPs between the two tiers, which may have resulted from
techmcal/expenimental artifacts between genotyping of cases
in tiers | and 2, Therefore, the trend test statistic at this
analytical stage was corrected according to the significant
eigenvector (scc Supplementary Explanation). Stratification
in tier 3 was not detected but could not be ruled out because
of the relatively small number of SNPs (n = 75) genotyped
in tiecr 3. As for the nine SNPs that showed significant
disease association after multi-stage screening, they were not
correlated with the significant eigenvector detected n tiers |
and 2 cases and tier 2 controls, The P-values for nine SNPs
were similar between the nominal and the EIGENSTRAT-
corrected ones; for example, the nominal P-value was
7.0029 and the EIGENSTRAT-corrected P-value was 0.0069
at rs3755351 in ADD2.

SNP marker resource and genotyping

Most of the SNP markers used in the present study were same
as (he markers used in the previous reports (14) and denived
from the JSNP database. The samples in tiers | and 2 were
genotyped by PCR amplification of multiple genomic frag-
ments with 20 ng of genomic DNA followed by characteriz-
ation with the invader assay. Genotyping of the samples in
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tier 3 was undertaken using the TagMan® SNP Genotyping
Assays (Applied Biosystems). To secure the accuracy and
completeness of genotyping, which is critical for large-scale
studies (34), we attached a set of ‘flags’ w individual SNP
data mainly dependent on the data completencss, after two
independent investigators had checked the raw data robustness
by looking at the scatter plot of the assay.

SNP discovery in the selected genes

Approximately 38 kb of genomic sequence spanning the exons
and the 5'- and 3'-untranslated regions of three genes, 4DD2,
KIAAO789 and M6PR, was re-sequenced in 48 Japanese
control individuals to identify potentially functional SNPs
Since K7440789 had not been fully annotated, the arbitrary
positions of translation initiation sites were estimated accord-
ing to the human genome database. From the SNPs thus ident-
ified, tag SNPs were selected for the three genes with the
algorithm that we previously reported (35). These tag SNPs
were then used for the case—control analysis in tier 3 to
further examine association signals seen throughout the multi-
staged screening. We deposited the identified SNP information
in the NCBI's SNP database and also in our own database,
IMDBase (Japan Metabolic Discase Database)

Statistical analysis

The SNPs were tested individually for the statistical signifi-
cance of disease association with the x-test statistic, which
evaluated three inheritance models—[2 x 3] contingency
table, dominant and recessive models—for genotype distni-
butions and independence on [2 x 2] contingency table for
allele frequencies, Here, the most significant P-values
among three inheritance models were adopted for genotype
distributions when we selected SNPs for screening in tier 3
The criteria for declaring suggestive evidence of disease
association were arbitranily set at each analytical stage as sum-
marized in Figure 1, and they are described in the Results
section. SNPs’ genotype departures from HWE were tested
using the x -test with | degree of freedom.

In the three genes showing significant association signals,
the extent of LD was measured in terms of an LD coefficient
#* before the analysis of haplotype structure, Within each LD
block, haplotypes were inferred from genotype data by
the SNPHAP software for the case and control groups,
respectively.

We randomly permutated the genotype of individuals across
different panels, 100 times per SNP, and counted the ratio of
permutations that fulfill the serecning enteria. This ratio indi-
cates the specificity of the study. According to the P-value dis-
tribution of the permutations, we evaluated the probability of
observing an SNP with P-value no larger than the actual
mintmum. This probability indicates the experiment-wise
P-value. For the specific prevalence and penetrance, we caleu-
lated genotype frequency and randomly generated genotypes
according to their frequency. We generated genotypes for
1000 simulations of each panel and computed the ratio of
simulations that could pass the screening, This ratio is con-
sidered the sensitivity of the study.
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Values were expressed as means + SD unless otherwise
indicated.

Uniform resource locators

The JSNP database 1s available at hitp.//snp.ams.u-tokyo.ac.jp/
index.html. The National Center for Biotechnology Infor-
mation’s SNP database is available at hup://www.ncbinlm.
nih.gov/SNP/. The JMDBase 1s available at hup:/www.
jmdbase.jp. SNPHAP is avalable at huop://www. gene.cimr.
cam.ac.uk/clayton/software/

SUPPLEMENTARY MATERIAL
Supplementary Matenial is available at HMG Online.
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Pulmonary venous flow and risk of cardiovascular disease in

Yoshio Iwashima?®, Takeshi Horio®, Kei Kamide®, Hiromi Rakugi®,

Toshio Ogihara® and Yuhei Kawano®

Objective The prognostic significance of the pulmonary
venous flow in essential hypertensive patients was
investigated.

