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Blood Pressure Levels and Bleeding Events During
Antithrombotic Therapy
The Bleeding With Antithrombotic Therapy (BAT) Study

Kazunori Toyoda. MD; Masahiro Yasaka, MD; Shinichiro Uchiyama, MD:; Takehiko Nagao, MD;
Jun Gotoh, MD; Ken Nagata, MD; Yukihiro Koretsune, MD; Tomohiro Sakamoto, MD;
Kazunori Iwade, MD; Masahiro Yamamoto, MD; Jun C. Takahashi, MD; Kazuo Minematsu, MD;
on behalf of The Bleeding With Antithrombotic Therapy (BAT) Study Group

Background and Purpose—A prospective, multicenter, observational cohort study was conducted to clarify the association
between major bleeding events and blood pressure (BP) levels during follow-up before development of bleeding events
in antithrombotic users.

Methods—A rotal of 4009 patients taking oral antithrombotic agents for cardiovascular or cerebrovascular diseases (2728
men, 6910 years old) were followed. Changes in systolic and diastolic BPs between entry and the last clinic visit
before intracranial hemorrhage (ICH) or extracranial hemorrhage were assessed.

Results—Over a median follow-up of 19 months, ICH developed in 31 patients and extracranial hemorrhage developed in
77. Entry BP levels were similar among patients with ICH, those with extracranial hemorrhage, and those without
hemorrbagic events. Both systolic BP and diastolic BP were relatively high during follow-up as compared with the
levels at entry in patients with ICH, whereas they showed plateaus in patients with extracranial hemorrhage and patients
without hemorrhagic events. Average systolic BP levels between | and 6 months (hazard ratio, 1.45; 95% CI, 1.08 1o
1.92 per 10-mm Hg increase) and between 7 and 12 months (hazard ratio, 1.47; 95% CI, 1.05 to 2.01) as well as average
diastolic BP levels between 7 and 12 months (hazard ratio, 2.05; 95% CI, 1.15 to 3.62) were independently associated
with development of ICH after adjustment for established ICH predictors. The optimal cutoff BP level to predict
impending risk of ICH was =130/81 mm Hg using receiver operating characteristic curve analysis.

Conclusions—An increase in BP levels during antithrombotic medication was positively associated with development of
ICH, suggesting the importance of adequate BP control for avoiding ICH. BP levels did not appear to be associated with
extracranial hemorrhage. (Stroke. 2010;41:1440-1444.)
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Antithrombotic therapy is regarded as an essential pri-
mary and secondary preventive strategy for cardiovas-
cular diseases and stroke.'? However, bleeding events are
inevitable complications’ of this therapy; in particular, intra-

Perindopril Protection Against Recurrent Stroke Study
(PROGRESS), in which 72% of enrolled patients with stroke
were receiving antiplatelets and 10% were receiving antico-
agulants, ICH was reduced by half after mean blood pressure

cranial hemorrhage (ICH) is a typical life-threatening event.3
Carefully regulated warfarin therapy to international normal-
ized ratios between 2 and 3 doubles the risk of ICH, and
aspirin increases the risk by approximately 40%.*
Hypertension is a firmly established risk factor for ICH in
the general population® as well as in warfarin users.* In the

(BP) -lowering by 9/4 mm Hg.¢ Thus, adequate antihyperten-
sive therapy seems to prevent ICH during antithrombotic
therapy. This raises an essential issue: whether antithrombotic
users who finally developed ICH and other bleeding events
had high BP levels throughout follow-up as well as how such
patients’ BP levels changed during follow-up.
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To determine the incidence and severity of bleeding
complications in patients with cardiovascular diseases and
stroke treated with oral antithrombotic therapy in Japan, a
prospective, multicenter, observational study (the Bleeding
with Antithrombotic Therapy [BAT] Study) was conducted.
In its initial report of the overall results, adding antiplatelets
to warfarin or single antiplatelet therapy doubled the risk of
life-threatening -or major bleeding events.” Here, the ussoci-
ation between these patients” BP levels during follow-upand
development of bleeding events was determined.

Patients and Methods

The BAT Study was a prospective, multicenter. observational cohort
study on the incidence and severity of bleeding complications in
antithrombotic users. A total of 4009 patients (2728 men, 6910 years
[mean£SD]) who were taking oral antiplatelet agents or warfarin for
cardiovascular or cerebrovascular diseases were consecutively enrolled
from 19 stroke and cardiovascular centers that were balanced regionally
in Japan and observed for 2 10 30 months between October 2003 and
March 2006. The study protocol, inclusion/exclusion criteria, and
general results were published previously.” The medical ethics review
boards of the participating institutes approved the study protocol. and all
patients provided written informed consent.

Based on bleeding events during follow-up, the patients were
divided into 3 groups: an “ICH group” for the patients developing
any symptomatic ICH; an “extracranial hemorrhage (ECH) group”
for those developing a life-threatening or major bleeding event other
than ICH; and a “non-H group” for those without any life-threatening
or major bleeding event. Bleeding events were classified according
to the definition by the Management of ATherothrombosis with
Clopidogrel in High-risk patients with recent transient ischemic
attack or ischemic stroke study (MATCH).3 Briefly, life-threatening
bleeding was defined as: any fatal bleeding event; a drop in
hemoglobin of 250 g/L; hemorrhagic shock; symptomatic ICH; or
transfusion of =4 U of red blood celis. Major bleeding was defined
as significantly disabling, severe intraocular bleeding, or transfusion
of =3 U of red blood cells. Secondary hemorrhagic transformation
of an ischemic stroke was not regarded as a bleeding event. When the
patients developed a life-threatening or major bleeding event, obser-
vation was discontinued,

Comorbidities (ischemic and hemorrhagic stroke, heart disease,
neoplasms, and liver cirrhosis) and cardiovascular risk factors
(hypertension, diabetes mellitus. hypercholesterolemia, hypocholes-
terolemia [serum total cholesterol <130 mg/dL. on enrollment],
current or previous smoking habit, and alcohol consumption =2
drinks per day) listed in this study were the same as those in the
previous study.” Follow-up evaluations were normally performed
every month: each time, BP was measured using a mercury
sphygmomanometer.

Statistical Methods A

All analyses were performed using JMP 7 statistical software (SAS
Institute Inc, Cary, NC). Average levels of systolic and diastolic BPs
(SBP and DBP, respectively) between 1 and 6 months, between 7
and 12 months, and after 13 months as well as the levels at entry
were assessed for the Cox proportional hazards regression analysis.
BP levels at the last clinic visit of the observation period (the last
visit before bleeding events Tor the ICH and ECH groups) and the
average BP levels of all the follow-up measurements except for the
levels at entry and at the last visit were assessed for the annual
incidence and 95% Cls of ICH and the receiver operating character-
istic (ROC) curves analysis. To compare baseline clinical character-
istics and BP levels among the ICH, ECH, and Non-H groups, 1-way
factorial analysis of variance with post hoc comparison by Dunnett
test (with Non-H patients as control subjects) was used for contin-
uous variables, and the ¥ test was used for categorical variables. To
examine the associations of BP levels and their changes with the
development of ICH, a Cox proportional hazards regression analysis
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was performed using a forced entry method of established ICH
predictors, including sex, age, hypertension, diabetes mellitus, cur-
rent or previous smoking habit, alcohol consumption, prior cerebro-
vascular disease, and use of warfarin. Goodness of fit of the
statistical model was tested using the likelihood ratio in the Whole
Model Test and Akaike information criterion. Finally, the optimal
cutoff BP levels to predict impending development of ICH (in other
words, to predict the last clinic visit before ICH) were determined
using ROC curves based on all the BP measurements during
follow-up. A probability value <0.05 was considered statistically
significant.

Results
Of 4009 enrolled patients, 1891 (47.2%) were taking single
antiplatelet agents, 349 (8.7%) were taking dual antiplatelet
agents, 1298 (32.4%) were taking warfarin, and 471 (11.7%)
were taking warfarin plus antiplatelet agents. The main

" antiplatelet agents used in the enrolled patients were de-

scribed previously.” Briefly. aspirin monotherapy, ticlopidine
monotherapy, and aspirin plus ticlopidine were the major
choice for both antiplatelet users (1340, 394, and 220 pa-
tients, respectively) and warfarin plus antiplatelets users (336,
69, and 49 patients, respectively). At entry, the median
international normalized ratio was 1.97 (interquartile range.
1.69 to 2.33) in warfarin users (taking warfarin alone or
warfarin plus antiplatelets).

During the median observation period of 19 months (in-
terquartile range, 13 to 23 months), 108 life-threatening or
major bleeding events, including 31 ICH and 77 ECH.
occurred. In warfarin users, the median international normal-
ized ratio at entry was 2.06 (interquartile range, 1.95 to 2.30)
in the ICH group, 2.06 (1.65 to 2.46) in the ECH group, and
1.96 (1.69 to 2.33) in the Non-H group (P=0.149); and the
median international normalized ratio at the last visit before
bleeding events or on the day of the event was 2.28 (1.74 to
2.68) in the ICH group and 2.24 (1.75 to 3.06) in the ECH
group (P=0.993). Among the 3 groups, observation period

(P<0.001), age (P=0.003), use of warfarin (P=0.002), and:

neoplasm (P=0.013) were significantly different (Table 1).

Figure 1 shows the time courses of the BP levels. Both SBP
and DBP levels at entry were similar among the 3 groups
(Table 1). During follow-up, both SBP and DBP were
relatively high as compared with the levels at entry in the ICH
group, and they plateaued in the ECH and Non-H groups. BP
levels were not significantly different among the 3 groups in
any BP measurements.

The association of BP with the development of ICH was
determined after adjustment for sex, age, hypertension, dia-
betes mellitus, current or previous smoking habit, alcohol
consumption, prior cerebrovascular disease, and use of war-
farin (Table 2). Average SBP levels between 1 and 6 months
(hazard ratio [HR], 1.45; 95% CI, 1.08 to 1.92 per 10-mm Hg
increase) and between 7 and 12 months (HR, 1.47; 95% CI,
1.05 10 2.01) as well as average DBP levels between 7 and 12
months (HR, 2.05; 95% CI, 1.15 to 3.62) were independently
associated with ICH. The probability value of likelihood ratio
in the Whole Model Test after multivariate adjustment was
0.055 for SBP at entry, 0.007 for average SBP between | and
6 months, 0.014 for average SBP between 7 and 12 months,
0.114 for average SBP after 13 months, 0.066 for DBP at
entry, 0.046 for average DBP between 1 and 6 months, 0.010
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Table 1. Patients’ Baseline Clinical Characteristics
ICH ECH Non-H P
Patient no. 31 77 3001
Qbservation period,
months 11 {5-14) 11 (6-14) 19 (14-23) <0.001
Age, years 737 71+10 6910 0.003
Male 81% 75% 69% 0173
Use of warfarin* 61% 61% 44% 0.002
Comorbidities
Ischemic stroke 68% 44% 55% 0.060
Hemorrhagic stroke 6% 1% 2% 0.122
Heart disease,
arrhythmia 77% 74% 67% 0.217
Neoplasm 19% 12% 7% 0.013
Liver cirrhosis 6% 4% 2% 0.197
Risk factors
Hypertension 65% 57% 61% 0.746
Diabetes mellitus 26% 34% 26% 0.296
Hypercholesterolemia 36% 32% 42% 0.173
Hypocholesterolemia 3% 1% 1% 0.152
g?#;’x?g habi 19% 10% 14%
0.269
Smoking habit,
previous 28% 47% 36% ]
Alcohol congumption 10% 6% 5% 0.413
SBP at entry, mm Hg 134.6x=13.2 130.8+185 1325x17.9 0.597
DBP at entry, mm Hg 7484123 745+104 75.6x11.0 0.672

Data are medians (interquartile range) for the observation period,
means=SD for age and BP, and percent of patients for others.
*Taking warfarin alone or warfarin plus antiplatelets.

for average DBP between 7 and 12 months, and 0.117 for
average DBP after 13 months. Thus, SBP between 1 and 6
months, SBP between 7 and 12 months, and DBP between 7
and 12 months showed relatively good fitness. Akaike infor-
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Figure 1. Time courses of BP. Average levels of SBP and DBP
between 1 and 6 months, between 7 and 12 months, and after
13 months as well as the levels at entry are plotted. ICH indi-
cates patients developing any symptomatic ICH; ECH, patients
developing a life-threatening or major bleeding event other than
ICH; Non-H, patients without any life-threatening or major
bleeding event. All patients are.included at entry and during 1
and 6 months; 21 patients with ICH, 53 patients with ECH, and
3293 Non-H patients are included during 7 and 12 months; and
13 patients with ICH, 30 patients with ECH, and 2836 Non-H
patients are included after 13 months.

Table 2. Multivariate-Adjusted HR and 95% Gl of BP
Parameters for Development of ICH*

HR 95% Gl P

SBP

Level at entry 1.09 0.88~-1.34 0.435

Mean level between 1 and 6 months 145 1.08-1.92 0.013

Mean level between 7 and 12 months 1.47 1.05-2.01 0.026

Mean level after 13 months 1.29 0.93-1.76 0.120
DBpP

Level at entry 0.97 0.68-1.39 0.880

Mean level between 1 and 6 months 1.28 0.78-2.13 0.337

Mean leve! between 7 and 12 months 2.05 1.15-3.62 0.016

Mean level after 13 months 1.50 0.89-2.53 0.126

*Per 10-mm Hg increase. Adjusted for sex, age, hypertension, diabetes
mellitus, current or previous smoking habit, alcohol consumption, prior
cerebrovascular disease, and use of warfarin.

mation criterion was 446.4, 438.1, 326.4, and 204.4 for each
SBP measurement and 447.0, 443.3, 325.6, and 204.5 for
each DBP measurement, respectively. Based on Akaike infor-
mation criterion, SBP and DBP after 13 months were better than
other BP measurements in regard to goodness of fit,

Because the observation was discontinued within 6 months
or within 12 months for many patients, especially for those
with ICH and ECH, the following analyses were performed
using BP levels at the last clinic visit and the average BP
levels of all the follow-up measurements except for the levels
at entry and at the last visit. At the last visit, both SBP and
DBP were higher in the ICH group than in the Non-H group
(141.7+13.6/81.3x10.3 mm Hg versus 132.4%17.8/
74.7x10.9 mm Hg, P=0.011 for SBP and P=0.003 for
DBP). Figure 2 shows annual incidence of ICH according to
BP levels. ICH risk increased linearly as both SBP and DBP
levels at the last clinic visit increased; the risk did not increase
linearly as BP levels at entry or those during follow-up
increased.

To predict the impending development of ICH, the optimal
cutoff SBP level determined using ROC curves was
=130 mmHg with a sensitivity of 89.3%, specificity of

—o— BP at entry

-t BP during follow-up
—o— BP at the last visit
1.5

05

Annual incidence of ICH (%)

~130 111- 121- 131- 141 151
(mmHg)

60 61- &7- 73- 79- 85
(mmHg)

Figure 2. Annual incidence of ICH according to SBP and DBP

levels. Bars indicate 95% Cli for BP at the last clinic visit, “BP

during follow-up™ means average BP levels of all the follow-up
measurements except for the levels at entry and at the last visit.
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41.8%, and an area under the ROC curve of 0.659; the
optimal cutoff DBP level was =81 mm Hg with a sensitivity
of 53.6%, specificity of 74.2%, and an area under the ROC
curve of 0.676, Both SBP3 =130 mm Hg (OR, 6.23; 95% CI,
2.16 to 26.35; P<0.001) and DBP3 =81 mm Hg (OR, 3.49;
95% Cl, 1.64 to 7.52; P=0.001) were independently associ-
ated with ICH after adjustment for the 8 established ICH
predictors.

Discussion

A major new finding of the present observational study was
that BP levels during the follow-up, but not the level at entry,
were independently associated with the development of ICH.
In particular, ICH risk increased linearly as BP levels at the
last clinic visit increased. The estimated cutoff BP level to
predict impending risk of ICH was =130/81 mm Hg. BP
levels did not appear to be associated with major systemic
(excluding intracranial) bleeding events,

Hypertension is an established modifiable risk factor for
ICH during warfarin therapy along with intensity of antico-
agulation, concomitant use of antiplatelets, and smoking and
heavy drinking habits.* However, major trials involving antico-
agulant users failed to show entry BP level as a predictor for
major bleeding events.>~!! To resolve the contradiction, we
designed the present study, which assessed BP levels during
follow-up. The present antithrombotic users developing ICH
had approximately 2 to 4 mm Hg higher entry SBP than those
without bleeding events, which was not statistically signifi-
cant. However, their SBP and DBP increased by an average
of approximately 4 mm Hg at the follow-up as compared with
at entry, and this increase may trigger ICH. Such an increase
might result from careless BP management or resistance to
antihypertensive therapy. Regardless of the cause, avoidance
of a BP increase would lessen the risk for ICH.

Based on differences in average BP levels at the last visit
between the ICH group and the other 2 groups, we hypoth-
esized that the cutoff SBP level to predict impending devel-

_opment of ICH was roughly between 132 and 142 mm Hg,
and the cutoff DBP level was roughly between 75 and
81 mmHg. After ROC curve analyses, 130/81 mm Hg
appears to be the cutoff level. Although the statistical power
judged from the area under the ROC curve is not strong, this
cutoff level seems to be reasonable, because recent guidelines
from the Buropean Society of Hypertension and the European
Society of Cardiology and those from the Japanese Society of
Hypertension advocated <130/80 nun Hg as the target BP
level in diabetics and in high- or very-high-risk patients.!2.13
Real target BP levels during antithrombotic therapy should be
determined by systematic comparative trials.

Combination therapy with antithrombotics and antihyper-
tensives appears to be preventive for ICH. In the interim
report of the Secondary Prevention of Small Subcortical Strokes
(www.sps3.org/), in which SBP was lowered to <149 mm Hg or
<130 mm Hg, risk of ICH was less than expected in patients
with stroke taking aspirin alone or aspirin plus clopidogrel
(personal communication). Success in reducing ICH in
PROGRESS, in which 82% of enrolled patients were receiv-
ing antithrombotics, was reviewed.® On the other hand, an
angiotensin receptor blocker, telmisartan, did not reduce the
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risk of ICH for antiplatelet users who recently had ischemic
stroke in the Prevention Regimen for Effectively Avoiding
Second Strokes (PRoFESS) study (HR, 0.81; 95% CI, 0.63 to
1.05)4; the relatively small number of patients developing
ICH may be a reason for this failure to show an effect.

Major systemic (not intracranial) bleeding events devel-
oped under identical BP levels as those in our patients
without major bleeding events. This indicates that hyperten-
sive dumage to gastrointestinal, dermal. and other systemic
circulations is milder than the damage to cerebral circulation.
Preventive strategies other than antihypertensives, including
proton pump inhibitors and H2 receptor antagonists, appear to
be promising for reducing gastrointestinal bleeding.!5-16

The limitations of the present study include the relatively
short duration of the observation period and the small
numbers of bleeding events as a result, which may affect the
statistical results and made it difficult to perform subanalyses
for patients with different clinical backgrounds and different
antithrombotic regimens. Second, information on patients’
antihypertensive therapy was not given. Third, clopidogrel, a
universal antiplatelet agent, was not used in our patients
because the agent was approved for use in Japan in 2006,
after the study was finished. Finally, data of many patients
were not included in the analysis of the follow-up BP
measurements during 7 and 12 months and after 13 months
partly because of early discontinnance of the observation due
to bleeding events. To overcome this limitation and to
introduce a message that BP levels at the last clinic visit are
important for ICH risk, we used the BP levels at the last visit
for some analyses, including the ROC. However, it is not
originally appropriate to use the last available measurement
as a predictor of a bleeding event in a prospective study.