Methods and results Doppler transthoracic
echocardiograms were analyzed in 705 essential
hypertensive subjects with no prior cardiovascular disease.
At baseline, most subjects had ‘normal diastolic function’ or
‘mild diastolic dysfunction'. During follow-up (mean,

32 months), 56 participants developed cardiovascular
disease. Sex-specific median values were used to separate
the higher group from the lower group of the peak velocity
ratio of the pulmonary venous systolic to diastolic wave
(5/D) (male <1.51, female <1.66), and of the transmitral
velocity ratio of early diastolic to atrial filling (E/4) (male
<0.84, female <0.82). Kaplan—Meier curves with log-rank
tests showed significantly poorer event-free survival rates in
the groups with high S/D (P<0.01) and low E/A (P<0.01),
respectively. In multivariate Cox regression analysis, the
S/Dratio (HR 1.07 for each 0.1 increase, P= 0.03) or E/A ratio
(P<0.01) was an independent predictor of cardiovascular
disease events. When divided into four groups based on the
respective sex-specific median levels of S/D in the E/A 2
median and E/A <median groups, the group with high S/D
and low E/A (S/D; male 21.77, female >1.81) had a
significantly poorer event-free survival rate (x* = 28.06,
P<0.01), and the adjusted-hazard ratio by multivariate Cox
regression analysis was 2.16 (95% CI; 1.40-3.07, P<0.01).

Conclusion Increased S/D or decreased E/A is associated
with an increased cardiovascular disease risk, and the

Introduction

Cardiovascular disease (CVD) such as congestive heart
failure, coronary artery disease, and hypertension often
leads ro systolic and diastolic ventricular dysfuncoon. Itis
now recognized that patients with normal systolic func-
tion can have marked impairment of diastolic function

(isolated diastolic dysfunction) [1]. Comprehensive
Doppler echocardiography can now characterize diastolic
function directly in addition to measuring systolic func-
tion. Doppler left ventricular (LV) diastolic filling
indices, especially the ratio of peak early to late diastolic
filling velocity (£/A), have gained wide acceptance as
simple and commonly used indices to assess diastolic
dysfunction. Previous studies have reported independent
prognostic information on diastolic dysfunction in
different clinical settings and populations, such as con-
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combination of high S/D and low E/A may be a powerful
predictor of cardiovascular disease in essential
hypertension. Pulmonary venous flow evaluation may
provide clinically important prognostic information in
patients with essential hypertension, J Hypertens 26:798-
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gestive heart failure (2], myocardial infarction [3,4], and
the elderly [5]. Additionally, two recent reports from the
PIUMA study [6] and the Strong Heart Study (7] pointed
out the prognostic value of the transmitral £/A ratio in
hypertensive patents and in the general population,
respectively,

Noninvasive assessment of pulmonary venous flow (PVF)
using pulse-wave Doppler transthoracic echocardiogra-
phy is proposed as a useful measurement in various
disease states [8,9]. Of these measures, the ratio of
systolic velocity to diastolic velocity (8/D) by assessment
of the pulmonary veins is a commonly used index to
assess diastolic filling in PVF. Individuals wich low S/D
are considered to have a restrictive filling pattern,
whereas those with high §/D have impaired early diastolic




relaxation [8]. Previous studies have explored the prog-
nostic value of PVF by caregorizing diastolic dysfunction
according to the progression of diastolic dysfunction [10],
or in patients with systolic dysfunction [11,12]. These
results seem tw confirm the association berween restric-
tive LV filling and higher CVD risk. Even in essential
hypertensive patients with LV hypertrophy, however, a
restrictive LV filling pattern is very uncommon [13], and
diastolic dysfunction in hypertensive panents without
heart failure is usually characrerized by abnormally pro-
longed relaxacion [14.15], thar is decreased peak diastolic
forward flow velocity (PVy) and increased peak systolic
forward flow velocity (PV,), resulung in an increased §/D
ratio [16]. Therefore, this study was undertaken to
identify the clinical significance of PVF, in middle-aged
and elderly essential hypertensive subjects, to determine
its impact on prognosis. In addition, we further examined
whether assessment of the PVF velocity pattern adds to
the prognostc informarion provided by £/A ratio.

Methods

Study subjects

This study enrolled essential hypertensive patients in
normal sinus rhychm, who had good-quality echocardio-
graphic recordings, and monitored for a mean follow-up
of 32.0 £ 18.0months retrospectively. In our laboratory
(the Nanional Cardiovascular Center in Osaka, Japan), all
hypertensive patients attended the echocardiography
laboratory, and echocardiographic data were routinely
collected consecurively. Of 865 patients at the time of
the bascline examination, we excluded 160 patents
(18.5%) for the following reasons: ischemic heart disease,
acute coronary syndrome, congestive heart failure [New
York Heart Association (NYHA) class II or greater],
valvular heart discase, old cerebral infarcrion, history of
transient ischemic arrack, secondary hypertension,
moderate or severe aortic or mitral regurgitation, heart
rate over 100 bpm, or low ejecrion fraction (< 45%), or
those with undetecrable PVF throughour the cardiac
cycle or absent reversal. After these exclusions, 705
hypertensive  patients (350 women) remained. The
paticnts with missing dara for PVF were (n =126,
14.6%), on average, obese and had excessive wall morion
noise associated with arrial contraction compared with
patients for whom PVF was available.

Hypertension was defined as systolic blood pressure of
140mmHg or over or diastolic blood pressure of
90 mmHg or above on repeated measurements, or receiv-
ing antihypertensive treatrment. [Diabetes mellitus was
defined according ro the American Diaberes Association
criteria [17]. Smoking status was determined by inter-
view, and defined as follows: never-smoker, past-smoker
(those who had a histary of habirual smoking but had
quit), and current-smoker. Ischemic heart discase was
defined asa 75% or grearer organic stenosis of at least one
major coronary artery as confirmed by coronary angiogra-

efal. 799
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phy, or a history of myocardial infarction or percutancous
transluminal coronary angioplasty. All procedures in the
present study were carnied out in accordance with institu-
tional and national echical guidelines for human studics.
All parucipants enrolled in this study were Japanese, and
all gave informed consent to participarte in this study.

Baseline clinical characteristics

After fasting overnight, blood pressure was measured with
an appropnate arm cuff and a mercury column sphygmo-
manometer on the left arm after a resting penod of at least
10min in the supine position. After blood pressure
measurement, venous blood sampling from all subjects
was performed. Height and body weight were measured,
and body mass index was calculated. The following
parameters were also determined: total cholesterol, trigly-
cendes, and high-densicty lipoprotein cholesterol,

Echocardiographic methods and calculation of derived
variables

Imaging and Doppler echocardiography were performed
in all study participancs. Studies were performed using
phased-array echocardiography with M-mode, two-dimen-
sional, pulsed, and color-flow Doppler capabilities, as pre-
viouslv described [18,19]. The leframal dimension (LAD),
LV internal dimension and sepral and posterior wall thick-
ness were measured atend-diastole and end-systole accord-
ing to the American Society of Echocardiography recom-
mendations [20]. Color-flow Doppler recordings were used
to check for aortic and mitral regurgitation, as previously
described [21]. End-diastolic dimensions were used to
calculate LY mass by a previously reported formula [22].
L.V mass was considered to be an unadjusted vanable, and
was normalized by body surface arca and expressed as LV
mass index (LVMI). End- diastole and end-systole LV
volumes, calculated by Teichholz’s method [23], were
used to caleulate ejection fraction.

The LV diastolic filling pattern was recorded from the
apical rransducer position with the subjectin the leftlateral
decubitus position, and with the sample volume situated
berween the mitral leaflet nps. The leading edge of the
transmitral Doppler How pattern was traced to denve
the peak of carly diastolic and atnal phase LV filling
(E-velocity and A-velocity, respectively), E/A ratio, the
deceleration time of early diastolic LV filling (De), and
the duranion of arnial filling wave (4,).