Because ischemic events are much more common than
bleeding events, the use of antithrombotic agents has been
increasing. The present study suggests that one should be
careful to avoid BP elevations in antithrombotic users, and it
is important to lower their BP adequately to avoid ICH.
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Confirmation of an Association of Single-Nucleotide

Polymorphism rs1333040 on 9p21 With Familial and
Sporadic Intracranial Aneurysms in Japanese Patients

Hirokuni Hashikata. MD; Wanyang Liu, MD, MPH; Kayoko Inoue, MD, MPH, PhD;
Yohei Mineharu, MD, PhD; Shigeki Yamada, MD, PhD; Shanika Nanayakkara, MD; Norio Matsuura;
Toshiaki Hitomi, PhD; Yasushi Takagi, MD, PhD; Nobuo Hashimoto, MD, PhD;
Susumu Miyamoto, MD, PhD; Akio Koizumi, MD, PhD

S

Background and Purpose—QGenetic factors are important determinants of intracranial aneurysm (IA). Recently, a
multinational. genome-wide association study identified 3 loci associated with IA, located on 2q (rs700651), 8q
(rs10958409), and 9p (151333040 and rs10757278). The aim of this study was to evaluate these associations.

Methods—Familial and sporadic cases were investigated. Familial cases, consisting of 96 subjects with IA, and 46 subjects
of unknown status from 31 pedigrees were analyzed with the transmission disequilibrium test and linkage analysis.
Associations of single-nucleotide polymorphisms (SNPs) with IA were tested in 419 sporadic IA cases and in 408
control subjects. Sequencing of CDKN2A, CDKN2B, and CDKN2BAS revealed additional SNPs, and their associations

with IA were also tested.

Results—The transmission disequilibrium test revealed associations of 2 SNPs, rs700651 (P=0.036) and rs1333040
(P=0.002), with familial IA. Analysis of SNPs in sporadic cases revealed an allelic association of rs1333040 with IA
(odds ratio=1.28; 95% CI, 1.04~1.57; P=0.02) but failed to show associations of rs10757278 and rs496892 with IA.
We sequenced 3 candidate genes; CDKN24, CDKN2B, and CDKN2BAS. All 6 index cases from IA families had the
rs1333040-T allele and SNPs (rs10965215, rs10120688, and rs7341791) in CDKN2BAS. None of these SNPs had
linkage disequilibrium with rs1333040 and was associated with IA.

Conclusions—A region between introns 7 and 15 of CDKN2BAS carrying the rs1333040-T allele may confer risk for IA. (Stroke.

2010;41:1138-1144.)

Key Words: genetics m intracranial aneurysm m association study m CDKN2BAS m single-nucleotide polymorphisms

Subaraclmoid hemorrhage (SAH) is fatal in =~50% of
cases, and significant disability is caused in ~30% of
cases, despite the diagnostic and therapeutic developments
of the past few decades.’? In Japan, the total annual mortality
rate for SAH was estimated to be 22.5 per 100 000 person-
years.® Rupture of intracranial aneurysm (TA) accounts for
>90% of SAH cases.> Both environmental and genetic
factors are associated with IA%S

To clarify the genetic component of IA, we previously
conducted genetic studies by using a multiplex IA family
approach. Nonparametric linkage analysis revealed 3 loci
located on [7cent, 19q13, and Xp22,® and parametric analysis
revealed a locus on 19ql37 On 17cent, we found
TNFRSF13B to be a candidate gene for JA.8 Several other
studies have revealed several loci or candidate genes in
different populations.®-1®

In 2008, Helgadottir et al® reported that the locus tagged
by rs10757278 on chromosome 9p21 is a risk factor for IA,
but not for diabetes mellitus. Bilguvar et al** reported a
multistage, genome-wide association study of European and
Japanese populations and identified 3 common single-nucle-
otide polymorphisms (SNPs) associated with IA on chromo-
somes 2q, 8q, and 9p. The aim of the present study was to
investigate whether these associations could be replicated in
the multiplex 1A families and in sporadic Japanese IA cases.

Subjects and Methods
Study Population

Subjects from 2 groups participated, The first group consisted of
subjects from previously reported families and from 3 additional
families: 96 cases (male n=33; female n=63) from 3] pedigrees
(Figure 1). Among the 29 previously reported pedigrees,® some of
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Figure 1 Pedigrees of families with A and genotypes of individuals for rs700651 and rs1333040. Genotypes of 86 aflected members
are shown. Some cases have died since donating DNA samples. The identification numbers of the pedigrees are the same as previ-
ously reported.s® Owing to depletion of DNA, pedigree 26 was eliminated from the figure.

the affected members could not be genotyped for rs700651,
rs10958409, and rs1333040 because the DNA was exhausted by use
in previous studies.

Pedigrees were recruited as previously reported.® In short, when
cases had =3 living family members with TAs or =2 living family
members with SAH, including the index cases, their families were
regarded as suitable for the present study. The index cases were
confirmed to have saccular aneurysms from medical records. Clini-
cal interview and screening by magnetic resonance angiography was
performed in all available relatives age 30 years or older. In subjects

suspected to have IAs large enough for clinical intervention, an
additional examination (digital subtraction angiography or
3-dimensional computed tomography angiography) was conducted.

- Inaddition, 46 pedigree subjects (inale n=24; female n=22) who did

not meet the original inclusion criteria for genetic analysis because of
their young age or phenotypic uncertainty were genotyped for the
current study.

The second group consisted of 419 sporadic unrelated cases (male
n=142; female n=277) and 408 unrelated controls {male n=196;
female n=212) collected from several collaborative hospitals in
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Japan. Sporadic cases were diagnosed by digital subtraction angiog-
raphy or were confirmed to have IAs during surgery. Control
subjects met the following criteria: (1) confirmation of the absence of
IA by digital subtraction angiography, magnetic resonance angiog-
raphy. or 3-dimensional computed tomography angiography; (2) an
age al examination of =40 years; (3) no medical history of any
stroke, including IA or SAH; and (4) no family history of IA or SAH
in first-degree relatives.

For all affected participants, except the 46 newly genotyped
subjects, past history, lifestyle (current smoking habit and drinking
habit), and comorbidity were cxamined from clinical records or from
questionnaires conducied during interview, as previously reported.
For the 46 newly genotyped subjects, only their ages and relation-
ships within pedigrees were known, whereas their IA status, comor-
bidities, and lifestyles were unexplored. The participation of these
individuals was expected to provide greater genotype certainty in the
family studies. We excluded cases or families with autoimmune
diseases (including systemic lupus erythematosus, rheumatoid arthri-
tis, and Takayasu arterilis) or known heritable diseases (including
Ehlers-Danlos syndrome type IV, Marfan syndrome, neurofibroma-
tosis type 1, and autosomal-dominant polycystic kidney disease).

This study was approved by the ethics committee of the Kyoto
University institutional review board, and appropriate informed
consent was obtained from all subjects.

Genotyping

We performed genotyping of 8 SNPs (15700651, rs10958409,
rs496892, rs10965215, rs10120688, 151333040, 157341791, and
rs10757278) by using the polymerase chain reaction invader assay
with TagMan probes (Applied Biosystems TagMan SNP genotyping
assays, Foster City, Calif). The rationale for selecting the 9p SNP set,
rs496892, rs1333040. and rs10757278, was the linkage disequilib-
rium (LD) structure of SNPs on 9p21.3. The LD block can be divided
into 2 major blocks: | associated with vascular diseases (vascular
disease block) and | with diabetes mellitus (diabetes block).?® The
SNPs selected are in the vascular disease block.20-22 The physical
distances between rs496892 and rs1333040 and between rs1333040
and rsi0757278 are 59 and 41 Kb, respectively. rs10965215,
rs10120688, and rs7341791 were selected on the basis of the
sequencing results of cyclin-dependent kinase inhibitor 2B antisense
RNA (CDKN2BAS).

Linkage Analysis and Transmission Disequilibrium
Test for A Pedigrees

Two-point nonparametric Jogarithm of the odds scores were calcu-
lated with GENEHUNTER (version 2.1_r6)? for 3 SNPs (rs700651,
rs10958409, and rs1333040) in the 96 affected members and in the
46 newly genotyped subjects with a disease frequency of 0.001, a
phenocopy frequency of 0.02, and a penetrance of 0.70.5 Allele
frequencies of markers were set at those in controls.

To test for association of SNPs with the familial IA phenotype, we
conducted the transmission disequilibrium test with TDTae software
developed by Gordon et al.>* We selected GHLO (Gordon Heath Liu
Oty error model parameters without setting the mode “inheri-
tance.”s In these analyses, phenotype was treated as “unknown” for
the 46 newly genotyped subjects.

Association Study of SNPs With 1A

An association study was performed on the 419 sporadic unrelated
cases and 408 unrelated controi subjects wit the SNP&Variation
suite v7 (Golden Helix Inc, available at http://www.goldenhelix.
com/) with or without adjustment for covariates, including sex, age,
current smoking habit, and hypertension. D’ and r* values were also
calculated for SNPs around rs1333040. Statistical power was esti-
mated with 2 power calculator (available at http://pngu.mgh.harvard.
edu/==purcell/gpc/cc2.html).?¢ The statistical power of the present
study was 76% for «=0.05 when the frequency of the risk allele was
0.3 with a relative risk of 1.5 when D'=0.9 for a genetic marker.

Table 1. Characteristics of Familial Cases, Sporadie Cases,
and Controls

Familial Sporadic
Characteristic Cases Cases Controls P
Subjects, n, male: 96 (33:63) 419 (142:277) 408(196:212) 0.000086*
female
Cases per pedigree, 3.10=1.13
mean=SD

Age, mean=zSD,y 60.5x136 60.0x107 62.0+10.1  0.025t
Cases with SAH, 860 (62.5%) 241 (57.5%) 0.37*
n (%)

Subjects with 30 (40.6%) 215(51.3%) 162(39.7%) 0.0024*
hypertension,

n (%)

Subjects currently 37 (38.5%) 151 (36.0%)
smoking, n (%)

*Comparison among familial cases, sporadic cases, and controls was made
by the »* test

fComparison was made by ANOVA.

161 (39.5%)  0.59*

Sequencing Candidate Genes

Three genes, CDKN2A, CDKN2B, and CDKN2BAS, which are in the
vicinity of rs1333040, were selected for sequencing in 6 arbitrarily
selected index cases from the 31 families with TA. Six index cases
were selected before initiation of this study without any biases from
the genotyping results. For CDKN2A and CDKN2B, we conducted
direct sequencing of all coding exons, putative promoter sequences
(2 kb upstream from the initiation codon), and 100 bp on either side
of intron-exon boundaries. For CDKN2BAS, we sequenced 19 exons
and 100 bp on either side of intron-exon boundaries.

For analyses, we referred to genes on the NCBI MapViewer (build
37.1, available at. http://www.ncbi.nlm.nih.gov/mapview/) and to
HapMap-JPT (International HapMap Project, available at hup:/
www.hapmap.org). After polymerase chain reaction amplification
and purification, samples were run on an ABI Prism 3100 Avant
DNA sequencer (Applied Biosystems). Primers are summarized in
supplemental Table I (available online at http://stroke.ahajournals.
org). We checked sequences against the SNP database (available at
http://www.ncbi.nhin.nih.gov/SNP/index.html).

Statistical Analysis

We conducted statistical analysis with SNP&Variation suite v7 software
(Golden Helix Inc). Multiple comparisons were not corrected. A
nominal P<0.05 was considered significant. Proportions were com-
pared by the ¥ test, and means were compared by ANOVA with SAS
software (version 8.2; SAS Institute Inc, Cary, NC).

Results

Demographic Characteristics of the

Study Population

Demographic data of the study population are shown in Table
1. For familial cases, an average of 3.10£1.13 (ie, mean*
SD) cases (range, 2 to 7 cases) per family was included in this
study (Figure 1). The proportions of female cases and of those
with hypertension were different among the 3 groups
(P<0.05), whereas the proportion of cases with a current
smoking habit was not different. Hypertension was more
prevalent in sporadic cases, and the proportion of females was
significantly greater in the control group. No significant
difference between groups was found in the proportion of

. cases with SAH (Table 1). To avoid confounding effects from
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Tahle 2. Significant Associations of rs700651 and rs1333040
With 1A in 31 Pedigrees, Assessed by the TDT

SNP Position Pior TDOT  NPL Score  Pfor NPL
rs700651 (A/G) 2g33.1 0.036 —0.212 0.571
rs10958409 (G/A)  8qit.12-12.1 0.962 -0.605 0.72
151333040 (C/T) 9p21.3 0.002 ~0.434 0.658

TDT indicates transmission disequilibrium test; NPL, nonparametric loga-
rithm of the odds.

known risk factors (female sex, age, and hypertension), we
adjusted for these factors in the assdciation study.

Transmission Disequilibrium Test for SNP
Association With IA in Familial Cases

The transmission disequilibriumn test revealed significant associ-
ations of rs700651 (P=0.036) and rs1333040 (P=0.002; Figure
1 and Table 2) with IA, whereas the association of 1510958409
with JA was not significant (P=0.962). Nonpdrametric loga-
rithm of the odds scores indicated that none of the SNPs were
significantly linked with IA (Table 2).

Association of SNPs With IA in Sporadic Cases

We then investigated the association of rs700651,
10958409, 15496892, rs1333040. and 1510757278 with IA
in sporadic cases. A significant association of rs1333040 with
1A was shown by allelic association (£=0.02) and by the
additive model (P=0.04), whereas associations of the other
SNPs were not significant (Table 3). SNPs rs496892,
rs1333040, and rs10757278 were not in strong LD in the
study population (Figure 2). The allele frequencies of the risk
allele rs1333040-T in controls and in cases were 0.64 and
0.70, respectively. These values are similar to those reported
in Japanese subjects (controlsicases=0.65:0.72), but the

Hashikata et al
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value for cases is larger than that reported for white subjects
(controls:cases=0.47:0.52 in Finland .and 0.55:0.62 in the
Netherlands).?!

Sequence Analysis of CDKN2A. CDKN2B,

and CDKNZBAS

151333040 is located deep in the 12th intron of CDKN2BAS:
therefore, we searched for more substantial genomic variants
than rs1333040. CDKN2A and CDKN2B are reported to be
associated with cell proliferation, aging, senescence, and
apoptosis.?” and the transcriptional regulation of CDKN2BAS
is coordinated with that of pl6/CDKN2A and pl5/
CDKN2B .8 Therefore, we investigated whether 6 index cases
from IA families harbor mutations in these genes. Sequencing
failed to show new polymorphic variants in the coding
regions of CDKN2A and CDKN2B. In contrast, several
polymorphisms were found in CDKN2BAS (Table 4). Tt is
of interest that a common haplotype was shared by the 6
index cases, who carry the rs1333040-T allele. Because
rs10965215-A, rs10120688-A, and rs7341791-G were on the
same haplotype, we investigated the associations of these 3
SNPs with TA. These SNPs, however, did not show either LD
with rs1333040 (Figure 2) or association with IA (Table 3),
indicating a possibility that the core risk haplotype is located
between introns 7 and 15 of CDKN2BAS. The LD block for
cases did not differ from that for controls {data not shown).

Discussion
Many studies have been performed to identify IA suscepti-
bility gene(s).52-'* Some loci have been confirmed but others
have not.!® Difficulties inherent in the identification of
genetic risk factors are considered to be assoclated with
population stratification, confounding nongenetic factors, or
both.? To overcome such difficulties, large-scale studies

Table 3. Analysis of 8 SNPs for Association With IA in a Gase-Control Study .

Genotype Association Models§
Genotype
(No. of Subjects) Risk Allele Alielic Associationt Additive Dominant Recessive
SNPs Aliele, D™ Groups  ddf gD 0D Frequency  HWE, Pt OR (85% Cly/P OR (95% Cly/P OR (95% Cly/P OR (95% Ci)/P
15700651 AG Case 112 208 99 0.48 0.80 1.09 {0.90-1.32) 1.14(0.94-1.39)  1.24(0.91-1.70)  1.14(0.82-1.59)
2433.1 Control 122 194 92 0.46 0.38 0.39 0.1 0.18 0.44
1510958409 G/A Case 236 155 28 0.25 0.71 0.86 (0.68-1.07) 0.85(0.67-1.06)  0.78 (0.59-1.04)  0.95{0.55~1.66)
8qi1.12-12.1 Control 208 170 30 0.28 0.56 0.17 0.15 0.03 0.86
rs496892 NG Case 51 179 189 0.66 0.39 1.01{0.83~1.24) 1.02 (0.83-1.26)  0.87(0.56-1.35)  1.10(0.83-1.46)
9p21.3 Controt 44 188 178 0.66 0.55 0.80 0.84 0.54 0.51
1510966215 GrA Case 51 180 188 0.66 0.44 1.00 {0.81-1.22} 1.01(0.82-1.25)  0.88(0.57-1.37)  1.07 (0.81-1.42)
9p21.3 Control 44 186 178 0.66 0.66 0.97 0.92 0.58 0.62
1510120688 GA Case 51 172 196 0.67 017 1.03 (0.84-1.26) 1.04(0.85-1.28) 0.80(0.58-1.40) 1.12(0.85-1.48)
gp21.3 Control 45 182 181 0.67 0.94 0.78 0.70 0.85 0.42
151333040 cr Case 36 180 203 0.70 0.66 1.28 {1.04-1.57) 1.25(1.01-1.55)  1.55(0.98-2.46)  1.26(0.95-1.67)
9p21.3 Control 51 187 170 0.65 0.97 0.02 0.04 0.06 011
157341791 NG Case 45 168 205 0.69 0.25 1.12 {0.91-1.38) 1.13(0.82-1.39)  1.28(0.84-2.00)  1.13(0.86~1.50)
gp21.3 Control 52 169 187 0.67 0.16 0.27 0.24 0.25 0.38
rs'1,0757278 NG Case 100 196 123 0.53 0.21 1.15 (0.95-1.39) 1.18(0.98-1.45)  1.31(0.95-1.80)  1.23(0.80-1.69)
9p21.3 Control 112 182 104 0.49 0.24 0.14 0.08 0.11 0.19

=pllele D indicates risk alleles; d, wild-type alleles; and OR, odds ratio.

+P, HWE, 2-sided probability value from testing for deviation from Hardy-Weinberg equilibrium.

+Without adjustment for covariates.
§With adjustment for sex, age, hypertension, and current smoking habit.
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Figure 2. Six selected SNPs on 9p21.3 and LD blocks. Physical positions of 6 SNPs and related genes are illustrated, based on the
NCBI database (build 37.1). LD blocks are shown by D" and r? measures for a population including both cases and controls.

have been undertaken. Helgadottir et al?° and Bilguvar et al?!
reported association studies based on a multiethnic popula-
tion. Helgadottir et al?® reported that rs10757278 (9p21) was
associated with 1A and that its association was independent of
the diabetes block. On the other hand, Bilguvar et al
revealed a set of SNPs, rs700651 (2q33), rs10958409 (8qi1),
and 51333040 (9p21), associated with IA.