Pulmonary venous flow velocity was also routinely
recorded by placing a sample volume about 1 em into
the right supenor pulmonary vein [24]. Pulmonary vein
systolic (PV,), diastolic (PVy), $/D ratio, and atrial reversal
(PV,), as well as the duration of flow at atrial contraction
(ARdur), were recorded. When a biphasic PV, was
detected, the highest peak velocity was used [24] Ay
and ARdur were measured as close to the zero bascline
as possible from stare to termination of flow ac atrial

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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contraction after the P wave on the simultancously
recorded clectrocardiogram, and the difference in Ay
and ARdur was calculated (ARdur— A,). All measure-
ments were performed by one trained investgator who
was blinded to the clinical data of the subjects.

Differentiation of diastolic filling patterns

Each participant was placed into one of the following
categories of filling pattern after echocardiography: nor-
mal filling, 1.0 < £/A ratio < 1.5 and 140 < D¢T' < 220 ms;
impaired relaxadion, £/A ratio < 1.0 and DeT = 220 ms;
pscudonormal filling 1.0 < F/A ratio < 1.5 and 140 < DeT
< 220 ms, bur S/D ratio < 1; restrictive pattern, £/A ratio
> 1.5 and DeT" < 140 ms [10,25,26).

Clinical endpoints

For survival analysis, observation began on the day of
echocardiography with verified updates through March
2004. All subjects were followed at the National Cardio-
vascular Center in Osaka, and treated by implementation
of standard lifestvle and pharmacologic measures. All
participants were periodically referred to our institution
for blood pressure control and ocher diagnostic pro-
cedures. The CVD events of interest in this study were
myocardial infarction and angina pecroris confirmed by
electrocardiographic changes, coronary angiography or
myocardial scintigraphy findings, swroke confirmed by
clinical symptoms, computed wmography and magnete
resonance angiography or cerebrovascular angiography
findings, and congestive heart failure requiring hospital-
ization. Congestive heart failure was defined by the
Framingham Heart Study criteria [27], which require
the simultancous presence of at least two major criteria,
or one major ¢riterion in conjunction with two minor
criteria [28], and requiring treatment with diurerics,
vasodilators, or andhypertensive drugs. The cause of
death was classified as CVD if there was sudden death
from CVD. All CVD events were determined by an
independent review panel of physicians who were
unaware of the echocardiographic and clinical findings.
Furthermore, patients with clinical evidence of pneumo-
nia or uremia were excluded. For parients who experi-
enced multiple nonfaral episodes of CVD, the analysis
included only the first event.

Statistical analysis

Data are presented as mean = SID for continuous vanables
and as proportions for categorical vaniables. The relation-
ships between the S/D ratio and various parameters were
assessed using univariate hinear regression analysis and
Pearson's correlation cocfficient. The subjects were
divided into two groups according to whether their §/D
ratio was below or above the median value by each sex, and
then the significance of any differences berween groups
was evaluared using unpaired 7 test. Event-free survival
analysis was performed using the Kaplan-=Meier method
to plot the cumulative incidence of CVD according to

median value of the baseline 8/D rano or £/A ratio by each
sex, and the groups were compared by the Mantel log rank
test. Cox proportional hazard analysis was used to examine
the association between variables and the cumulative
incidence of CVD in ¢crude and multivariate models, afrer
accounung for relevant vanables using a P-value of less
than 0.05 as the selection criterion. These effects were
measured by the hazard ratio (HR) and 95% confidence
interval (CI) based on Cox regression models.

We next divided the participants into two groups using
the median value of the EfA rado by each sex, and then
stratified the participants into four groups according to
the respective sex-specific median values of the §/D ratio
in participants with £/A ratio of median or higher or £/4
ratio below the median. One-way analysis of variance
(ANOVA) with Dunnertt’s multiple comparison posttest
was used to analyze data among the four groups. Event-
free survival analysis was performed using the Kaplan—
Meier method to plot the cumulative incidence of CVD.
The relative risk of CVD events in the Cox proportional
hazard analysis was assessed in crude and mulovanate
models, and the cumulative incidence of CVD was cal-
culated using the group with low /D and high £/A as a
reference for cach. A P-value less than (.05 was con-
sidered to be staastically significant. All calculations were
performed using a standard statistical package (JMP 4.0;
SAS Institute, Cary, North Carolina, USA). The authors
had full access to the data and take responsibilicy for its
integrity. All authors have read and agreed to the manu-
SCript as writien,