We confirmed an association of rs1333040 with IA in 2

independent patient groups with a high or low likelihood of
genetic predisposition: the multiplex IA families and sporadic
cases, respectively. Such associations of rs1333040-T with
TA in 2 independent populations are firmly suggestive of a
substantial association with IA. To search for the gene on 9p
modifying the risk of IA, we sequenced 3 genes in the vicinity

17)
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Table 4. Sequence Variants of CDKN24, CDKNZB, and CDKN2BAS in index Gases From IA Families
Sequence Yariants

Gene, Nucleotide No. Reference Pedigree Pedigree Pedigree Pedigree Pedigree Pedigree

{Physical Position) Positiont SNP Description Sequence 5 12 14 15 25 28

COKN2A None

NT_008413.17

{21984489-21957750)

COKNZB hone

NT_008413.18

(2199931 1-21992901)

CDKNZBAS 22019445 1510965215" Ex2 G AA AA M AA AA A

NT_008413.18 22036433 Unregistered VsS4 A AA AA AA AA AR AC

(21984549-22111095) 22038130 1510738605 Ex6 c 66 66 [t} 66 66 66
22046295 157853090 Ex7 T cC cC cC cC cC cC
22046359 157866783 Ex7 A GG GG 66 66 GG 66
22046499 r$10120688* vs7 G AA AA A AA AA AA
22052134 51011970 89 G GG GG GG GG 66 Gt
22055657 51333039 Ws10 4 cc ce GC GC cc CC
22056363 54877755 w812 T AA AA AA AA AA AA
22086417 Unregistered Ex13 T TC T v v i m
22102241 157341786 Vs14 A cc AC AC AC AC AC
22102427 57341791* V§15 A GG T A6 AG AG AG AG
22110371 Unregistered £x18 G GG GA GG GA GG GG

22110480-22110491 1567452501 V518 ({insT) - ins/ins ~fins ~fins —f= —/ins -fins
22110788-22110800 7571849643 £x19 (delCAT) —/= del/del del/del del/det del/del del/de! del/del

Ins indicates insertion del; deletion.
*SNPs used for genolyping.
FAccording to the NCBI MapViewer (build 37.1).

of rs1333040: CDKN2A, CDKN2B, and CDKN2BAS. Genetic
transmission suggests that a haplotype shared by 6 index
cases carries the risk allele of rs1333040-T. Three SNPs
(rs10965215, rs10120688, and r57341791), however, did not
demonstrate either an association or LD with rsi333040,
suggesting that a region carrying the rs1333040-T allele
between introns 7 and 15 of CDKN2BAS may confer a bona
fide risk for IA.

The 9p2! locus is associated not only with vascular
diseases but also with diabetes meilitus.?® The LD structure of
this locus was investigated rigorously by Helgadottir et al?0
and was found to be composed of 2 separate LD blocks:
vascular disease and diabetes blocks. The vascular disease
block was tagged by SNPs, rs10757278 or rs1333040, which
are in strong LD. The present study, however, failed to show
a strong LD for these SNPs in the Japanese population. In the
current population, IA was associated with rs1333040 but not
with rs4496892 or rs10757278. More important, the current
study suggests the possibility of another small LD block
between introns 7 and 15 of CDKN2BAS, which is tagged by
rs1333040.

There are several limitations of this study. The major limita-
tions are the size and single ethnicity of the study population.
Although we could not detect an association of the other 7 SNPs
with JA in sporadic cases, this might have been due to insuffi-
cient statistical power because of the limited size of the study

population. The limited statistical power, with a maximum
sensitivity of 76%, may have failed to detect associations of
other SNPs with 1A, including 1s10757278. In addition, we did
not correct for multiple comparisons in the association studies.
Another limitation was the inability to provide a biological
explanation for the locus associated with JA. We could not
evaluate, either directly or indirectly. any functional effect of
CDKN2BAS with respect to IA. A major strength of the study,
however, was elucidation of the fine structure of the LD block in
the vicinity of rs1333040.

In conclusion, we succeeded in replicating the association of
1$1333040 on 9p21 with IA in 2 independent IA patient groups
and suggest that the region between introns 7 and 15 of
CDKNZ2BAS may be a risk modifier. Further study is needed to
elucidate the biological mechanism of this association.
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Effects of 0.6 mg/kg Intravenous Alteplase on Vascular and
Clinical Outcomes in Middle Cerebral Artery Occlusion
Japan Alteplase Clinical Trial II (J-ACT II)

Etsuro Mori, MD:; Kazuo Minematsu, MD; Jyoji Nakagawara, MD; Takenori Yamaguchi, MD;
Makoto Sasaki, MD; Teruyuki Hirano, MD; for the J-ACT II Group

Background and Purpose—The purpose of this study was to evaluate tuxther the efficacy of 0.6 mgrkg intravenous
alteplase on vascular and clinical outcomes in patients with middle cerebral artery occlusion in a postmarketing Phase

IV trial of prospective cohort study design.

Methods—Alteplase was given intravenously at 0.6 mg/kg to patients with ischemic stroke within 3 hours of onset with
MR angiography-documented middle cerebral artery occlusion. Vascular outcome was evaluated by MR angiography
at 6 and 24 hours after symptom onset based on the modified Mori grade. The primary end points also included a
favorable outcome (modified Rankin Scale 0 to 1 at 3 months after onset) and incidence of symptomatic intracranial
hemorrhage within 36 hours after treatment. The impact of recanalization on clinical outcome was assessed by stepwise

logistic regression analysis.

Results—TFifty-eight patients were enrolled. Recanalization was noted in 51.7% on 6-hour MR angiography and 69.0% on
24-hour MR angiography. A favorable clinical outcome was achieved in 46.6%. None had symptomatic intracranial
hemorrhage. In logistic regression models, recanalization on either 6-hour or 24-hour MR angiography was an
independent predictor for clinical outcome as well as the baseline National Institutes of Health Stroke Scale score.

Conclusions—aEarly recanalization of an occluded middle cerebral artery can be provoked by 0.6 mg/kg intravenous
alteplase and may induce a favorable clinical outcome. The rates of recanalization and favorable outcome are
comparable to that previously reported with the 0.9-mg/kg dose. (Stroke. 2010;41:461-465.)

Key Words: acute ischemic stroke ® middle cerebral artery occlusion m magnetic resonance angiography
m recanalization m tissue plasminogen activator

ased on the Japan Alteplase Clinical Trial (J-ACT) in
B 2002 to 2003,! the Ministry of Health, Labor and
Welfare of Japan approved alteplase at 0.6 mg/kg for treating
acute ischemic stroke within 3 hours of symptom onset in
October 2005. Although the internationally recommended
dosage is 0.9 mg/kg, the 0.6-mg/kg dose had been selected
according to previous tissue plasminogen activator data in
Japan.2* The underlying rationale has been published on the
Stroke web site (http://stroke.ahajournals.org/cgi/content/full/
37/7/1810).' In J-ACT, the efficacy and safety of 0.6 mg/kg
intravenous alteplase for ischemic stroke were examined in a
prospective cohort study and were compared with data
reported for 0.9 mg/kg alteplase in North America and the
Europeani Union; the efficacy and safety profiles were com-
patible with those in the National Institute of Neurological
Disorders and Stroke study® and those in a meta-analysis of

data for 0.9 mg/kg. One of the conditions required by the
Ministry of Health, Labor and Welfare at the time of approval
was that the dosage efficacy. including potential for occluded
artery recanalization, should be documented in an
angiography-based study. J-ACT II is thus a prospective
cohort study, in which vascular outcome, that is, recanaliza-
tion of an occluded middle cerebral artery, was documented
by MR angiography (MRA) as well as clinical outcome.
Recanalization of occluded arteries directly reflects the phar-
macological effect of thrombolytics, and early recanalization
after thrombolytic therapy represents a powerful factor af-
fecting clinical outcome.$

Methods

J-ACT T, a prospective, single-dose. open-label, multicenter, Phase
TV trial, was performed at 15 centers in Japan between March 2007
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Grade 1

Grade O

Grade 2 Grade 3

Figure. Modified Mori grades. A-D, Baseline MRA; E-H, follow-up MRA. For details of the grades, see text under “MRA Protocol.” The

arrow shows the occluded artery.

and July 2008. The protocol was approved by the Institutional
Review Board at each center. Written informed consent was obtained
from each patient or an appropriate family member before partici-
pation in this study. The patients with ischemic stroke within 3 hours
of onset whose responsible arterial occlusion was identified in the
middle cerebral artery (M1 or M2 segment) by MRA were given 0.6
mg/kg intravenous alteplase with 10% being administered as a bolus
followed by continuous infusion of the remainder over 1 hour.
Exclusion criteria were adopted from the National Institute of
Neurological Disorders and Stroke rtPA Stroke Study’ and J-ACT.!
Also excluded were patients whose National Institutes of Health
Stroke Scale (NIHSS) score was =23, those contraindicated for
MR, those whose MRA demonstrated arterial occlusions other than
of the middle cerebral artery, or whose Alberta Stroke Program Early
Computed Tomography Score (ASPECTS) was =<6. Only CT and
MRA were considered for subject selection, although diffusion-
weighted images were also ohtained to investigate their role in
selecting patients (data to be reported elsewhere).

MRA Protocol

Before the study, the MRI conditions were standardized to unify the
image quality among sll participating sites. For MRI and MRA, a
1.5-T echoplanar imaging-equipped scanner was used. Three-
dimensional time-of-flight MRA was performed under the following
conditions: axial images parallel to the anterior commissure~poste-
rior commissure plane; scanning range from the pontomedullary
junction to the corpus callosum; slice thickness | to 1.5 mm; and
field of view 200 1o 240 mm. MRA images were processed by
maximum intensity projection to create images of the axial pro-
jection and in rotation about the vertical axis (RL rotation, 15° to
18°). MRA was repeated at baseline, 6 hours, and 24 hours after
symptom onset. The time allowance for 6-hour MRA was between
the end of alteplase infusion and 8 hours from symptom onset and
that for 24-hour MRA was between 24 and 36 hours after symptom
onset. Arterial occlusion was assessed by 2 reviewers, one expert
neurologist and one expert neuroradiologist (the image reading
panel) blinded to information except the affected side. Recanaliza-
tion was evaluated according to the modified Mori grade: Grade 0,
no reperfusion; Grade 1, movement of thrombus not associated with
any flow improvement; Grade 2, partial (branch) recanalization in
<50% of the branches in the occluded arterial territory; and Grade 3,
nearly complete recanalization with reperfusion in =50% of the
branches in the occluded-arterial territory (Figure). Modifications

were made to apply the original scheme,? which was developed for -

conventional angiography, to MRA, because distal arterial branches
are not visible on MRA. The recanalization rate was estimated by
regarding Grades 2 and 3 as valid recanalization corresponding to
Thrombolysis in Myocardial Infarction Grades 2 and 3.

Clinical Evaluations

As a primary outcome, the functional outcome after 3 months was
assessed by the modified Rankin Scale (mRS). Symptomatic intra-
cranial hemorrhage was designated as CT evidence of intracranial
hemorrhage accompanied by apparent neurological deterioration
defined as conditions that could be documented objectively or were
increased by =4 points from the latest NIHSS score. CT images
obtained at 24 to 36 hours were assessed by the image reading panel.
According to the European Cooperative Acute Stroke Swudy CT
criteria. the panel classified hemorrhagic transformation as none,
hemorrhagic infarction (HI-1 and HI-2), or parenchymal hematoma
(PH-1 and PH-2).

End Points

The primary end points were modified Mori Grade 2 and 3
recanalization on 6-hour MRA and 24-hour MRA and a favorable
outcome of mRS 0 to 1 at 3 months. The safety primary end point
was symptomatic intracranial hemorrhage within 36 hours. If data
were missing at any follow-up time point. data were imputed using
the *“last observation carried forward.”

To test the hypothesis, we used a similar strategy to the one-arm
trial, J-ACT': the incidences of the primary end points were
compared with the results of a meta-analysis of published data on
thrombolysis. First, we searched MEDLINE and Current Contents as
of March 2006 using the following key words: (acute stroke OR
ischemic stroke) AND tPA AND angiography. Publications incor-
porating information concerning the present primary end points were
selected to detenmine the target reference values. Based on the 5
publications selected,237? we determined a target value for the
recanalization rate on 6-hour MRA; the weighted average recanali-
zation rate was 45.1% in 113 patients. The 90% CI of the recanali-
zation rate in 50 patients (the target patient number for this study)
was estimated to be 33.5% to 56.8% (normal approximation without
sequential correction). In the present study. the treatment aim was
thus for a recanalization rate of not <33.5%, the lower limit of the
90% CI. Similarly, we determined a target value for the recana-
lization rate on 24-hour MRA of not <57.7% based on one
publication.}?

Second, we repeated the database survey with a different search
strategy: (acute stroke OR ischemic stroke) AND middle cerebral
artery AND (tissue plasminogen activator OR urokinase OR
prourokinase). Based on the 2 publications found in the literature
search!!-12 and unpublished data from the Middle Cerebral Artery
Embolism Local Fibrinolytic Intervention Trial (MELT-J), which
was published during this study,!? we estimated the weighted mean
proportion of patients with a favorable outcome at 3 months to be
33.6% and the 90% CI in 50 patients to be 22.6% to 44.6%. From
data in 3 publications'214-15 and MELT-J,'* we estimated the

/7%
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Table 2. Vascular Conditions and Recanalization
After Thrombolysis

Table 1. Demographics and Baseline Characteristics of
Patients (n=58)
Age, years 70.3(11.5)
Sex, females 23 (39.7%)
Body weight, kg g2.1 (11.7)
Baseline NIHSS 12 (5-22)
Stroke subtype
Cardicembolic 49 (84.5%)
Atherothrombotic 5{8.6%)
Other/not differentiated 4 (6.9%)
M1 occlusion 41 (70.7%)
Systolic blood pressure, mm Hg 1485 (16.2)
Diastofic blood pressure, mm Hg 81.2(12.1)
Blood glucose, mg/dL 132.9 (46.2)
Time elapsed, hours
Onset 1o treatment 2.2(0.4)
Onset o 6-hour MRA 5.9(1.4)
£nd of tPA infusion to 6-hour MRA 27(1.3)
Onset to 24-hour MRA 27127
End of {PA infusion to 24-hour MRA 239(2.7)

Data show the mean (SD), median (range), or no. (%).
tPA indicates tissue plasminogen activator.

weighted mean incidence of symptomatic intracranial hemorrhage to
be 8.2% and the 90% CI in 50 patients to be 1.8% to 14.6% for use
as reference values.

Statistical Analysis

The effect of recanalization on clinical outcome was assessed by
comparing the proportion of a favorable outcome at 3 months
between patients with and without recanalization using Fisher exact
test, which was also expressed as the ORs and 95% CI. To examine
the effects of baseline characteristics and recanalization on clinical
outcome, disease-related factors, including time from onset. hyper-
tension, diabetes mellitus, baseline NTHSS, occluded site (M1 or
M2), and ASPECTS. and recanalization on either 6-hour MRA or
24-hour MRA were included in a stepwise regression analysis, in
which age and sex were forcibly entered into the model to adjust for
their possible confounding effects. To assess the possible interaction
of recanalization with severity of disease/ischemia, interaction terms
between recanalization and NTHSS. ASPECTS, or occlusion site
were entered into the model. Furthermore, to examine the effect of
delayed recanalization (ie, arterial occlusion unchanged on 6-hour
MRA but recanalized on 24-hour MRA), a similar analysis was
repeated, in which both delayed recanalization and early recanaliza-
tion on 6-hour MRA were entered into the model. Significance was
set at £P<<0.05 in all final models. The OR and 95% CI were also
determined. SAS 9.1.3 was used for the statistical analyses.

Results
Fifty-eight patients were enrolled in this study and were
included in the full analysis set both for primary safety and
for primary efficacy. One patient had no occluded artery on
baseline MRA. according to the image reading panel and was
excluded from further analysis. Table 1 summarizes the
patients’ characteristics. ‘

The recanalization rate on 6-hour MRA was 51.7% (Table
2). The recanalization rate did not differ significantly between
M1 and M2 occlusions (48.8% versus 62.5%, respectively;
P=0.391). In all except 2 patients who were withdrawn or

Modified Recanalization
Mori Grade 0 1 2 3 Rate (35% Cl)*
6-hour MRA 51.7 (38.9-64.6)
(n=58)

n. 2t 7 3 27

Percent 36.2 121 5.2 48.6
24-hour MRA 69.0 (67.1-80.9)
{n=58)

n 12t 6 4 36%

Percent 20.7 103 6.9 62.1

“Valid recanalization (Mori Grade 2 or 3) and 95% Cl.

tincluding one patient whom the image reading panel judged as having no
occlusion on baseline MRA.

fincluding 2 patients in whom data were imputed using the “last observation
carried forward” for missing 24-hour MRA.

had an obstacle for MRI, 24-hour MRA was available. The
recanalization rate on 24-hour MRA was 69.0% (Table 2).
Delayed recanalization was noted in 10 patients (17.5%). No
patient had recanalization on 6-hour MRA that subsequently
disappeared on 24-hour MRA.

Three-month clinical outcomes were unavailable in 2
patients; one withdrew consent and the other was discharged
earlier with an mRS of 4. Both were categorized as having an
“unfavorable outcome.” The proportion of a favorable out-
come at 3 months was 46.6% (95% CI, 33.7% to 59.4%).
Death within 3 months after onset occurred in one patient
(1.7%), who died of septic shock at 50 days after entry. An
alteplase-related serious adverse event occurred in one pa-
tient, who had an ischemic stroke on the side opposite to the
original stroke 12 hours after alteplase infusion.

The proportion of a favorable outcome was significantly
higher in patients with recanalization than in those without
recanalization on either 6-hour or 24-hour MRA (Table 3). In
a logistic regression model with 6-hour MRA entered as an
independent variable, recanalization (OR, 6.030; 95% (I,
1.730 to 21.011) and baseline NIHSS (OR, 0.841; 95% ClI,
0.719 to 0.983) emerged as independent predictors of a
favorable outcome. In another model with 24-hour MRA
entered, recanalization (OR, 21.231; 95% CI, 3.318 to
135.859) and baseline NIHSS (OR, 0.796; 95% CI, 0.672 to
0.943) were also independent predictors of a favorable
outcome. The model with delayed recuanalization revealed
6-hour recanalization (OR, 23.036; 95% CI, 3474 to

Table 3. Relationship Between Vascular Outcome and Clinical
Qutcome at 3 Months

» Favorable  Unfavorable OR [95% Cl]
Time (MRS 0-1) (MRS =2) Probability
6-hour MRA
Recanalized 20(66.7%) 10(33.3%)  5.714 [1.814-18.004]
Not recanalized 7 (25.9%) 20 (74.1%) P=0.003
24-hour MRA
Recanalized 25(62.5%)  15(37.6%) 12500 [2.503-62.428]
Not recanalized  2(11.8%) ' 15(88.2%) P<0.001

ol
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152.753), delayed recanalization (OR, 15.949; 95% CI, 1.710
10 148.762), and baseline NIHSS (OR, 0.801; 95% CI, 0.675
to 0.951) as independent predictors of a favorable outcome.

No patient had symptomatic intracranial hemorrhage
within 36 hours. Asymptomatic intracranial hemorrhage was
present in 19.0% of patients (11 of 58) on CTs at 24 036
hours, but no patient had parenchymal hematoma 2.

Discussion

This is the first prospective multicenter clinical trial to
evaluate recanalization of occluded arteries by MRA shortly
after tissue plasminogen activator administration and at 24
hours. The recanalization rates immediately (2.7 hours on
average) after treatment and at 24 hours (23.9 hours on
average) after treatment were 51.7% and 69.0%, respectively,
exceeding the predetermined thresholds. A systematic review
in May 2009 revealed that the weighted average of the
recanalization rate in the placebo arm of randomized con-
trolled trials of thrombolysis examined by conventional
angiography or MRA was 19.8% up to § hours after on-
set.23-12.16 The recanalization rate in the present study was
thus considered likely to be much higher than the rate of
spontaneous recanalization.

Concerning clinical outcomes, the proportion of a favor-
able ourcome at 3 months (46.6%) fairly well exceeded the
predetermined threshold. The systematic review in May 2009
revealed that the weighted average of the proportion of a
favorable outcome (mRS 0 or 1) for patients with middle
cerebral artery occlusion in the placebo wm of randomized
controlled trials of thrombolysis was 22.3%.11~1316 The pro-
portion of a favorable outcome in the present study was
considered likely to be much higher than that in the natural
course of patients with middle cerebral artery occlusion.