Results

Clinical features

Bascline clinical and biochemical characteristics of the
study subjects are listed in Table 1. Overall, most of the
toral subjects had ‘normal diastolic funcrion’ or ‘mild
diastolic dysfunction (impaired relaxation)’ [10,25]. LVMI
was significantly higher, and cthe §/D ratio was significantly
lower in male than in female participants (LVMI 1345 +
32.8 versus 119.4 4 33,5 g/m?, S/D ratio 1.57 £ 0.43 versus
1.69 £ 0.39, P < 0.01 respectively). There was no signifi-
cane difference in E/A ratio, Del, PV,, or ARdur — Ay
berween male and female participants. We first examined
simple correlations between the §/D ratio and various
parameters afrer dividing the subjects into two groups
according ro sex. As expected, in both male and female
participants, the /D) ratio was significantly associated with
age (male r= 045, female r=0.36, P < 0.01, respectively).
EfA ratio (male r=—0.60, female r=—-054, P<0.01,
respectively), Dl (male r=0.44, female r=0.39,
P<0.01, respectively), and peak PV -velocity (male
r=0.35, female r=10.23, P<0.01, respectively), but not
LAD (male r=0.04, female r=0.08) and LVMI (male
r=006, female r=0.09). A significant association
berween E/A rario and heart rate ratio was found (male
r=—0.14, female r= —0.16, P < 0.01, respectively). The

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

- 152~



Pulmonary venous flow in hypertension lwashima eral. 801

Table 1 Baseline clinical characteristics of study participants
S/D <« modian S/D > median
Male < 1.51 Male > 1.51
Vanables Total Female < 1.66 Female > 1.66
n 705 354 351
Age (ysars) 616L119 6774132 854 + 8.8’
Male (%) 50.2 50.3 50.4
Body mass ndex (kg/m”) 243+33 242+35 243+3.2
Duration of hypertension (years) 148104 1374104 158 = 10.4'
Smoking status (%)

Never/past/current 523/30.2/18.6 56.0/25.3/18.7 51.0/346'1145
Systolic blood pressure (mmtg) 1442 =158 1428+ 15.1 14556+ 161"
Diastolic blood pressure (mmHg) 81.5+10.6 8.7+ 110 Bi.1 £ 10.2
Pulse pressure {mmHg) 62,7 + 14.0 61.1 £13.7 6434141
Heart rates (bpm) 66088 BEA4 LG 67.2+8.0
Diabetes (%) 234 215 25.4
Total cholesterol (mmolll) 5.22 +0.82 5.24 +0.82 5.21 =082
Triglycandes (mmal/i) 1.51 = 1.05 1.52%1.20 1.49 £ 0.88
High-density lpop b d ] 1.31 =040 135+ 0.41 1,27 +0.37
LAD (em) 3.83 £ 0.47 361 £ 048 365+ 045
LVMI (g/m?) 126.9 + 34.0 1231 4 35.0 130.4 + 32.5'
Ejection fraction (%) MN7T+789 (ARES: 8] 722477
Peak E-velocity (m/a) 0.70+0.16 0.76+0.16 0.65+0.15
Peak A-velocity (m/a) 0B3L0.8 078107 0BE 0,18
E/A ratio 0.88 £0,27 1.01 £+0,28 0,76 + 0.20'
DeT (ma) 2322+ 4886 215.7 +30.4 2486 = 50.9'
Ay ms) 145.7 =220 143.0£21.6 1484 £223'
Peak PV, velocity (m/s) 083+£0.12 050£0.11 067 +0.12'
Peak PV, welocity (m/s) 040+ 0,10 046 + 0.11 0.35+0.07'
S/D ratio 1.63 + 0.42 1.31 £0.21 1,85+ 0.32'
Peak PV, velocily (m/s) 0.20 + 0.08 0.27 + 0,07 0.30 = 0.08'
ARdur (ma) 116.0 +22.7 113.9 £ 231 1ea+22y
ARdur — Ay ma) 2074285 2031204 30.0 £270.7
Drastobc filkng patterns (%)

Normal filling 25.0 37.8 12,0

Impaired relaxation 73.3 58.8 88.0'