The present findings indicated that 0.6 mg/kg intravenous
alteplase is, as expected, effective in terms of vascular and
clinical outcomes. The most critical limitations of this study
arise from the lack of a control group, a postmarketing
clinical trial of open-label design, and comparison of results
with published data, which could generate various biases.
Although primary vascular outcome was assessed centrally
by raters independent from the participating sites, rater
prejudice cannot be excluded. Nevertheless, the MRA imag-
ing conditions were standardized among all participating
sites, and 2 expert raters reviewed the images blinded to the
clinical information, probably ensuring quality of image
acquisition and evaluation.

Concerning safety, we did not encounter symptomatic
intracranial hemorrhage in this trial, which was much better
than expected. However, this could reflect the small sample
size used. In the Phase III clinical study (J-ACT),! symptom-
atic intracranial hemorrhage occurred in 5.8% of patients,
whose arterial occlusions were not documented. Asymptomatic
intracranial hemorrhage was noted in 19% of the present
subjects, which was comparable to that in the previous tial
(17%).!

Recanalization immediately after any form of thrombolysis
has repeatedly been indicated to predict clinical outcome >-+7
A recent systematic review of cerebral artery recanalization
has confirmed a strong correlation between recanalization

and clinical outcome in acute ischemic stroke.® Several
investigations have also suggested that the baseline severity
of symptoms as measured by NIHSS represents an indepen-
dent predictor for clinical outcome in patients treated with
intravenous alteplase.!!-7-18 Similar to previous thrombolysis
studies, the present results demonstrated a strong relationship
between vascular outcome and functional outcome as well as
baseline stroke severity. Recanalization on either 6-hour or
24-hour MRA was an independent predictor for a favorable
clinical outcome. Our data indicated that recanalization on
24-hour MRA was a much stronger predictor of clinical
outcome than that on 6-hour MRA. These findings should be
interpreted cautiously; they do not necessarily imply that
delayed recanalization is far more effective than early recan-
alization, because recanalization on 24-hour MRA is a
cumulative result. Nevertheless, delayed recanalization (re-
canalization occurring between 6 and 24 hours after treat-
ment) was also a modest but independent predictor for a
favorable outcome. The prognostic value of the 24-hour
cumulative recanalization is supported by a transcranial
Doppler study.!® Delayed as well as early recanalization may
thus have a favorable impact on clinical outcome.

In conclusion, early recanalization of an occluded middle
cerebral artery can be provoked by 0.6 mg/kg intravenous
alteplase and may induce a favorable clinical outcome. The
rates of recanalization and a favorable outcome are compa-
rable to that previously reported with the 0.9-mg/kg dose.
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The Relationship Between Waist Circumference and the Risk

of Stroke and Myocardial Infarction in a Japanese Urban Cohort
The Suita Study

Yoko Furuksiwa, MS; Yoshihiro Kokubo. MD, PhD; Tomonori Okamura, MD, PhD;
Makoto Watanabe, MD, PhD; Aya Higashiyama, MD, PhD; Yuu Ono, MD;
Katsuyuki Kawanishi, MD, PhD; Akira Okayama, MD, PhD; Chigusa Date, PhD

Background and Purpose-—Body mass index is most commonly used as the obesity index. Recently, waist circumference
(WC) has been shown to be associated with the risk of cardiovascular disease (CVD). However, no studies have
observed an association between WC and CVD in Japan. We examined the relationships of WC and body mass index

with CVD in a Japanese urban population.

Methods—We studied 5474 Japanese individuals (aged 30 to 79 years without CVD at baseline) who completed a baseline
survey and received follow-up through December 2005. WC was measured at the umbilical level of participants in the
standing position 1o the nearest 1 cm. The Cox proportional hazard ratios for CVD according to the quartiles of WC were
calculated after adjustment for age, smoking, and drinking status.

Results—During a mean follow-up of 11.7 years, 207 strokes and 133 myocardial infarctions were documented. In women,
compared with the lowest quartile (WC <70 cm), the hazard ratio (95% CIs) after adjusting for age, smoking, and
drinking in the highest quartile (WC =84 cm) were 1.85 (1.03 to 3.31) for CVD and 2.64 (1.16 to 6.03) for stroke.
However, no such relationships of WC with CVD or stroke risk were observed in men. After further adjustment of
hypertension, diabetes, and hypercholesterolemia, all of the mentioned relationships were not statistically significant. No
associations of body mass index with CVD or strokes were observed.

Conclusions—WC may be a better predictor for CVD or stroke in Japanese women. (Stroke. 2010;41:550-553.)

Key Words: abdominal obesity m cardiovascular disease m epidemiology m prospective studies s stroke
m waist circumference

he increasing prevalence of obesity worldwide has led to

concern about the impact of obesity on the risk of cardio-
vascular disease (CVD).! Body mass index is most commonly
used as the measurement of obesity. Recently, abdominal obe-
sity measured by waist circumference (WC) has been shown to
be associated with the risk of CVD.23 However, no cohort study
on the relationship between WC and the risk of CVD has been
performed in Japan. We' therefore examined the relationship of
WC and body mass index with the incidence of CVD and stroke
in a Japanese urban population.

Methods

The Suita Study starting from September 1989, a randomn sampling
of Japanese urban residents, has been described previously (response
rate; 53%).4-¢ Participants (n==5474) who attended the baseline

examination without a history of CVD were followed up. The details
of the methods and confirmation of stroke and myocardial infarction
in the Suita Study have been described elsewhere.*~¢ The follow-up was
continued until one of the following end points, whichever came first:
date of the first myocardial infarction or stroke event, date of death, date
of leaving Suita, or Decemiber 31, 2005. This study was approved by the
Institutional Review Board of the National Cardiovascular Center.
Analyses of variance and x* tests were used to compare mean values
and {requencies. The Cox proportional hazard ratios and 95% Cls for
CVD were calculated according to the quartiles of WC after adjusting
for age, smoking, and drinking status. All statistical analyses were
performed with SPSS (Version 13.0J; SPSS Japan Inc, Tokyo, Japan).

Results
During a mean follow-up of 11.7 years, we documented 207
strokes and 133 myocardial infarctions. As shown in Table 1,
both men and women with higher WC were older; had a
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Table 1. Baseline Characteristics of Subjects According to Quartile of WG by 2560 Men and 2814 Women
Aged 30 to 79: The Suita Study, 1989-1994, Japan
WC
Q1 (Low) Q2 Q3 Q4 (High) P
Wamen
No. of subjects 702 679 739 794
Waist circumference, cm* 54-89 70-75 76-83 84121 <0.001
Age, years* 49:13 52213 55212 8011 <0.001
Body mass index, kg/m®* 19.6+1.9 21.1x20 225+22 25.3+3.2 <0.001
Hypertension, %t 14 20 27 46 <0.001
Diabetes, %t 1 2 3 7 <0.001
Hypercholesterolemia, %t 32 36 45 54 <0.001
Smoking status {current/quit/never), %t 14/3/83 12/3/85 12/3/85 11/5/84 0.092
Drinking status {current/quit/never), %t 34/1/64 34/2/83 32/1/67 31/1/87 0.512 -
Men
No. of subjects 564 711 627 658
Waist circumference, cm* §7-76 77-82 83-87 88-124 <0.001
Age, years™ 5614 54+13 5613 5712 0.003
Body mass index, kg/m?* 19.7x1.8 219186 23.5x18 25.9x2.3 <0.001
Hypertension, %t 24 29 35 48 <0.001
Diabetes, %t 4 8 5 9 0.013
Hypercholesterolemia, %t 19 27 33 34 <0.001
Smoking status (current/quit/never), %t 56/27/17 55/24/20 45/37/18 44/35/21 <0.001
Drinking status (current/quitynever), %t 71/4/25 76/4/28 7714119 76/4/20 0.287

Data indicate frequencies or means=SDs.
*Analysis of variance was performed.
Ty test was performed.

Q indicates quartile; Hypertension, systofic blood pressure/diastolic blood pressure =140/90 mmHg or current use of
antihypertensive medications; diabetes, fasting plasma glucose levels =7.0 mmol/L or nonfasting plasma glucose levels
=11.1 mmol/L or current use of antidiabetic medications; hypercholesterolemia, total serum cholesteral fevels =5.7 mmol/L or

current use of antihyperlipidemic medications.

higher prevalence of hypertension, diabetes, and hypercho-
lesterolemia; and had a lower prevalence of current smokers.
The correlations between body mass index and WC were 0.84
in men and 0.75 in women.

The highest quartile of WC.was associated with a signifi-
cant increase in the risk of CVD and stroke compared with the
lowest quartile in women but not in men (Table 2). Moreover,
n women, the association between WC and CVD disap-
peared after further adjustment for hypertension, diabetes,
and hypercholesterolemia. These associations were not also
statistically significant even after removing subjects with any
of mentioned 3 risk factors (data not shown). When we
sequentially changed the cutoff values of WC, an increased
risk of CVD was observed in women with WC =80 c¢m
(Figure). No associations of body mass index with CVD or
strokes were observed (data not shown).

Discussion
In this cohort study, abdominal obesity (WC =80 cm) was
positively associated with CVD in women, which is the first
study of the relationships in Japan. In the 2 large cohort

studies in the Western population>3 WC was positively
associated with the risk of CVD. However, the current study
only observed the positive relationships of WC with CVD
and stroke in women. The reasons for the sex difference are
unclear but may involve differences in race, lifestyle back-
ground, severity of obesity, or prevalence of risk factors in
nonobese subjects.

Abdominal obesity, strongly correlated with WC, has been
associated with insulin resistance,” diabetes,® lipid abnormal-
ities,® and blood pressure elevation.!® The association be-
tween WC and CVD disappeared after further adjustment for
cardiovascular risk factors or removing subjects with diabe-
tes, hypertension, or hypercholesterolemia. Therefore, WC
might be likely on the causal pathway leading to the more
proximal risk factors for CVD and contributes to risk through
those factors. Abdominal obesity without other cardiovascu-
lar risk factors does not predict the risk of CVD. However, it
should be careful that increasing abdominal obesity might
lead to those factors.

Our study has the following limitations: regression
dilution bias, small sample size for subgroup analysis,
lifestyle background, and measurement of WC at the
umbilical level rather than at the midpoint between the
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Table 2, Age- and Multivariable-Adjusted Hazard Ratios (85% Cls) for CVD According fo WC Quartile by Sex

Q1 {Low) Q2 Q3 Q4 (High) Por Trend
Women
Waist circumference, cm 54-69 70-75 76-83 84121
Person-years 8686 8334 8880 9008
Cardiovascular disease
No. of cases 15 23 35 83
Age-adjusted ' 1 1.27 {0.66-2.44) 1.50 (0.81-2.76) 1.84 (1.04-3.27) 0.02
Multivariable-adjusted 1 1.30 (0.67-2.54). 1.57 (0.84-2.91) 1.85 (1.03-3.31) 0.02
Stroke k
No. of cases 7 15 27 42
Age-adjusted 1 1.82 (0.74-4.49) 2.55(1.10-5.92) 2.80 (1.24-6.33) 0.01
Multivariable-adjusted 1 1.78 (0.71-4.46) 2.57 (1.10-6.00) 2.64(1.16-6.03) 0.01
Myocardial infarction
No. of cases 8 8 8 21
Age-adjusted 1 0.83 (0.31-2.24) 0.64 {0.24-1.73) 1.12 (0.49-2.55) 0.67
Multivariable-adjusted 1 0.91 (0.33-2.49) 0.72 (0.26~1.96) 1.26 {0.54-2.97) 0.50
Men .
Walist circumference, cm 57-76 77-82 83-87 88-124
Person-years 6443 8185 7304 7183
Gardiovascular disease
No. of cases 43 53 45 63
Age-adjusted 1 1.13(0.75-1.69) 0.91 (0.60-1.39) 1.25 (0.85-1.85) 0.41
Multivariable-adjusted 1 1 .‘13 (0.75~1.69) 0.92 {0.60~1.40) 1.33 (0.89-1.97) 0.28
Stroke
No. of cases 22 28 32 34
Age-adjusted 1 1.15 (0.65-2.01) 1.22 (0.71-2.11) 1.31 (0.77-2.25) 0.31
Multivariable-adjusted 1 1.14 (0.65-2.00) 1.25 (0.72-2.16) 1.40 (0.82-2.41) 0.20
Myocardial infarction
No. of cases 21 25 13 29
Age-adjusted 1 1.08 (0.61-1.95) 0.55 (0.27-1.10) 1.20 (0.68-2.10) 0.92
Multivariable-adjusted 1 1.10 (0.61-1.97) 0.55 (0.27-1.10) 1.29 (0.72-2.29) 0.79

Multivariable adjustments were performed for age, smoking, and drinking status.
Q indicates quartile.

lower rib and the iliac crest. However, the correlation In conclusion, our findings suggested that WC was associated
coefficients between values measured by using the both with an increased risk of CVD and stroke in Japanese women.
methods for measurement of WC were reported to be From a public health perspective, measurement of WC could be
high.' a useful tool for use in preliminary screening for high risk of CVD.
Wamen Men
39
E EEY
g R - PR
= = i PR
= =z T e
A P P R
cZ -4
Ot e o e
73 80 85 40 95 75 30 85 90 95
Waist circirnference, cm \Waist circumtference, e

Figure. The risk for CVD through sequential changes in WC in men and women. Solid line indicates hazard ratios for CVD according to
different cutoff values of WC. Dotted lines indicate 95% Cls for each WC.
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Left Atrial Volume Combined With Atrial Pump Function
Identifies Hypertensive Patients With a History of
Paroxysmal Atrial Fibrillation

Norihisa Toh, Hideaki Kanzaki. Satoshi Nakatani, Takahiro Ohara, Jiyoong Kim, Kengo F. Kusano,
Kazuhiko Hashimura, Tohru Ohe, Hiroshi Ito, Masafumi Kitakaze

Abstract—Identifying patients at high risk for the occurrence of atrial fibrillation is one means by which subsequent
thromboembolic complications may be prevented. Left atrial enlargement is associated with progression of atrial
remodeling, which is a substrate for atrial fibrillation, but impaired atrial pump function is also another aspect of the
remodeling. Our objective was to differentiate patients with a history of paroxysmal atrial fibrillation using
echocardiography. We studied 280 hypertensive patients (age: 667 years; left ventricular ejection fraction: 65+=8%).
including 140 consecutive patients with paroxysmal atrial fibrillation and 140 age- and sex-maiched control subjects.
Left atrial volume was measured using the modified Simpson method at both left ventricular end systole and preatrial
contraction and was indexed to body surface area. Peak late-diastolic mitral annular velocity was measured during atrial
contraction using pulsed tissue Doppler imaging as an atrial pump function. Left atrial volume index measured at left
ventricular end systole had a 74% diagnostic accuracy and a 71% positive predictive value for identifying patients with
paroxysmal atrial fibrillation; these values for the ratio of left atrial volume index at left ventricular end systole to the
peak late-diastolic mitral annular velocity were 82% and 81%, respectively, and those for the ratio of left atrial volume
index at preatrial contraction to the peak late-diastolic mitral annular velocity were 86% and 90%, respectively. In
conclusion, lefl atrial size combined with atrial pump function enabled a more accurate diagnosis of a history of
paroxysmal atrial fibrillation than conventional parameters. (Hyperfension. 2010;55:1150-1156.)

Key Words: hypertension m echocardiography m atrial fibrillation m left atrium = remodeling

A trial fibrillation (AF) is not generally life threatening but
is considered to be the most common cause of ischemic
stroke, which often yields serious complications because of
acute occlusion of intracranial arteries without collateral circu-
lation. The incidence of stroke is increased by =5-fold in the
presence of nonvalvular AF.'-* Moreover, recent studies have
demonstrated that stroke risk is no less in patients with parox-
ysmal AF (PAF) than in those with persistent AF.6 Therefore, it
is crucial to identify patients who have PAF in order to prevent
subsequent thromboembolic complications, especially in pa-
tents with hypertension, which is a major etiologic factor
associated with both AF and stroke.™®

Left atrial (LA) enlargement associated with the progres-
sion of atrial structural remodeling plays a key role in the
initiation and maintenance of AF.19)! The most recent rec-
ommendations for echocardiographic chamber quantification
indicate that LA volume (LAV) provides an accurate mea-
surement of asymmetrical remodeling of the LA chamber.!2
LAV is increased in patients with PAF'3 and is also an
important predictor of cardiovascular outcome, including the

occurrence of AF,'4 supporting the concept that LAV is a
hallmark of atrial remodeling.

In patients with PAF, Doppler transmitral flow velocity
and tissue Doppler imaging (TDI)-derived mitral annulus
velocity during atrial contraction, which are considered to
reflect atrial pump function,'>-2° have been reported to be
decreased compared with those in control subjects.i3.1621
According to the Frank-Starling law, atrial pump function is
also enhanced with an increase in LAV; however, excessive
LA enlargement leads to atrial dysfunction.22* Accordingly,
we hypothesized that adding information on atrial pump
function may provide a better marker of atrial remodeling.

In the present study, we aimed to differentiate patients with a
history of PAF among those with hypertension more accurately
by means-of LAV combined with atrial pump function.

Methods
Study Population

Patients referred to our laboratory were classified into the PAF group
if they met the following criteria: (1) =1 episode of self-terminating
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PAF documented by a 12-lead ECG, 24-hour Holter monitoring, or
continuous monitoring during hospitalization without taking any
antiarrhythmic drugs and having been free from arrhythmic episodes
for >1 week before undergoing echocardiography; (2) hypertension
(systolic blood pressure =140 mm Hg and/or diastolic blood pres-
sure =90 mm Hg or treatment for hypertension);, (3) less than
moderate mitral regurgitation: (4) sinus rhythm during echocardiog-
raphy; (5) no medical history of other arhythmias (including
persisient. AF). valvular heart disease (including mitral annular
calcification). heart failure, ischemic heart disease, cardiomyopathy,
cardiac surgery. thyroid disease, or pulmonary disease; and (6) age
between 40 and 80 years.

Control subjects were recruited from a clinical health examination
in Arita. Japan. All of the attendees underwent a formal medical
history interview, ECG, and physical and laboratory examinations.
Blood pressure was measured at each of =2 visits to the office, and
the average of =2 seated blood pressures was used according to
established recommendations.? Of the attendees who also under-
went cchocardiography, age- and sex-matched subjects who met
criteria 2 through 6 were classified as the control group. The study
was approved by the institutional review board, and the study was
conducted in accordance with the ethical principles of the Declara-
tion of Helsinki. All of the subjects provided informed consent.

. Echocardiography
All of the echocardiographic studies were performed with cither a
Vivid 7 Dimension (GE Healthcare) or Aplio XV (Toshiba Medical
Systems) ultrasound system. Cardiac chamber size, left ventricular
(LV) ejection fraction (LVEF), LV mass, and LA dimension were
evaluated according to the recommendations of the American Soci-
ety of Echocardiography.'* LAV was measured using the biplane
modified Simpson’s method at the ventricular end-systolic frame just
before the mitral valve opening from apical 4- and 2-chamber views.
Strictly speaking, however, LA does not contract from the size of
LAV at ventricular end systole. Thus, preatrial contraction LAV
(LAV,,.A) was also obtained from the last frame just before mitral
valve reopening. Active LA emptying fraction (active LAEF) was
calculated by the following formula: (LAV ,—LAV .}/
LAV, .4 X100%, where LAV, is the minimal LAV at atrial end
systole. All of the LAVs were indexed to body surface area as LAV,
LAVi_ .., and LAVi ., respectively. LV mass was also indexed to
body surface area (LV mass index). LV hypertrophy was defined as
LV mass index >104 g/m” in women and >116 g/m” in men.>s
The sample volume of pulsed-wave Doppler imaging was placed
at the tip level of the mitral leaflets in the apical 4-chamber view.
Then the peak mitral inflow early diastolic and atrial filling (E and
A) velocities and the E-wave deceleration time were obtained. The
sample volume of the pulsed TDI was placed at the septal and lateral
margins of the mitral annulus. Peak early and late-diastolic mitral
annular velocities were measured, and then the average values of
septal and lateral velocities were used as Ea and Aa, respectively.
E/Ea was calculated as a swrrogate for the LV filling pressure.26

Statistical Analysis

Data are expressed as mean=SD. An ANOVA was performed to test
for statistically significant differences between 2 unpaired mean
values, and categorical data and percentage frequencies were ana-
lyzed by the y test. Correlations were determined with Pearson
product momment correlation analysis. Receiver operating character-
istic (ROC) curves were constructed to determine the optimal
sensitivity and specificity. The area under the curve (AUC) was
calculated to assess the overall performance of various variables for
the detection of PAF. Univariate and multivariate logistic regression
analyses were performed to characterize diagnostic factors of a
history of PAF. Variables considered included age, sex, body weight,
LV hypertrophy, E/Ea, and diabetes mellitus. A scatter diagram was
used to illustrate the relationship between LA size and LA pump
function in each patient. A straight line was drawn passing through
the origin to discriminate the best between the PAF and control
groups. and another line was drawn to establish the boundary above
which spots belonging to the PAF group existed. The slope indicates

7~ 77
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Table 1. Clinical Characteristics of the Study Population

Control Group PAF Group

Variable (n==140) , (n=140)
Age, y 667 66+8
Women, % 47 47
Height, cm 158+9 16010
Weight, kg 5810 6010
Body surface area, m® 1.5820.17 1.60£0.26
Body mass index, kg/m? 232+3.3 236+3.0
Systolic blood pressure, mm Hg 140+18 137£16
Diastolic blood pressure, mm Hg 82x10 80+11
Diabetes mellitus, % 17 21
Hyperlipidemia, % 48 47
Smoking, % 31 23
Concomitant cardiovascular therapies

ACE inhibitors, % 7 5

ARBs, % 30 32

B-Blockers, % 18 27

Calcium channe! kblockers, % 32 37

Values are expressed as mean:=SD unless otherwise specified. ACE
indicates angiotensin-converting enzyme; ARB, angiotensin Il receptor block-
ers. No significant differences were found between groups.

the ratio of LA size to LA pump function: the former corresponds to
the optimal cutoff value from the ROC analysis and the latter is the
minimum of the ratios of the PAF group. Most statistical tests were
performed with SPSS version 12.0 (SPSS Inc). The calculation and
comparison of AUC values and the logistic regression analyses were
performed with Stata SE version 8.2 (Stata Corp). A P value <0.05
was considered to be statistically significant. The statistical power of
the present study was finally calculated.

Forty subjects were randomly seclected from each group and
analyzed blindly by 2 authors (N.T. and H.K.) to assess reproduc-
ibility. The interobserver and intraobserver variabilities were, respec-
tively, 4.0% and 3.8% for LAV, 4.2% and 4.2% for LAVW A 123%
and 9.9% for LAV ;.. 4.4% and 4.1% for peak A velocity, 3.6% and
3.5% for septal Aa, and 4.0% and 3.7% for lateral Aa.

Results

Clinical and Echocardiographic Characteristics

A total of 280 subjects with hypertension (mean age: 667
years; range: 40 to 80 years; 148 men; LVEF: 65+8%) were
enrolled in the present study. There were no significant

" differences in clinical parameters or the use of antihyperten-

sive drugs between the 140 control and 140 PAF subjects
(Table 1). The median time interval between the first PAF
episode and this examination was 2.0 years (25th to 75th
percentile: 0.2 to 7.0 years), and 62% of the patients with
PAF were symptomatic. Echocardiographic characteristics
are depicted in Table 2. No significant group differences were
found for the following parameters: LV end-diastolic diam-
eter, LV end-systolic diameter, and LVEF. LV mass index,
LA dimension, and indices related to the LAV were signifi-
cantly increased in the PAF group compared with those in the
control group, whereas active LAEF was decreased in the
PAF group. The prevalences of LV hypertrophy were 45% in
the PAF group (37 women and 25 men) and 28% in the
control group (18 women and 21 men). The E-wave decel-
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Table 2. Echocardiographic Characteristics of the Study Population

Table 3. AUCs for Echocardiographic Variables

Control Group PAF Group

Variable (n=140) (n=140 P

LV end-diastalic dimension, mm 47+5 46:x5 0.114
LV end-systolic di;nension, mm 285 285 0.445
LVEF, % 658 858 0.839
LV mass index, g/im? 10020 112+27 <0.001
LA dimension. mm 385 435 <0.001
LAV}, mifm? 30x7 42412 <0.001
LAViy gn, M2 21£6 32x10°  <0.001
LAVis0, MIM? 1424 25+10 <0.001
Active LAEF, % 34+8 23+10 <0.001
Peak E velogity, cm/s 64:x15 70£19 0.007
Peak A velocity, cm/s 80418 67+21 <0.001
E/A 0.85+0.24  1.18x067  <0.001
E-wave deceleration time, ms 23344 22449 0.068
Ea, cm/s 7519 6.8x1.9 <0.001
Aa, cmfs 11.1%2.3 77286 <0.001
E/Ea 9.0+2.5 111243 <0.001
LAVI/A, mL-m~%/cm - s~ 0.39x0.11 0.72::0.41 <0.001
LAVi/Aa, mL-m~%/cm - s™! 29+1.0 6.8+5.1 <0.001
LAV, n/active LAEF 0.64:+0.28 196223  <0.001
LAVi, oafA, ML - m~%cm-s7? 0.27:£0.08 0.56+0.36  <0.001
LAV, eaffa, mL-m~%om - 577 1904 53+43 <0001

Values are expressed as mean=3SD.

eration time was comparable, but peak E velocity was
significantly greater, and peak A velocity was less in the PAF
group than in the control group. The Ea and Aa were lower in
the PAF group thun in the control group. E/Ea was greater in
the PAF group than in the control group.

The following comelations were found: (1) LAVi and
LAVi,,, were corelated with E/Ea (LAVi: r=0.418, P<0.001;
LAVi,a: r=0416, P<0.001); (2) LAVi and LAVi, . were
correlated with LV mass index (LAVi: r=0440, P<0.001;
LAVi,..: r=0459, P<0.001); (3) LAVi was strongly corre-
lated with the LAV ., (r=0516; P<0.001); (4) Aa was
correlated well with active LAEF (r=0.755; P<0.001) and this
correlation was still observed in patients with severely enlarged
LA (=0.775; P<0.001), which is defined as LAVi >40 mL/m*

in the recommendations'?; and (5) LAVY/Aa and LAVi, J/Aa -

were correlated with the time interval between the first PAF
episode and this examination (LAVi/Aa: r=0.267, P=0.012;
LAVi,.J/Aa: r=0275, P=0.009).

Echocardiographic Detection of PAF Among
Hypertensive Patients

Various parameters, listed in Table 3, were examined using
ROC analysis. LAVi_../Aa was best for detecting patients with
a history of PAF considering the AUC. The AUC of
LAVi/Aa was stalistically greater than those of the
LAVi,.a/A, LAVi, sJactive LAEF, LAV/Aa, and LAVi val-
ues (P=0.024, P=0.003, P<0.001, and P<0.001, respectively).
Although the statistical power calculated was 76% because of
the limited number of subjects, statistically significant differ-
ences were found between the LAVi, ./Aa ratio and other

Variable AUC SE 95% G

LA dimension 0.733 0.030 0.67510 0.791
LAV 0820 0.024 0.772 0 0.868
LAViyyen 0861 0022 0.819 10 0.904
LAVi/A 0.852 0.023 0.807 10 0.898
LAVi/Aa 0.884 0.019 0.847 10.0.922
LAVi,,os/active LAEF 0893 0.019 0.856 10 0.930
LAV, /A 0.888 0.020 0.849 10 0.927
LAV, /R 0927 0015 0.897 10 0.956

parameters. The ROC curves for the LAV, ./Aa, LAVi/Aa,
LAVi, and LA dimension are shown in Figure 1.

The sensitivity, specificity, diagnostic accuracy, and posi-
tive predictive value for the detection of PAF were deter-
mined with an optimal cutoff value according to the ROC
analysis, as shown in Table 4. Diagnostic accuracy and

, positive predictive value of the LAVi, ./Aa ratio atr the

cutoff value of >2.7 mL - m™%cm - s™* were clearly superior
to those of the LAVi of >32.0 mL/m%

From the results of univariate analysis for age, sex, body
weight, LV hypertrophy, E/Ea, and diabetes mellitus, LV
hypertrophy (odds ratio: 2.059 [95% CI: 1.251 to 3.386];
P<0.001) and E/Ea (odds ratio: 1.205 [95% CI: 1.108 to
1.309]; P<0.001) were considered as significant covariates.
However, multivariate analysis demonstrated that the
LAVi,../Aa ratio was the single significant factor of a
history of PAF (odds ratio: 11.786 [95% CI: 6.178 to 22.483];
P<0.001). '

LA Size Against Atrial Pump Function

The relationship between LA size and atrial pump function in
our population is illustrated in Figure 2. LA size and Aa showed
an inverse correlation (LAVi: r=-0.503, P<0.001; LAV, ,:

1.00
2
2
5050
£
()
n
— LAVigren/ Aa
LAVi/ Aa
e LAV
- LA dimension
0.00%
0.00 0.50 1.00
1-specificity

Figure 1. ROC curves for detecting PAF. Comparison of ROC
curves for the LAVi, ,/Aa (red line), LAVI/Aa (yellow line), LAVi
(green line), and LA dimension (blue fine) values. The AUC val-
ues are listed in Table 3.
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Tahle 4. Evaluation of Echocardiographic Parameters
According to Sensitivity, Specificity, and Diagnostic Accuracy
for Detection of PAF in Hypertensive Patients

Diagnostic

Sensitivity, Specificity, Accuracy, PPV,
Variable % % % %
LA dimension 72 67 71 69
>41 mm
LAVI >32.0 m/m? 82 66 74 2l
LAVI/A >0.50 75 87 81 85
mL-m~cm-s?
LAVi/Aa >3.6 78 84 82 8t
mL-m~%em-s™? ’
LAV .a/A >0.36 80 85 83 84
mL-m~%cm-s™"
LAVi, .p/ha >2.7 82 91 86 90

mL-m~%cm-s™?

Values are expressed as percentage. PPV indicates positive predictive value.

r=—0458, P<0.001). The PAF group is located disproportion-
ately in the upper left part as compared with the control group.
The black dotted lines discriminate best between the PAF and
control groups, with slopes of 3.6 (the LAVi/Aa ratio=3.6
mL-m™%em-s™') and 27 (the LAVi,../Aa ratio=27
mlL - m~*/cm - s™'), respectively. The red dotted lines show the
lower bound of the PAF group, with slopes of 2.3 and 1.9,
respectively.

Discussion

The LA of hypertensive patients with PAF was characterized
by further enlargement and impaired pump function as
compared with that of hypertensive patients in whom PAF
had never been documented. Thus, the ratio of LAVi, ., to
Aa was most powerful, and the ratio of LAVi to Aa was the
next most powerful for differentiating hypertensive patients
with a history of PAF.

LA Remodeling in Hypertension
LA size has been reported to serve as a surrogate measure of
chronic LV diastolic dysfunction.?” Hypertension induces an

LA Volume and Pump Function in PAF 1153

increase in LV wall stress, leading to increased wall thick-
ness, myocyte hypertrophy, and myocardial fibrosis.252° Im-
paired myocardial relaxation and increased LV diastolic
stiffness can cause elevated LV diastolic filling pressure,3
consistent with the increase in E/Ea. Moreover, long-standing
hypertension results in interstitial fibrosis and arrhythmic
substrate even in the LA In a large cohort study. increased
LV mass and LA diameter were independently associated
with the occurrence of AF in patients with hypertension.®?
Similarly, we found that LV mass index, E/Ea. and LAVi
values were significantly increased in our hypertensive pa-
tients with PAF compared with those in hypertensive patients
without PAF. In addition, LAVi showed a significant corre-
lation with both LV mass index and E/Ea. These findings do
not contradict the concept that the occurrence of PAF in
hypertension is associated with LA remodeling as a consequence
of LA overload because of elevated LV filling pressure.

The LAVi,../Aa and LAVi/Aa ratios showed a very
modest but yet significant correlation with the time interval
between the first PAF episode and this examination. LA
remodeling is thought to progress according to not only the
LA overload but also the duration of AF.3* Thus, the indices
that we proposed may be markers representing the degrees of
progressive LA remodeling.

Frank-Starling Mechanism of LA Function

According to the Frank-Starling mechanism, contractile force of
the ventricular myocardium is proportional to its initial length;
this mechanism also applies to the LA myocardium, 2223 LA
pump function is enhanced in response to elevated LV filling
pressure as long as the Frank-Starling mechanism holds.
Within the range of compensation, therefore, the points in
Figure 2 should range toward the upper right direction; in
contrast, the points belonging to the PAF group are located
in the upper left area. This disproportional distribution is also
thought to demonstrate a shift of or a deviation from the
Frank-Starling curves because of further progression of atrial
remodeling in the PAF group. In addition, Figure 2 shows
that patients with an LAVi/Aa ratio 22.3 mL -m™%cm - s~

Figure 2. Relationship between LA size and
pump function in patients with and without
PAF. Scatter diagrams showing the distribu-
tion of plots of the LAVi against Aa values
(left) and LAV, ., against Aa values {right).
Red points indicate hypertensive patients
with PAF, and blue points indicate hyperten-
sive patients in whom PAF has never been
documented. Patients with LAVi/Aa ratios
>2.3 mL-m™2/cm- s or LAV, ./Aa ratios
>1.9 mL - m~%/cm -+ s~7 may have PAF.

LAVI (mlfm2) LAVi e (mi/m?)
90 1 70 °
@ &
801 e 60
70t
50
60 1
50t 407
40 30}
30
201
20 )
10
10
o* * * ! 0" >
0.0 5.0 10.0 160  20.0 0.0 5.0

Aa {cm/s)

100

150 200
Aa (cm/s)

Downloaded from hyper.ahajournals.org at National Cardiovascular Center on June 13, 2011

/87

7



1154 Hypertension May 2010

or LAVi,/Aa ratio 21.9 mL-m™%cm-s™' may poten-
tially have a history of PAF.

Preload is originally reflected as the initial stretching of
cardiac myocytes before contraction. Thus, when adding
atrial function to LA size for assessing atrial remodeling,
LAVi., is thought to be physiologically more preferable to
LA size than is LAVi. Therefore, it was a reasonable result
that the LAVi, ./Aa ratio showed better diagnostic ability
than the LAVi/Aa ratio.

Measurement of Atrial Pump Function

Several past studies have demonstrated that Aa velocity
correlates well with atrial contractile function and can be used
as a rapid and accurate marker of atrial function.!¢-20 Similar
to results of these studies, Aa showed a significant correlation
with active LAEF in our study, and the correlation of Aa with
active LAEF also remained in patients with excessive LA
enlargement.

The changes in flow velocity profile with different posi-
tions of the pulsed-wave Doppler sample volume may affect
the diagnostic accuracy of the LAVi, /A ratio. Even slight
changes in sample volume position can easily cause a
decrease in peak A velocity.?* In contrast, TDI-derived mitral
annulus velocities are relatively independent of these prob-
lems.® QOur results also show that Aa is a marker reflecting
atvial pump function.

Lateral Aa is a favorable discrimination parameter because
its amplitude is greater than that of septal Aa. However, the
left lung often attenuates tissue Doppler signals from the
lateral annulus margin. The mitral septal annulus motion is
always parallel to the Doppler beam, and its measurements
are certain. Septal Aa could, however, be influenced by right
atrial pump function. In the present study, therefore, we used
the average of the septal and lateral Aas.

Study Limitations

First, this was a cross-sectional study. To clarify whether the
present index can predict future AF development or compli-
cations, further research must provide longitudinal assess-
ments. Second, it is difficult to distinguish whether the
impaired atrial pump function was attributed to LA remod-
eling or showed a recovery process after spontaneous con-
version of AF. This issue does not concern the diagnosis of
PAF, but it may slightly affect the cutoff value for detecting
PAF. Third, atrial reservoir function was not examined in the
present study. Some reports indicate that evaluating LA
reservoir function using strain or strain rate is useful for the
prediction of AF relapse after treatments.3%37 Nevertheless,
we chose to use pulsed TDI parameters for the following
reasons: (1) measurement of strain or strain rate with high
reproducibility or using the speckle tracking method requires
a high-end ultrasound machine and special dedicated soft-
ware, but pulsed TDI is available on almost all machines; (2)
peak late-diastolic ‘atrial strain rate during atrial contraction
has been reported to be correlated well with Aa’83%; (3)
speckle tracking software, which is used when measuring
atrial strain or strain rate, is designed primarily for the LV and
not the LA; and (4) atrial strain or strain rate reflects only
regional function of the LA, and the position of regions of

interest for assessing LA global pump function is still
controversial, whereas Aa is a marker of atrial global function
and has been validated by cardiac catheters.!? We preferred
this general technology because our goal was to make our
method accessible. Fourth, we did not measure pulmonary
venous flow for assessing LV diastolic function because
obtaining an adequate signal for analysis has been reported to
be difficult in all subjects.#*+! Furthermore, a recent consen-
sus statement recommends tissue Doppler velocities as a
first-line echocardiographic diagnostic approach to LV dia-
stolic dysfunction.*? Fifth, obtaining an accurate time interval
between the first PAF episode and the current examination
was practically difficult because PAF is, by nature, an elusive
disease, and the majority of PAF episodes are known to be
asymptomatic.*? Similarly, the first PAF episode in asymp-
tomatic patients was noticed incidentally as an imvegularly
irregular rhythm during auscultation or palpitating arterial
pulse and was confirmed using ECG at a monthly or biweekly
consultation day; thus, the interval may be not accurate. Little
information on the number and duration of PAF episodes was
available in the present study. Finally, we cannot clearly state
that self-terminating spontaneous AF was never present in
hypertensive patients with PAF within 1 week of examination
or in patients with hypertension alone: nonetheless, we
addressed this concern by performing repeated 12-lead ECGs,
24-hour Holter monitoring, and strict medical interviews for
the subjects of the study.