Peaudonormal filling 1.4 28 o

Restrictive filing 03 08 o
Antiypertensive medication (%) 78.7 76.4 832"

Calcum channel blocker 66.5 625 705"

Beta-blocker 26.9 30.2 23.8°

ACEl or ARB 34,2 331 353

Diuretic 17.2 14.7 18.7
ACEl ang mhibutor; A, the d of atrial fillng wave; ARB, gl recaptor blocker; ARdur, the duration of flow at atnal contraction; A-velocity
:mmalmummmum.&r the decak tame of aarly diastok vahﬂ EJA, tha rabio of paak eary 1o late diestohe hilng velocty, E-vilocity, the paak of sarty
dnuwk phaufin:LADlanm  LVML, et ! mmmoexw p\ﬁnwnmverwdrmd PV, peak diastolic forward flow velocity: PV,, peak systolic
forward y; SID, puk y ystol y y L SDorp ge.*P < 0.05and' P 0,01 versus /0 < median.

S/D ranio, however, was significantly associated with hearr
rate in male (= 0.11, P < 0.05), bur not in female partici-
pants (r=0.03, NS).

Predictive value of E/A ratio and S/D ratio for
cardiovascular disease

Dunng the follow-up period, 56 patients (7.9%, 23
females) developed CVID). Specifically, there were 27
patienes with nonfaral congestive heart failure, 11 with
stroke, six with myocardial infarction, three with angina
pectoris, and nine patients died from CVID) causes.
Among those who developed CVD, 50 paucnts had
impaired relaxation, five with normal diastohic funcrion
and one with pscudonormal filling at baseline. The S/D
ratio was significantly higher and the F/A ratio was
significantdy lower in patients who developed CVD
during the follow-up period than in event-free subjects

median values for men and women were used to separate
the high and low S§/D ratio groups (male < 1.51, female
< 1.66). The group with a high 8/0 ratio showed signifi-
cantly older age, longer duration of hypertension, higher
pulse pressure, LVMI, DeT, Ay, peak PV, and ARdAur, and
lower high-density lipoprotein cholesterol than those
with a low 8/D rauo (Table 1). Life rable analysis of
CVD throughout the follow-up period in the two groups
based on the §/D ratio is plotred in Fig. 1. These curves
illustrate the significantly poorer evenr-free survival in
the group with a high 8/0) ratio. When the analysis was
also performed by applying the sex-specific median
values of E/A ratios to separate the high group from
the low group of E/A ratio (male < 0.84, female < 0.82),
the group with low E/A showed a significantly poorer
event-free survival rate (log-rank x° = 16.345, P< 0.01). A
univariate Cox proportional-hazard model showed thar a

(S/D ratio 1.78£039 versus 1.62+042, E/A rato high $/D rano (HR 1.448, 95% CI 1.10-1.93, P< 0.01)
0.75+0.18 versus 0.89+0.28, P<0.01, respecrively). and a low E/A ratio (HR 1.784, 95% CI 1.34-2.44,
Because of the sex difference in 8/D ratios, different P<0.01) were significant predictors of CVD events.
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Cardiovascular event-free survival in two groups with baseline peak
velocity ratio of the pul y venous systolic to diastolic wave (S/0)
< or > median value (log-rank x*=7.101, P<0.01).

Furthermore, even when the S/D and E/A ratios were
included in a univariate model as continuous variables, a
significantly higher risk of CVD events was found in
these ratios (87D rato, HR 1.09 for each 0.1 increase,
95% CI 1.03-1.15; E/A ravio, HR 0.75 for cach 0.1
increase, 95% CI 0.66-0.86, P < 0.01 respectively). Ocher
variables in this study thac significantly predicted CVD
events included LVMI (HR 1.02 for cach 1.0g/m®
increase, 95% CI 1.01-1.02, P<0.01), LAD (HR 1.01
for each 0.1 cm increase, 95% CI 1.00-1.01, P< 0.01), age
(HR 1.06 for each l-year increase, 95% CI 1.03-1.09,
P <0.01), diabetes (HR 1.45 for yes, 95% CI 1.10-1.89,
P =0.010), and pulse pressure (HR 1.03 for cach 1 mmHg
increase, 95% CI 1.02-1.05, P<0.01). Sex, body mass
index, duration of hypertension, smoking seatus, systolic
and diastolic blood pressure, heart rate, total cholesterol,
tnglycenides, high-density lipoprotein cholesterol, ejec-
tion fraction, and A Rdur— A, were included in the model,
but failed to be significant predictors of CVD events,
After adjusting for other risk factors (LVMI, age, dia-
betes, pulse pressure, and 1.AD) in multivanate Cox
regression analysis, independence of the §/0 (HR 1.07
for cach 0.1 increase, 95% CI1 1.01-1.14, P=0.033) or /A
ratios (HR 0.82 for cach 0.1 increase, 95% CI 0.71-0.94,
P < 0.01) as predictors of CVD events was found. Because
heart rate 1s one of the most important physiological
correlates of all paramerers of diastolic function, we
further performed the mulavariate Cox  regression
analysis after heart rate was added in cthe model, and
found thar the §/D (HR 1.07 for each 0.1 increase, 95% CI
1.00-1.14, P=0.039) or E/A (HR 0.83 for each 0.1
merease, 95% CI 0.71-0.95, P < 0.01) ratios were inde-
pendent predictors of CVD events.

Predictive value of DcT, PV, and ARdur— A, for
cardiovascular disease

DeT was significantly longer in patients who developed
CVD dunng follow-up (252.4 £ 46.2 versus 2304 £ 48.4

ms, P<0.01), whereas PV, and ARdur— Ay were nort
significantly longer in these patuents (PV, 2879 £7.03
versus 28.69 +7.93m/s, P=0.926; ARdur— Ay —=31.61 +
27.21 versus —29.50 + 28.62 ms, P =0.592). Even though
the prognostic value of Del"was significant in a univariate
model (HR 1.60 for each 50 ms increase, 95% CI 1.28-
1.99, P < 0.01), the independence of DeT'as a predictor of
CVD events was lost in the mulavanate model (HR 1.29
for cach 50 ms increase, 95% CI 0.99-1.66, P =0.063).

Incidence of cardiovascular disease jointly with S/D
ratio and E/A ratio

T'o assess the combined effeces of the §/D and E/A ratios,
we constructed survival curves after dividing the subjects
into two groups using the median value of the £/A radio by
cach sex, and then stratfied the subjects into four groups
according to the sex-specific median values of the 87D
ratio in the group with £/A rado of median or above
(/D ratio male 1.31, female 1.51) and that with E/A ratio
under the median (8/D raco male 1.77, female 1.81). Asa
result, the particpances were divided into four groups as
follows; low 87D and high E/A, high 8/D and high £/A, low
S/D and low E/A, and high 8/D and low E/A. The bascline
clinical and biochemical characteristics of the study sub-
jects are shown in Table 2. Compared with the group with
low 8/D and high E/A, the group with high §/D and low
E/A showed an increased risk of cardiovascular morbidiry,
such as significandy longer duration of hypertension,
higher prevalence of diabetes, higher pulse pressure,
and worse dyslipidemia. Life table analyses of CVD
throughout the follow-up period according to the four
groups of bascline £/A and S/D ranos are plotred in
Fig. 2. These curves illustrate the significantly poorer
cvent-free survivalin the group with high §/0 and low E/A.
We next performed Cox regression analysis to examine
whether the influence of a high §/D ratio and low £/A
ratio on CVD events was independent of other risk factors
(‘T'able 3). T'he nsk of CVD was significantly higher in the
group with high /D and low E/A compared with that in
the group with low §/D and high £/A (HR 2.66). In
multivariate Cox regression analysis including LVMI,
age, diabetes, pulse pressure, and LAD, the combinartion
of high S/D ratio and low £/A ratio was an independent
predictor of CVD (HR 2.16). Furthermore, even when the
group with low §/D and low E/A was used as a reference,
the group with high §/D and low £/A had a significantly
higher risk of CVD events in univanate Cox regression
analysis (HR 1.535, 95% CI 1.13=2.19, P<0.01) and in
a muldvariate model (HR 148, 95% CI 1.07-2.10,
P <0.02).

In addition, we further performed multivariate Cox
regression analysis after heart rate was added in the
model, and found char the risk of CVID was significantly
higher in the group with high §/D and low E/A than thatin
the group with low §/D and high E/A (HR 2.14, 95% CI
1.38=3.66, P<0.01).
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