Perspectives

Our observations that the LA of hypertensive patients with
PAF is characterized by dilatation and impaired pump func-
tion and that the ratio of LA size to pump function is useful
for identifying patients with PAF have important public
health and clinical implications. If the presence of PAF is
suspected at the time of echocardiography, further examina-
tions and careful monitoring (including repeated 24-hour or
event-ECG Holter recording) may be considered. This is
especially true for patients with multiple risk factors for
stroke (eg, congestive heart failure, hypertension, age >75
years, diabetes mellitus, and previous stroke or transient
ischemic attack). In other words, the present indices may be
useful for recommending preventive therapy in high-risk
patients, because clinicians can prevent the greater part of
ischemic stroke from AF with anticoagulation therapy. ™ A
recent report from the Framingham Heart Study proposed a
risk score for the future development of AF, but echocardio-
graphic parameters provided only slight improvement in the
risk assessment score.*s The measurements derived from the
conventional M-mode method may have attenuated the ben-
efits of echocardiography in the aforementioned study, We
expect that the new marker presented here (LA size divided
by atrial pump function) will improve risk classification in
future prospective studies.
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Common Variants in the ATP2B1 Gene Are Associated
With Susceptibility to Hypertension

The Japanese Millennium Genome Project

Yasuharu Tabara, Katsuhiko Kohara, Yoshikuni Kita. Nobuhito Hirawa, Tomohiro Katsuya,
Takayoshi Ohkubo, Yumiko Hiura, Atsushi Tajima, Takayuki Morisaki, Toshiyuki Miyata,
Tomohiro Nakayama, Naoyuki Takashima, Jun Nakura, Ryuichi Kawamoto, Norio Takahashi,
Akira Hata, Masayoshi Soma, Yutaka Imai, Yoshihiro Kokubo, Tomonori Okamura,
Hitonobu Tomoike, Naoharu Iwai, Toshio Ogihara, Itsuro Inoue, Katsushi Tokunaga, Toby Johnson,
Mark Caulfield, Patricia Munroe on behalf of the Global Blood Pressure Genetics Consortium,
Satoshi Umemura, Hirotsugu Ueshima, Tetsuro Miki

Abstract—Hypertension is one of the most common complex genetic disorders. We have described previously 38 single
nucleotide polymorphisms (SNPs) with suggestive association with hypertension in Japanese individuals. In this study
we extend our previous findings by analyzing a large sample of Japanese individuals (n=14 105) for the most associated
SNPs. We also conducted replication analyses in Japanese of susceptibility loci for hypertension identified recently from
genome-wide association studies of European ancestries. Association analysis revealed significant association of the
ATP2B] rs2070759 polymorphism with hypertension (P=5.3X107; allelic odds ratio: 1.17 [95% CL: 1.09 to 1.26]).
Additional SNPs in ATP2BJ] were subsequently genotyped, and the most significant-association was with rs{ 1105378
(odds ratio: 1.31 [95% CL 1.21 to 1.42]; P=4.1x10""). Association of rs11105378 with hypertension was
cross-validated by replication analysis with the Global Blood Pressure Genetics consortium data set (odds ratio: 1.13
[95% CI: 1.05 to 1.21}; P=5.9X10™*). Mean adjusted systolic blood pressure was highly significantly associated with
the same SNP in a meta-analysis with individuals of Buropean descent (P=1.4X107"%), ATP2B/ mRNA expression
levels in umbilical artery smooth muscle cells were found to be significantly different among rs11105378 genotypes.
Seven SNPs discovered in published genome-wide association studies were also genotyped in the Japanese population.
In the combined analysis with replicated 3 genes, FGF5 1s1458038, CYPI7A1, rs1004467, and CSK rs1378942, odds
ratio of the highest risk group was 2.27 (95% CI: 1.65 to0 3.12; P=4.6X1077) compared with the lower risk group. In
summary, this study confirmed common genetic variation in ATP2B/, as well as FGF5, CYPI7AI, and CSK, to be
associated with blood pressure levels and risk of hypertension. (Hypertension. 2010;56:973-980.)

Key Words: hypertension m genetic variation @ ATP2B1 m Millennium Genome Project m Global BPgen

ecause of its large impact on a number of cardiovascular =60% based on the estimation by 24-hour blood pressure
diseases, hypertension is a major contributor to global (BP) readings,! numerous studies, including recent genome-
health burden. Because hypertension is one of the most wide association studies (GWAS),2-¢ have attempted to
prevalent complex genetic disorders, with a heritability of identify genetic variation associated with human BP levels.
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Except for rare mendelian forms of hypertension,’ the esti-
mated effects of each genetic factor on BP levels have been
found to be small in the general population (typically
<1.0 mm Hg on systolic BP [SBP] and <0.5 mm Hg on
diastolic BP [DBP] per risk allele). However, multiple risk
alleles are known to have a cumulative impact on several
complex traits, including BP and hypertension risk.* In
addition, it is anticipated that identification of novel suscep-
tibility genes would lead to further understanding of disease
pathogenesis.

As a part of a series of nationally based cooperative
projects, the Millennium Genome Project (Millennium GPJ),
we conducted multiple candidate gene analyses to identify
susceptible genes and polymorphisms for hypertension. In a
previously reported study,® we focused on 307 genes, which
were genes encoding components of signal transduction
pathways potentially related to BP regulation, including
receptors, soluble carrier proteins, binding proteins, channels,
enzymes, and G proteins. That study identified 38 single
nucleotide polymorphisms (SNPs) as suggestively associated
with hypertension by analysis of 758 hypertensive patients
and 726 normotensive controls.® To extend our previous
study, we have now genotyped all 38 of the SNPs in a
replication panel composed of 1929 hypertensives and 1993
normotensives and have taken forward validated SNPs with
further genotyping in a large Japanese genetic epidemiolog-
ical cohort sample (n=14 105). An in silico validation anal-
ysis of our most promising loci was performed using the
Global Blood Pressure Genetics (Global BPgen) consortium
data set, a large-scale GWAS of samples of Buropean
descent.? Furthermore, we also conducted a replication anal-
ysis of recent European GWAS-derived susceptible loci for
hypertension from Global BPgen® and CHARGE (Cohorts for
Heart and Aging Research in Genome Epidemiology)
GWAS? in a Japanese large-scale general population sample
(Figure S1, available in the online Data Supplement at
http://hyper.ahajournals.org).

Methods

Case and Control Subjects (Screening Panel)

Details of the screening panel subjects have been described previ-
ously.® Briefly, hyperiensive patients and normotensive controls
were recruited in the Asahikawa, Tokyo, Osaka, and Hiroshima
regions of Japan according to the following criteria. Hypertensive
subjects (n==758) had a previous diagnosis of hypertension at
between 30 and 59 years of age and were either being treated with
antihypertensive medication or had a SBP >160 mm Hg and/or DBP
>100 mm Hg. They had a family history of hypertension in their
parents and/or siblings and were not obese (body mass index [BMI]
<25 kg/m®). Nonmotensive controls (n=726) aged >45 years were
recruited from the same regions. These individuals have never been treated
with antihypertensive medications, and their SBP was <120 mm Hg and
DBP <80 mm Hg. They had no family history of hypertension. All of the
subjects were unrelated and were native Japanese.

Cohort-Based Population Samples

Seven independent study cohorts for cardiovascular diseases and
related risk factors were combined to compose a large-scale Japanese
genetic epidemiological population sample of 14 103, The Ohasama,
Shigaraki, Takashima, Suita, and Nomura studies are general
population-based genetic epidemiological studies. The study subjects
were recruited via a medical checkup process for community

residents. The 2 other cohorts, Yokohama and Matsuyama, are
derived from employees of large manufacturing industries. The
clinical parameters used in this study were obtained from personal
health records during annual medical checkups. Further details of the
study cohorts are described in the online Data Supplement.

Nested Case and Control Subjects Derived From
the Cohort-Based Sample (Replication Panel)
Hypertensive cases and normotensive controls were chosen from the
cohort-based population samples described above (n=11 569; the
Suita study was excluded because of ethical issues). The selection
criteria of the hypertensive and normotensive subjects were as
follows: hypertensive subjects (n=1929) aged =64 years and either
treatment with antihypertensive medication and/or SBP
>160 mm Hg and/or DBP >90 mm Hg: nomotensive subjects
(n=1993) aged =40 years and having SBP <120 mm Hg and DBP
<80 mm Hg; and no current use of antihypertensive medication and
free from any history of cardiovascular disease.

Global BPgen (In Silico) Analyses

To investigate cross-validation of the most promising SNPs, we
obtained results for 4 SNPs in the ATP2B/ gene from the Global
BPgen consortium, a study that is composed of {7 GWAS studies

with 34 433 individuals of European descent. A detailed description.

of the study design and phenotype measurement for all of the cohorts
has been reported previously.?

Validation of Published BP Polymorphisms in the
Japanese Millennium Cohort

Thirteen loci have been identified recently and vobustly validated for
association with BP and hypertension in recent large-scale GWAS of
European samples, by the Global BPgen consortium® and the
CHARGE consortium.? From the associated SNPs reported at these
13 loci, we selected SNPs expected to have minor allele frequencies
in Japanese samples >0.10, based on the HapMap database (JPT
only. Public Release No. 27)%: FGF5 rs1458038, CYPI7Al
rs1004467, CSK rs1378942, PLCD3 rs12946454, PLEKHA7
rs381815, ULK4 rs9815354, and CSK-ULKS3 rs6495122. These 7
SNPs were genotyped in the Japanese population-based cohort
sample to fest whether the same associations exist in samples of
Japanese ancestry.

Genotyping

Genomic DNA was extracted from peripheral blood. All of the SNPs
were analyzed by TaqMan probe assays (Applied Biosystems Co.
Ltd) using commercially available primers and probes purchased
from the Assay-on-Demand system. The fluorescence level of
PCR products was measured using an ABI PRISM 7900HT
secquence detector.

Ethical Considerations

All of the study procedures were approved by the ethics committee
of each university or research institute. Written informed consent
was obtained from all of the participating subjects.

Ex Vivo Expression Analysis of ATP2B1 mRNA
Umbilical artery smooth muscle cells were isolated from umbilical
cords obtained at delivery (n=34). Expression levels of ATP2BI
mRNA were analyzed by RT-PCR using a relative quantification
method. Further details of the ex vivo expression analysis are
described in the online Data Supplement.

Statistical Analysis

At each SNP, frequency differences in each genotype among
hypertensive and normotensive subjects were assessed using a x*
test. Linkage disequilibrium (LD) coefficients were calculated using
the Haploview software (Broad Institute).? Adjusted odds ratios for
hypertension, as well as coefficients and SEs for SBP and DBP, were
calculated using logistic and linear multiple regression analysis,
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Table 1. Association of ATP2B1 SNPs With Hypertension in the Screening and Replication Panels
Screening Panel Replication Panel
Genotype Call Genotype Call
SNP Genotype Frequency HWE Rate 0dds (P} Frequency HWE Rate 0dds (P) Overall Odds (P)
151401982 AANAG/GG HT 318 328 92 0603 963 1.28(0.001) 825 833 247 0.108 987 1.25(3.0x107% 1.26 (1.5x10™%
NT 249 324 118 (.474 699 961 305 0.397
152681472  AA/AG/GG HT 335 321 90 0.33¢ 97.8 1.26(0.003) 846 832 242 0.095 995 1.26 (1.0%107% 1.26 (8.7X1079
NT 267 328 111 0.539 715 966 303 0.431
182070758  GG/GT/TT HT 216 379 151 0515 978 1.16(0.045) 582 896 399 0.118 97.2 118 (4.4X107% 117 (53%107%)
NT 186 341 175 0.454 507 956 474 0579
1s11105364 TT/TG/GG HT 335 322 88 0432 972 1.29(0.001) 846 834 236 0171 993 1.25(24X107% 1.26 4.1x1079%
’ NT 261 323 113 0438 729 847 303 0.874
rs11106378 CC/CT/TT HT 353 301 76 0276 87.3 137 (6.3><10“5) 868 821 217 0280 98.8 1.28 (1.4%1077) 131 4.1x107")

NT 280 320 108 0.295

746 922 300 0.586

The screening panel is composed of 758 middle age—onset severe hypertensive patients and 726 middle-aged fo elderly evidently normotensive controls (Table
S4). The replication panel consists of 1929 hypertensive cases, and 1993 normotensive controls selected from 11 569 cohort sample were enrofled (Table §2). ORs

and P values for allelic mode! are shown.

adjusting for sex, age, age®, BMI, and cohort variables, using
additive (1 degree of freedom) and genotypic (2 degrees of freedom)
genetic models. Adjustment for treatment with antihypertensive
medication was achieved by adding fixed constants to measured
values (+15 mm Hg for SBP and +10 mm Hg for DBP)."® The
Global BPgen data and statistical methods have been described
elsewhere.? Meta-analysis was performed assuming fixed effects and
using inverse variance weights. An unweighted genetic risk score
based on 4 SNPs (ATP2B/ rs1105378, FGF5 151458038, CYPI7A]
rs1004467, and CSK rs1378942) was calculated by adding the
number of risk alleles showing higher BP values. Risk allele of each
SNP was defined as follows: ATP2BI, C allele; FGFS5, T allele:
CYPI7AI, A allele; and CSK, C allele. The CSK-ULK3 SNP
r$6495122 showing positive association with BP trait and hyperten-
sion was not included in the calculation of genetic risk score, because
the strong LD with the CSK SNP 151378942 (D' =0.884; ~=0.731)
is most parsimoniously explained by both SNPs tagging a single risk
variant. Differences in mRNA expression levels among the ATP2B/
rs1105378 genotype were assessed by ANOVA. The statistical
analyses were performed using a commercially available statistical
software package (JMP version 8, SAS Institute).

Results

Replication Genotyping

The clinical characteristics of the replication panel chosen
from the cohort-based population samples (Table S1, avail-
able in the online Data Supplement) are shown in Table S2.
Stringent case and control definitions, corresponding with the
extreme upper =17% and lower ~17% of the general
population, were used to maximize power for fixed genotyp-
ing costs.!* Thirty-six SNPs were successfully genotyped,
and results for all of the SNPs are shown in Table S3.
Significant association was observed for the ATP2BI
152070759 polymorphism located in intron 8 (P=4.4X107%
allele odds ratio [OR}: 1.18 [95% CI: 1.07 to 1.29]). Several
other SNPs also showed marginally significant association;
however, the P values did not reach statistical significance
after application of Bonferroni correction for multiple com-
parisons (threshold: 0.05/36=0.0014; Table S3; we note that
no other SNPs are significant if the less conservative
Benjamini-Hochberg procedure is used to control the false
discovery rate at 0.05). Although, the replication results in the

less-strict nested case-control sample chosen from the same
population sample have been reported in our previous article,$
the association was recalculated to narrow down the SNPs to
be applied to the following dense SNP analysis.

Dense SNP Analysis of the ATP2B1 Gene

To more precisely identify the SNP or SNPs increasing
susceptibility for hypertension, we performed “de novo”
genotyping of a dense SNP panel around marker rs2070759
in individuals from the original screening panel (Table S4).6
Forty-one tag SNPs located in a 167-kb region around
152070759 were selected using the HapMap database (Table
S5)8 Among the 27 SNPs polymorphic in our Japanese
sample, the most significant association was observed with
rs11105378; this yielded an allelic P value of 6.3X107° (OR:
1.37 [95% CI: 1.17 to 1.60]; Table 1 and Figure S2).

The most associated SNP and the 4 others from the dense
SNP analyses were subsequently genotyped in the replication
panel. Significant association of 1511105378 was confirmed in
the replication panel with an allelic P value of 1.4X10™7 (OR:
1.28 [95% CI: 1.17 to 1.41]; Table 1). Meta-analysis of both
study panels indicated significant association (P=4.1X107"";
OR: 131 [95% CL 1.21 to 1.42]) and confirmed that the
strongest association is seen for rs11105378. The D' and /2
measures of LD between 152070759 and rs11105378 were 0.92
and 0.8, respectively. Other SNPs, rs1401982 (D'=0.99;
r?*=0.64), rs2681472 (D'=0.99; =0.61), rs11105364
O'=0.97; *=0.59), located within the same LD block, were
also significantly associated with hypertension (Table 1). The
strong LD between associated SNPs suggests a single true
association signal in this region.

We examined for possible association of SNPs in the
ATP2B4 gene, a well-investigated isoform of the ATP2B]
gene, with hypertension in the screening panel. We observed
no significant correlation with the 17 SNPs analyzed, which
were selected using the HapMap database (Table S6).

Population-Based Meta-Analyses of ATP2B1 SNPs
The complete Japanese population-based sample was subse-
quently genotyped for the 4 most significant SNPs in

Downloaded from hyper.ahajournals.org at National Cardiovascular Center on June 13, 2011

s8¢

7- 8




976 Hypertension November 2010

Table 2. Meta-Analysis of ATP2B1 SNPs With BP Traits

Millennium GPJ Global BPgen CHARGE* Pooled
Coded n Coefficient n Coefficient n Coefficient Coefficient
SNP Allele  (Frequency) (SE), mmHg P {Frequency)  (SE), mm Hg P (Frequency) (SE), mmHg P {95% Cl), mmHg P
SBP
rs1401982 G 13944 -1.22 1.8x1077 33885 -0.30 0.022 -0.52 39x10-%
0.376) 10.23% {0.385) 0.13) {—0.74 to —0.30)
152681472 G 14032 ~1.33 1.2%1078 33803 ~-0.62 52x%1¢™* 017 ~1.29 3.5%107H -1.03 8.9%10"™
{0.373) {0.23) (0.158) 0.18) {0.19} (—1.26 o —0.81)
1511105364 G 14013 -1.34  89x10™° 33877 -060  74x107* 0.17 -130  48x107" ~1.03 1.2%107"
{0.364) 023 . 0.179) {0.18) 0.19) (—1.25 to ~0.81)
1511105378 T 13948 -133  15%107°% 33171 —0.59 0.001 0.16 —1.31 9.1x10™" -1.02 14107
(0.360) 0.23) (0.158) (0.18) {0.20) (~1.24 10 —0.79)
pBP
151401382 G 13944 -0.72 2.0X10™7 33888 -0.18 0.041 -0.34 8.1x1078
(0.376) (0.14} {0.392) 0.09) {—0.49 to —0.19)
52681472 G 14032 -0.85 2.7%10~% 33829 —0.35 0.003 0.17 -0.64 3.7x107® ~-0.54 9.7%10™%
{0.373) {0.14) 0.157) 0.12) 0.11) (~0.68 to —0.41)
rs11105364 G 14013 -0.70 45x1077 33888 -0.34 0.004 017 -0.63 1.2%10~7 ~0.54 75x107%%
{0.364) 0.14) (0.158) {0.12) 0.12} {~0.88 to —-0.40)
1511105378 T 13948 -0.70 5.4X1077 33183 -0.33 0.005 0.16 -0.62 3.1x%1077 -0.54 1.6x107 7
(0.360) {0.14) {0.158) 0.12) 0.12) {~—0.68 to ~0.39)

Coefficients and SE for SBP and DBP were calculated under the additive model using multiple regression analysis adjusted for age, age?, sex, and BML. In both
Millennium GPJ and Global BPgen, adjustment for treatment with antihypertensive medication was achieved by adding fixed constants to measured values
{(+15 mm Hg for SBP and +10 mm Hg for DBP).2 In the Japanese Millennium GPJ and also for some cohorts within Giobal BPgen, cohort variables were also adjusted

to avoid residual population stratification.
*Results of the CHARGE Study were obtained from the published article.?

ATP2BI. To further validate and get more precise effect size
estimates in Japanese, for this analysis, hypertensive cases
were defined as individuals with treatment with antihyperten-
sive medication, SBP =140 mm Hg, or DBP =90 mm Hg.
The ORs for the 4 SNPs were all extremely similar (ranging
from 1.19 to 1.21 under the additive model adjusted for age,
age?, sex, BMI, and cohort variables; see Table $7). These
associations were replicated in the Global BPgen subjects of
European descent; the pooled analysis demonstrated in-
creased significance (rs1105378: OR: 1.17 [95% CI: 1.11 to
1.23]; P=7.0X107'%), as expected for a larger total sample
size (n=28 866; Table S7).
We next evaluated the effect of the most associated SNP,
rs11105378, on BP levels in the Millennium GPJ cohort
(Table 2). We adjusted for several covariates that are associ-
ated with BP phenotypes: age (+r=0.362; P<<0.001 for SBP),
BMI (»=0.275; P<0.001), and sex (male: 131.7x18.2;
fernale: 128.6%220.8 mm Hg; P<0.001). In multiple regres-
sion analysis for BP levels, including also cohort indicator
variables as covariates. the results for a 2-degree-of-freedom
test with the TT genotype as a reference identified both the
TC genotype (coefficient=+1.66 mm Hg; P=22%107%
and CC genotype (+2.47 mm Hg; P=4.9%107"%) as indepen-
dent determinants for SBP after adjustment. The TC
(+0.91 mmHg; P=8.0X10"% and CC genotypes
(+1.32 mm Hg; P=18X 107%) were also independently associ-
ated with DBP levels. We depict the covariate adjusted mean
BP levels by rs11105378 genotype in Figure S3. Results of
“each cohort separately are summarized in Table S8. We next
performed a meta-analysis of data from the Millennium GPJ

and 2 large epidemiological studies (Global BPgen and
CHARGE; Table 2). Results show the per-allele differences
in SBP and DBP to be ~1.0 and 0.5 mm Hg, respectively.

Genotype-Specific Differences in Ex Vivo
Expression of ATP2B1 mRNA

Differences in ATP2B] mRNA expression in umbilical artery
smooth muscle cells among rs11105738 genotype are shown
in Figure 1. Assuming a recessive genetic model, cells
homozygous for T allele showed significantly higher levels of

=0.031
5.0 ey
= 1
5 _
% 6.0
g 4
& 7.0
<
S e o .
o
= 80
cc cT ™
(18) (13) (5)

ATP2B1rs11105378 genotype

Figure 1. Ex vivo expression analysis of ATP287 mRNA. Graphs
depict the log? relative expression levels of the ATP2B7 mRNA
in umbilical artery smooth muscle cells obtained by normalizing
to GAPDH. Genotype of ATP2817 rs11105378 of each sample
was analyzed by direct sequencing using isolated genomic DNA
from umbilical artery smooth muscle celis.
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Table 3. Meta-Analysis of SNPs With BP Traits
Millennium GPJ Global BPgen Pooled
Coded n Coefficient n Coefficient Coefficient
SNP Allele  {Frequency)  (SE), mmHg P (Frequency)  (SE), mm Hg P {95% Cl), mm Hg P
Systolic BP
FGF5 T 13826 1.33 1.6%x107® 30850 0.62 1.6X107® 0.81 1A%
151458038 (0.343) {0.23) {0.275) (0.14) (0.58 to 1.05)
CYP17A1 A 14 007 0.89 2.3%107¢ 33735 0.94 1.0x1078 0.92 6.2x10~*
151004467 (0.680) (0.24) {0.901) {0.21) (0.61 10 1.23)
CSK C 13920 0.77 0.007 34126 0.62 24X107° 0.85 42x107°
151378942 (0.803) (0.28) {0.36) (0.13) (0.42 to 0.88)
PLCD3 T 14 003 0.1 0.703 32120 0.68 3.9x107 0.57 2.5%x107°
512946454 {0.831) (0.30) (0.28) {0.15) (0.30 to 0.83)
PLEKHA7 T 14030 0.11 0.687 33706 0.52 26%10™* 0.44 471074
15381815 (0.199) {0.28) {0.26) (0.14) (0.19 to 0.68)
CSK-ULK3 A 14014 0.68 0.017 33308 0.47 2.4X1074 0.51 1.7x107°
156495122 (0.812) {0.28) (0.45) {0.13) (0.28 t0 0.74)
ULK4 A 13976 —0.67 0.059 32034 0.17 0.297 0.01 0.950
rs9815354 (0.116) (0.35) 0.18) (0.17) (—0.29 to 0.31)
D8P
FGF5 T 13826 0.73 1.8x1077 30 850 0.55 1.5%1078 0.61 6.1x1074
51458038 {0.343) {0.14) {0.275) (0.10) {0.45 t0 0.77)
CYP17A1 A 14 007 0.29 0.047 33735 0.40 5.4x1072 0.35 4.9x10*
51004467 {0.880) 0.14) {0.901) (0.14) {0.15 10 0.54)
CSK C 13920 0.4 0.015 34126 0.48 5.9%1078 0.46 5.2x10™°
151378942 {0.803) 017) (0.36) (0.09) {0.31 10 0.62)
PLCD3 T 14003 0.14 0.426 32120 0.34 57x107*% 0.30 19x10™*
1512946454 (0.831) 0.18) (0.28) (0.09) {0.14 to 0.46)
PLEKHA? T 14030 0.13 0.437 33706 0.23 0.014 0.20 0.018
15381815 (0.189) 0.17) {0.26) (0.10) {0.04 10 0.37) ’
CSK-ULK3 A 14 014 0.38 0.027 33308 0.35 42%1078 0.36 7.4X107¢
156495122 (0.812) 0.17) {0.45) (0.09) (0.20 to 0.51)
ULK4 A 13 976 0.21 0.325 32034 0.40 2.9%10™4 0.36 2.3x107*
159815354 {0.1186) (0.21) {0.18) (0.11) (0.17 to 0.55)

ATP2B] mRNA as compared with cells carrying 1 or 2 C
alleles (#=0.031; see Figure 1). Under an additive genetic
model, the overall P value was marginally significant
(P=0.091).

Replication Analysis of European GWAS-Derived
Susceptible SNPs in Japanese

We next conducted a replication analysis in the Millennium
GPJ, in which we tested associated SNPs identified in recent
large-scale European GWAS by the Global BPgen? and the
CHARGE consortia.® From the 7 most promising SNPs of
which the minor allele frequency in Japanese was >0.10
based on the HapMap database, 4 SNPs, namely, FGF3
rs1458038, CYPI7AI rs1004467, CSK 151378942, and CSK-
ULK3 rs6495122, showed significant association in either
binary trait analyses (Tables S9) or quantitative trait analysis
(Table 3 and S10). The most significant association was
observed with FGF5 rs1458038; this yielded a P value of
1.6X10™% (+1.33 mm Hg) with SBP and 1.8x1077

(-+0.73 mm Hg) with DBP in the Millennium GPJ cohort, and
the effect size was greater than that of Europeans (Table 3).
Meta-analysis of both study panels with data from Global
BPgen indicated further significant associations.

Multiple Regression Analysis for BP Trait and
Hypertension in Japanese

To clarify whether the 4 susceptibility SNPs (ATP2BJ,
FGF5, CYPI7AIL and CSK) were independently associated
with BP traits and hypertension, multiple regression analysis

was performed with possible covariates (Table S11). After

adjustment for age, age®, sex, BMI, and drinking habits, this
analysis confirmed that all 4 of the SNPs were independent
determinants for both BP traits and hypertension.

Combined Effect of Risk Genotypes

on Hypertension

A risk score for 4 susceptible genotypes was calculated to
evaluate their combined effects on hypertension. ORs asso-
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Figure 2. ORs for hypertension according to the number of risk
genotypes Number of risk genotype was calculated by the
following 4 SNPs: ATP2B7 rs1105378, FGF5 rs1458038,
CYP17A1, rs1004467, and CSK rs1378942. Hypertensive sub-
jects were defined as being treated with antihypertensive medi-
cation, SBP =140 mm Hg, or DBP =80 mm Hg; normotensive
subjects were defined as all not treated with antihypertensive
medication, SBP =120 mm Hg, and DBP =85 mm Hg.?
Adjusted OR for hypertension and BP levels were calculated
using logistic and linear multiple regression analysis, adjusting
for sex, age, age®, BMI, and cohort variables. Frequency of
hypertension and P values for the hypertension cdds are shown
in the top of column and the bottom of square, respectively.

ciated with increasing number of risk genotypes in a covari-
ates adjusted logistic regression model! are depicted in Figure
2 (overall P value was 5.4X107%). Compared with the
reference group (5 risk genotypes), individuals carrying 7 or
8 risk genotypes had higher risk (OR: 1.43 [95% CI: 1.20 to
1.72]; P=1.0X107% in contrast to the lower OR of individ-
vals with =2 risk genotypes (OR: 0.63 [95% CIL 0.47 to
0.85]; P=0.020). The OR of the high-risk group was raised to
2.27 (95% CI: 1.65 to 3.12; P=4.6X1077) compared with the
lowest risk group. Adjusted per-allele OR for hypertension
was 1.17 (95% CI: 1.12 to 1.21; P=4.0X107"). The distri-
bution of the Japanese population sample among the number
of risk genotypes is shown in Figure $4.

Discussion
The present study has identified SNPs located upstream or
within the ATP2B] gene as strong susceptibility polymor-
phisms for hypertension in Japanese. These are findings that
have also been reported recently in individuals of European
descent® and in Koreans.* Although numerous studies have
attempted to identify genetic markers for hypertension over
the past 2 decades, there has been little cross-validation of
loct in different ethnic groups so far except for mendelian
forms of hypertension. The SNPs in ATP2B/ identified in this

study showed significant association in large-scale studies in
populations with different ancestries and using different

discovery approaches, including GWAS in the CHARGE -

consortium and the Korean study and an independent candi-
date gene analysis in our present study. Similar findings in
different ethnic groups with different methods further
strengthen these findings and indicate the ATP2B/ gene
region as a susceptibility locus of likely global significance
for BP variation and development of hypertension. Two
replication results very recently reported by another Japanese
group'* and a Korean group!® also indicated the disease
susceptibility of ATP2BJ SNPs located in the same LD block.

No biological data have been provided whether SNP
151105378 or other SNPs in strong LD have any effect on the
transcriptional activity or transcriptional regulation of the
ATP2B] gene. Furthermore, although alternative splicing has
been found to generate several variants of ATP2BI mRINA,
the SNP associations that we have observed do not shed light
on whether this is a potential mechanism for affecting BP.
Our data first showed that the effect of SNPs on ATP2B1
gene expression levels is a potential mechanism by which
disease-associated SNP alleles cause the phenotypic changes.
Changes in the ATP2B] gene product levels are involved in
BP regulation. We found no microRNA harboring
rs11105378 in the miRBase database.!*

The ATP2B] (so-called PMACT) gene encodes the plasma
membrane calcium ATPase isoform 1, which removes biva-
lent calcjum ions from eukaryotic cells against very large
concentration gradients and plays a critical role in intracellu-
lar calcium homeostasis. Although pathophysiological impli-
cations of ATP2B] gene products on the development of
hypertension are uncertain, it has been reported that inhibition
of ATP2B] by the selective inhibitor caloxin 2A1 showed
endothelium-dependent relaxation of rat aorta by increasing
cytosolic Ca®* concentration and consequent activation of
endothelial NO synthase.'s Other information on the role of
ATP2BI has been obtained from experiments using bladder
smooth muscle cells: contractility measurements on these
cells have documented the important role of ATP2BI in the
extrusion of Ca®* after carbachol stimulation or depolariza-
tion with potassium chloride.!” These reports suggest altered
vascular reactivity as a plausible explanation for disease
susceptibility of ATPZB/ gene.

In mammals, calcium ATPase isoforms are encoded by =4
separate genes (ATP2B] to ATP2B4).'¢ It has been reported
that overexpression of the human ATP2B4 gene in arterial
smooth muscle cells in mice increases vascular reactivity and
BP purtly because of negative regulation of neuronal NO
synthase.!® We, therefore, examined the possible association
of ATP2B4 gene polymorphisms with hypertension by using
the screening panel. However, no significant correlation was
observed in the 17 SNPs analyzed, which were selected by
reference to the HapMap database. The pathophysiological
association of plasma membrane Ca®* pump with BP regu-
lation may be isoform specific.

Numerous studies, including the recent GWAS,?*-¢ have
attempted to identify genetic variations associated with hu-
man BP levels. At present, it is not clear to what extent
findings from GWAS in one population can be extrapolated
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to other populations with different lifestyles and genetic
background. However, the present study provides a cross-
validation of 4 of 7 SNPs (most likely representing 3 of 6
independent signals) derived from European GWAS. Repli-
cation studies in other Japanese'? and Korean'® populations
also reported the cross-validation of European GWAS-
derived SNP. Conservation of susceptible loci for hyperten-
sion was independent of ethnic background. This finding
suggests an existence of unidentified common etiology of
essential hypertension in relation to the susceptible genes and
their physiological pathways.

Although individual common genetic variants confer a
modest risk of hypertension. their combination showed a
large impact on hypertension. The genetic risk score was
associated with =<2.27-times greater odds for hypertension.
Similar observations have been found in other common
diseases and multifactorial phenotypes, including, for exam-
ple, type 2 diabetes mellitus,?® serum lipid levels,? and serum
uric acid levels.2 We reported previously that the findings of
the cross-sectional analysis revealed a similar association in
the longitudinal analysis??; the fat mass and obesity-
associated gene polymorphism was an independent risk factor
for the future development of obesity after adjustment for
possible confounding factors. The present cross-sectional
study cannot address the question of whether the ATP2B/
polymorphism and other susceptible variants predict future
development of hypertension. However, recent articles inves-
tigating a prognostic significance of susceptible variants for
type 2 diabetes mellitus®* and cardiovascular disease®
showed poor predictive performance of common variants in
spite of the high OR observed in subjects carrying multiple
risk alleles. A small proportion of the genetically high-risk
persons attributed to independent inheritance of risk alleles
may make it difficult to discriminate intermediate-risk per-
sons. Genetic information may be most useful to identify a
high-risk individual’s need for early intervention.

Several definitions of hypertension were used in this study
10 explore susceptible SNPs with modest effects and to
further validate the susceptibility. Since it was expected to be
underpowered to detect the effects of common variants in a
dichotomized analysis with slightly elevated BP, subjects
with high normal BP were excluded from the 65 347 case-
contro] analyses. All of the alleles associated with hyperten-
sion in a dichotomized analysis (Table S7) were also associ-
ated with BP levels (Table 2). Our methodology may, thus, be
appropriate to identify susceptible variants for hypertension.

Perspectives

We have identified SNPs located in the ATP2B/ gene region
as susceptibility loci for hypertension in Japanese using a
multistage association study, an association that has now been
confirmed across different ethnic groups. Differences in the
ex vivo ATP2BI mRNA expression levels further supported
the disease susceptibility of SNP rs1110578. We also repli-
cated the susceptibility of the Buropean GWAS-derived SNPs
in Japanese. Because hypertension is a trait that is preventable
by dietary and exercise interventions, early detection of
at-risk populations using genetic information may be useful
in preventing future hypertension-related diseases.
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SUPPLEMENTAL METHODS

ex vivo expression analysis of ATP2B1 mRNA

We obtained 34 umbilical cords at delivery (Kosei General Hospital). Umbilical arteries
were excised from the cords and cut into small pieces. Umbilical artery smooth muscle
cells (UASMCs) were separated using Hanks buffer containing 2 mg/ml collagenase
and cultured in HuMedia-SG (Kurabo, Osaka, Japan) supplemented with epithelial
growth factor (0.5 ng/ml), basic fibroblast growth factor (2 ng/ml), insulin (5 pg/ml),
antibiotics and 5% fetal bovine serum. Total RNAs was extracted from UASMCs during
early passages using TRIzol reagent according to manufacturer’s instructions
(Invitrogen, Carlsbad, CA). First-strand cDNA was synthesized from 500 ng of the total
RNA using a PrimeScript st strand cDNA Synthesis Kit (Takara Bio, Shiga, Japan),
and then diluted five times for subsequent real-time PCR (RT-PCR). RT-PCR was
performed using TagMan Gene Expression Assays on a 7900HT Sequence Detection
System (Applied Biosystems). A relative quantification method [1] was used to measure
the amounts of ATP2B1 (TagMan assay ID, Hs00155949 m1) with
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Hs99999905_m1) as an internal
control. Genotype of ATP2B1 rs11105378 of each sample was analyzed by direct
sequencing (BigDye Terminator v3.1 Cycle Sequencing Xit on a 3730x1
GeneticAnalyzer, Applied Biosystems) using isolated genomic DNA from UASMCs
(QIAamp DNA Mini Kit, QIAGEN GmbH, Hilden, Germany). The direct sequencing
was performed with the following primers; forward
5’-TTCATAGCCCTTTTCATCTCTTTC-3’, reverse
5’-AGAATCTCGGGAAAACAGCA-3’.

Downloaded from hyper.ahajournals.org at National Cardiovascular Center on June 13, 2011

>0 3

7 - /8



7-/8

‘spoofqns Surjedionred ([ WO PIUTEIQO SEA JUISUOD POULIOJUT PISUIS "WONNMNSU] 10 AJISIOAIU[) (OB JO 991IUINIOD

sorge ot Aq paroxdde arem sampaooid Aprys [T “$s9001d dn-3{09Y9 [BIIPI [RIUTSIG IO [ENUUE T} SULIND SPIOIAI ifesy [enosiad woy paureiqo o1om
s1ojowered [eOTULD ‘s110y0od {[e uJ ‘Ajeanoedsar [£] (ueder Jo 1red wisisom) 21m109Ja1d SWIYH ‘AND BWRANRA pue eMeSeues] Ul psjeoo] samsnpul wcﬁﬁoﬁzmﬂm
28181 JO $99A0[dWD WO PIALIOP oIe SLIOYOO (AJISIOATUN) SWIYH) eweAnsig|y pue (AsioAtu() A1) pURYONOL) BwIeyosoX dy], 'sseoo1d dn-xoayo jedrpew fenuug
poseq-AJunuiIos € YSnoIy) pajInIoal 91om §109{qng 9] 21n30aje1d SWITYF Ul Pajeso] ANUNUIod [eiiy A[oSIe] e ‘SJuspIsar UMO], BINMION] 2T} UO Poseq %Em
[eo18ojoruapido [euIptISUO] € ST AJISISATU() SUIYF JO APIYS BINWION Y], IHUS)) JB[N0SeAOIpIe)) [BUONEN 94} Jo sseooxd du-3oeyo [eorpowr [eruuoiq e awsoﬂm
poIoal a1om spafqng *[¢] uedef ‘exesQ eole 159818] PUOOSS 9y} UL PAJRIO] A0 URqIN UE ‘A}O BING JO SJUSPISAI A1) U0 PIskq ST 10JU0)) JEJNOSLAOIPIED) ?:oumvm
o £q paronpuoo Apms eing oY, "ss2001d dn-osto [EOIPSTN [ENUUE PISEq-AJUNUILION B YSNOIY) PIUILIOST 31aMm s)0afqng *(armosyeid e31ys) veder [enuso uk
Po1BOO] 218 SUMO) Ujog ‘seIprus jeurpmiSuo] peseq-uonendod [eroudd are 00ustog [EOIPeA JO Ausioaruf) eSIyg Jo sorpms [[] ewrysexe], pue [¢] plereSyg oy pm
s50001d dn-3oaYo [EOIPeW [ENUUE Paseq-AJIUNUIOD € YSNOIY) PAJINIoal aJam §)03[qng “(a1n3oayeid sjemy) veder jo yxed wioypiou oy ur payeoo] Ajunuruod ?Smmx
® §1 umo], ewesey( [z] uewemseour Jg auwroy yo suoneordu [eorur[o oy uo Suisnooy Apnys [eorgojorwaprda [eurpnyrduo] paseqg-uoneindod e sy EESZEM
ooy, £q peronpuod Apmys ewreseyQ oy, ‘sjusfe saisusprodAynue jo 9sn juaumo pue ‘FHw (6 velyy o1ow dmssard poofq orjolserp THWW | uey) Som.m
anssaxd poojq 01j03s4s JO J[e 10 Aue ‘uorsuapadA 's110309d eUISUR pUR ‘UOOIBIUL [RIPIROOAW O)ONS {((JAD) 9SESSIP IR[NOSLAOIpIL)) "(JSFULIW 218 wuz_m\m

ver $'9 L'sT 9T V91 S'€T 59T 50T (%) suaunean antsusyadAqHIYE.
(444 6T €'es T8¢ s6e 1414 Tey Loy (%) vorsuoyadALE

TTIFI'S8 £OIFE 8L $IIF018 SOIF9SL 0'CIF89L LTIFLOL v 6F L STIF6'LL (BHww) 49 o:sma_n.m
U6IFEVEL  GVIFSETI  [TTRLLED  6'8IFSHCL  €I1TFI0EL  S6IFIO0ET  THIFLIEL  96IFI0EI (BHuw) 4g ossaw.w
£p 0 18 SL 0¥ 1'el 611 I'L AAD 30 Lojst M
6 TFET 1'€FP'TT TEFPET 1'€F6°CC 0'€F6TT ['€F9°CC TEFLET ['EF0°ET (w/33) xopuy ssewr %om
6€/69L 1€9/6591 6T9T/LYCT  9LET/O9TT L60T/EE9 1171/298 166/109 vLILITE6Y (ereway/speu) uam
8'SFTHS TOIFL'SY 0PIFITY 6'01F9°S9 I'PIFL'6S SSIFCLS TIFSLS  OPIFLS (s1eaf) owﬂw

(308) (0620 (9L8°7) (9¢5°2) (0eLT) (€LTD) (z6s°1) .

vuIeAnsIeN BUIRYONOX BINWON eng BUITYSEBYE], Deresms purRSRYQ Amﬁﬁows SIo1oWEIR ]

sokordwe Auedwo)

uonendod [e1ousd peseq-AunwuIo))

spdures wonemdod paseq-1.10Y02 oY} JO SONSLIdIEILYD [BITUI) TS S[qeL

20 ¥



‘stroy0ed puISuE pue ‘WONOIBIUT [BIPIEOOATH ‘OXONS SEpR[oul ((JAD)) 9SEasIp Je[NOSBAOIPIE)) 9SBasIp

IE[NOSBAOIPIED JO AI0ISIY AUE WOI) 991) PUe ‘UOHEBOIPaW 9AIsUs)odAyIuE JO 9sh JUOLINO OU ‘SHWW (8 uey) Ss9] JE( PUe ‘SHWW (7] Uey) ssof
J9S 10 [[B pue “19p[0 10 s1eak O pase s100qns SAISUSIOULION (SHWW (6 UEY) SI0W Jg (I J0/pue SHUM (9T ULy} 2I0W JES € PLY IO UONEIIpaw
aarsuspadAynue Y pejeon Sureq oy 219m pue ‘BIUNOA 10 1834 1,9 pade sjoalqns oa1susrodAY eLxejId SUIMO[[0f 3Y) 0) SUPI0ddE

ojdures uonejndod paseq-110Y0d oY) WOLJ UISOYD SIOM §109{qNS [O1UOD JAISUSJOWIOU PUE §3580 IAISUISAAY PAISIN "(JSTFURSW SIE SONJeA

100°0> 0 S'Ly (%) yuoumean sarsusrtedAynuy
100°0> SOFL'LY I'01F0°'16 (8w axssaxd poojq o110ISEI(T
100°0> $'LFS601 6'SIFC VI (3Hur) amssaxd pooyq o1joIsAg
100°0> 0 'S (%) AAD Jo Koty
100°0> L'T¥6°1T IR%E= 274 (u/33) xopur ssewr Apogy
100°0> $91°1/628 6ZL/00Z°1 (oyewoy/oreUr) Xog
0890 $'6FCSS I'LFI'SS (sreak) o8y

d (e66°1) (6261) S

SJONUOD SAISUIOULION

seseo aarsuspodAy

eued wopeondax 9y Jo SONSLIgIOLILYD [BITHILD) 7S 91qeL

Downloaded from hyper.ahajournals.org at National Cardiovascular Center on June 13, 2011

208



7-/8

G

eco)  oLe)  (€TL0) 9tc0 8L T6 ¥ IN
(89+°0) L0'T L6°0 70'1 766 €200 €75 806 8P IH VV/VO/DD  080S0£TsT V#1000

(8650)  (hEv0)  (LL6D) veoo 18t w6 ssL IN
(22s'0) YO'T £6°0 00T I'66 €970  $8T  LL§ WL IH LLOLOD  LIL6SLEST VOU3
. o~
#18°0) (s2L°0) (2s6°0) sve0 195 ¥96  IS¥ IN =
(5L8°0) 70'1 8670 00'T I'66 0010 TSS 916  ThP IH DO/OV/VY  165L96ST 1SV3
=
. [«3
(cv60) @60  (3v60) o cTIs w6 Iy IN g
(L66°0) 101 00'1 00'1 €L6  66v0  96v  ST6 65k IH VV/VO/DD  LS69E77ST  TATYNOVS
(ass0) (e (2eso) oo Iy 9T6 58S IN E
(199°0) 10°T L0'T €01 786 w610 TIb 116 89S IH LLVLVY  066£67¢F  HIVNOV3E
(100°0) B100) (010} 650 ¥y 956 LOS LN 3
200°0) LY 1 ST'T L6 SIT0 66§ 968  T8S IH LIIDOO  6SL0LOTST 192418
(c9z0)  (ov80) (e 8050 00z  9¢8  9¢6 IN Z
(LzS0) LO'T 70’1 501 L'S6  9TI'0 681  SLL  9%6 IH DO/DI/LL  LSEL88ST EVEdIY
(ccc0) 0000 (510 $000 78 968 089 IN | E
(691°0) $0'1 JAN LO'T 786 92¢'0  STE  b68 SL9 IH DD/VOH/VV  €6L8501s1 moaemu
©100) (99900  (0v0°0) o0co o 96 wEL  IN 2
(€£0°0) ST'T bO'1 0Ll v66  TIE0 €97 898  16L IH VV/OV/OO  9819€LEST VOldI¥
’ 2
(632°0) (160) (8v<'0) 8080  ¥LS 186 Ol IN :
(£75°0) 601 00'T €01 986 7970 LSS €26  bTb 1H DD/VO/VY  bSS99LEST  IVIOQE
. g
(994°0) (s3c0)  (6Ly0) 9v0 S8y 986 69 IN 8
(989°0) 0T LO'T €01 oL6  6SI0  6WF VL6 ¥Ob IH DO/VO/VY £€68751 INDOV

SABIPPY  JUBUNUO(  9AISS909Y IRV aeifed  AMH Aousnbayy adKjousn odfr000 (wonsod)

(enjea-d) oner sppO [oueg Burusarog ) dNS s

(oued uopednpdax) uorsualdAY Y SINS 21E8PIPUED 9¢ JO UONTIIOSSY €S d[qEL

s04



778

(821°0) (889°0) (sv7°0) 8vs'0 695 L6 ST¥ IN

(1£0) 48| £0'1 S0'T 786 pHO0  €bS  ¥06 €Sy IH  DODLAL  I8SESSLSI ZdIND
(9p€0) (5£0°0) (090°0) 900 Tes  8z6  00¢ IN -
(S01°0) 01 LT 601 086  beS0  0Sh  7€6 LIS IH VV/VOOO  9SS1L0281  GNA-VIE
@10 (69g0)  (658°0) 01,0 €85 656 80y  IN - P
0S1°0) g b6°0 10T 786 7000 65 L8 Isk  IH LL/OLOD  96bErLEST PNOB
[}
brgo) (800 (@z0) €160 b8 €58 9T IN :
9S1°0) 860 AR 901 L6 H0TO  LOL 988 ST IH DO/VO/VY  60LSILZT  OIVONG
3 =
oo (oo (a0 Sr0  8hb €56 &vS  IN :
(0+9°0) L0'T 201 e 6L6  LET0 62 - TI6 9SS IH VV/VO/OD  £h69€7Zst TIVNG
(co60)  (8c1r0)  (1Z€0) 6L00  tvL 668 Ote  IN S
(6v2°0) 06°0 T 0T 066 8880 SL9 616  LIE IH ODMLLL  8SZI08IsH PIVNG
. 0sc0)  G6L0)  (s350) 7650 €l LT6  STL IN g
015°0) L0'T 86°0 €01 §86  0W00  60€ €98  bEL IH VV/VO/OD  SILSISESE 10d1gy
weyo)  (oveo)  (268°0) 0500 955 806  ¥h¥ IN £
(60£°0) ¥6°0 L0'1 10'1 ¥'96 6£8°0  6IS L6 SIv JH VV/VO/DD  9.9ibLEst E@m
(zst0) toz0)  (058°0) L8T0  8sy  Iv6  S¥S IN 2
(297°0) 560 601 101 616  LT€0  8Ip 196  1IS IH DO/OV/VY geT/s1 £0S0XH
[=3
O100  @en (60 1230 38§56 009 IN 5
(20L°0) 0T 960 001 $L6 1910 ISE 668  SGS IH VV/VOOD  188867Z8H 1004E
. g
(zeo)  (89g0)  (6€T0) 600 zes  Te6 Loy IN | ]
©015°0) 801 10T 50T 986 1200 6%  ¥06 OIS IH VV/¥OO  €9610€781  2dvOld

OALIPPY  JUBUNUO(  9AISS309Y ORIV awi[e) dMH  Aousnbay adfjousn (uomsod)
- adfyousn i ousn)

(onrea-d) oue1 Sppo [oueg SUIUSAING dNS

panupuo) £F SqEL

207



(069°0) (908°0) (£8°0) 9260 €51 6LL 2001 IN

(LS80 £0'1 L6°0 101 9°L6 €10 PSI Lyl 766 IH  OD/OL/LL  758S6TTs1 8V9TIIS
(9ov'0)  (zs0'0)  (8¥0°0) weo 88 vv8 o g IN B
(001°0) 601 ST I't 3'L6 0080 88L 398 £eT IH DO/VD/VY  0980LTTST Swmmoqm
| 9eL0)  (sero)  (szz0) 6800 [eL 106ty AN =
(zeeo £0'1 39! 901 ¥'66 sPv'0 799 L16 143 IH VV/VO/OD  91S0pITs! IVEIDT1H
=
(LLE0) (Zs1°0) (c5°0) 610 09L 88 $6T IN 5
(ziro 26'0 17’1 £0'1 9'L6 2910 $69 14 39T IH D9HOD/DD  TLLITEEST AN
(660°0) OLy0) (£37°0) 1620  29¢ 186 £09 IN m
(¥01°0) 48! ¥6°0 €01 0'86 SLO0 0Lt 768 $€9 IH OD/VO/VY  68FLILEST (433}
el
€ro)  @ero)  (00T0) 60 619 196 9E  IN S
(eLg'0) [4%! 90’1 90’1 7’86 8’0 88S 126 L8E IH  DD/OL/LL £2067681 Noau.m
(€9g0)  (6£10)  (s€v0) oo wy L6 wis o IN £
(z9T0) 66'0 [AN! P0'1 1°66 6110 0ty 166 s6t IH DDOV/VV  6ES9PLEST QRA:CAR:S
(£v8°0) (665°0) +18°0) 691°0 979 Se6 96¢ - IN m
(c08'0) 86°0 P01 10°1 $'86 979'0 $6S 1¢6 I8¢ IH  DO/OL/LL  8IS8EIIst SEHW
(129°0) (650°0) (951°0) £ee0 Ity 826 149 JIN W
(591°0) $0'1 91’1 LO'1 096 (4320 B 74 ov6 L¥S IH  DD/OLLL  TSEP9Lest d141ddd
2
(L0Z'0) (657°0) (251°0) $T6'0 686 618 Ll IN 3
(sec0) S1't 80'1 L0'1 66 ¢Is0 616 S08 681 IH DO/DLIL  £668LTTST INNOE
=
. z
8e90) (000 (950°0) £800 6L 086 699 IN &
(T10°0) £0°1 81 60'1 66 I€10  86C £56 099 IH VV/OV/OD T5901.L81 PENNDA
AMIPPY  JUBUIUO(]  SAISSO09Y MBIV aeife) HdAMH Aauanbayy adAiouan) sdk10u50) (uonsod) .

(snyea-d) oner sppO [oued SumaaIog dNS

panuyuo) £ AqEL, .

208



S 78

(g e1qe],) o1dures 110Y00 695°T] B WO PIJOS[OS S[OIUCD SIAISUSJOULIOU £66°] PUE S3580 dAISUKadAY 676°T JO sIsisuoo [aued uoneorjdor oy

, 2011

hurnals.org at National Cardiovascular Center on June 13

eel
=3

(102°0) (297°0) (6£1°0) oLy’o 91§ 66 99¥ IN 2

(6££°0) 011 60°1 01 v'L6 65£°0 SLy §T6 06¥ IH VV/VD/DD  06£55CTsT TINA

(999°0) ) (993°0) 0890  ¥l¢ 7e6 61L IN 3

(€6¥°0) S0°1 $6°0 101 L'86 6£0°0 61¢ 898 61L IH Vv/vD/AHD  SLOT6TTST ﬁm:OUq.m.

. 3

(z600)  (9560)  (09€0) 0e0 8L g6 ble AN &

(112°0) 9r'l 001 ¥0'1 0'66 9970 S1L 068 80¢ IH DOH/HOV/VV  0799¢7Tst 1TVZOIS

SAIPPY  JUBUIUO(  9SAISS909Y oIV aeife)  HAMH Kouonboexy odfi0u0D) sdf10u00) (uomsod) om0,
(onjea-d) one1 sppO [eued SuluesIog _ dNS

panunuoe’) €5 9qEL

209



7-/8

-norsuapadAy Jo A103s1q ATTUURY OU pRY pur ‘SHWWI () Uey)

$$9] JE(I pUe SHWW 07 ] ULy ssof JgS & Pey ‘SUonusIpsw sAIsusadAynue [iM pajean} Usaq IoASU pel] ofm (s1894 G uey) arow pafe) spolgns

A[10p]o 03 poSe-o[pPIt S[ONUO0D SAISUIOWION surjqrs 1o/pue sjueted 1oy Ul uotsuoltedAy Jo A103s1y AJruey e pey ‘SH 001 Uey 210t

Jddd 1o/pue SHWW (9] ULy} oIow JgS © Pey I0 UONROIpow aAIsusLodAynue yiim pajeal; Sureq 9o a19m 93 JO s18ak 66 pUe O Uoamiaq

1e notsuaiedAy Jo sisouderp snoraeid e pey oym ‘sjuonjed oA1SUeNLdAY 959GO-UOT (S9SBO SAISTOMOAAH UONRIASD PIEPURISFUERSUI STE SONJEA

- (8°59) 66¥ ((%) v) uopeopou sArsuENEdAYNUY

9 LFOTL L'STFE 001 (BHurur) gg ororserq
0ZIF6'SI1 9YTFSE9] (BHmuw) Jq o1j0IsAS
6'CFLTT 0'€F9"€T (uy/3%) xeput ssewr pog
¥'6F8°C9 0'TIF0°65 (s1e0K) 08y
(8°5L) 0SS (L) ¥9S (%) W orey
(92L) (85L) S—

STOINI0D SAISUS}OULION

59580 9AIsSUSRdAl

Pued Suruaaras ay) Jo SOHNSLIGIRIRTD [BIMUI[) $S dqE]

Downloaded from hyper.ahajournals.org at National Cardiovascular Center on June 13, 2011

270



78

01
@80 (6000  (#60°0) o180 9 eIl 165 IN (3£787588)
(1170) 68°0 6L°0 18°0 $L6 9850 L bPT 16§ IH DO9/OLILL 601LI0LISI
66500  (c0£®)  (bSS°0) €L0  ¥s Lt Ll IN (Or6vzs3s) B
(68€°0) 060 T S0’ oL6  PEO0 79 $9T Ik IH OODULL  STSLSESt =
Goro)  (LoLo) oreo 0 9 60 IN (z637539) p
971 Yal 986  LT60 0 s gL IH DDIV/VV  6I89SEIST 5
g
IN (86907588) E
AN IH VV/VO/DO  pSI0TSIST 8
. (8000)  (egg0)  (300°0) 00£0  8es 651 - 91 IN (L6561538) 3
(820°0) L€1 2T €1 L'S6 7690 0TS 80T €T IH VV/VODD  ILEPSSTST £
z
IN (15281538) S
AN IH OD/OIILL  9709T¢Hs E
IN (86651588) z
AN IH VV/VO/OD 7168680181 2
IN (05951588) £
AN IH OODLLL 1188681 2
@100 (Lo00)  (100°0) vlyo - 8IL - wek o GveIN (0£L£1588) 2
(900°0) sl Pl 871 £96 €090 6  8TE  8IE IH OD/OV/VY  78610vIsI £
g
3
IN (195715889 3
AN IH VV/VODO  ££1006€ST %
=
g z
80g0)  (1g0)  (165°0) 810 w05 LD W IN (6159988) ]
(965°0) L6°0 L0 560 6L6  1L60 TvS 161 LI IH VV/VO/DD  010076€ST 197dLY
SANIPPY  JUBUIWIO(]  SAISSDI0Y PRIy aeI|EDd HMH AKouonbox adAjousn) sdA10m0 (wonysod) o100
(anjea-d) oner sppO [ourd Suruoarog dNS

(roued Surudaxss) auds 7z JLY 91} JO SISA[eue NS 9SUa(J SS 3[qeL

277



-8

7

1T

IN (1557L588)
AN IH VV/VUIL 9108518t
N (sz11L589) B
N IH OD/OV/VY ~ 689SL6LST =
0610)  (9z20)  (€1€°0) €90 - 81 v 8L IN (ST019538) P
(Tzr o) 81'1 o1 80'1 ¥16  S8¥0 891 78 961 IH DD/OV/VY  6TE6E6ST 5
g
IN (58979588) 5
AN IH LL/IO/DO  LTEYSOTSE 8
IN (011£5588) 3
AN IH VV/VO/OO  96£0S0IST :
el
©Qoro)  (LzEo) weo T 0r 589 IN (z£0£5588) S
(89%°0) €1 RE'1 616  €L0 0 LI OEL IH DODLIL  S6E0SOISE E
e (0so0)  (€11°0) loio 9 8l sis IN (zsEsts8s) F
©950°0) £9°0 €1 €71 ¥86 9100 0l €01  8€9 IH 00/OV/VY  8SLOLOTSI z
(cs00)  (L6T0)  (#50°0) LCLA LU A IN (£9811589) g
©60°0) 1€ €11 ST 9'L6 SISO ISI 6L 91T IH LLIDMDO  65L0L0TSE 2
IN (1525€588) 2
AN IH D0/00/00 988r19TIst £
©000)  Gvo0)  (£00°0) 6es0 L9 st I IN (060££588) 3
@10°0) SL0 bLO 6L0 §L6  PEE0  SEE 1TE 06 IH VV/VODD  TLpI89Tst E
=
=
IN (ThLTES88) 8
AN IH LI/IO/OO  £810TSISE 16741V
SAWIPPY  JUBLIWO(  SAISSO0Y PNV aeIfed  HMH Kouonbayy odAjousn sdk1005 (wonisod) .
(enyea-d) oner sppO [eued SWUooIg dNS

panunuoy) S§ 3qeL

2/ 2



7-7%

Gl
(8900)  (1z00)  (€10°0) ¢leo e 9te 301 IN (866+1988)
(9€0°0) 780 0L0 780 9'L6 €880 TEE  8TE €8 IH VV/VODD bLOOETTISE
(OLsTy)  (5000)  (014€9) s6to o8t oze 01 AN (2L371988) .
(OT:9Y) 690 $9°0 £L°0 €16 9LTO 6SE  T0E 9L IH OO/DIL/LL  SLESOITISE =
(LLs0)  (esT0)  (89€0) 0660 &5 8T 9LE IN (L6790988) %
(Zoz0) 060 o'l 80'] $6  STO0 19 09T  61p  IH OOMLILL I1L89€8LISI 5
. | 5
Loo0)  (£900)  (900°0) 68¢0 eIl zie Lz IN (61£50088) 3
(910°0) 05'1 w1 yT'l 716 sy€0 L8 Sze  €ge  IH OODLILL  6STOELLST 8
(c000)  (z800)  (s00'0) eizo et 09¢ ¥z IN (2L586538) E
(s10°0) €S'T 17T T Ov6 €880 68  ¥8T  6vE  IH OO/OD/OD  89ESOIIISI z
kvl
(01000  G000)  (100°0) s6co el gk e IN (LOvE6588) S
(500°0) A 9¢'1 671 TL6 9LT0 88 (443 g€ IH DOMOI/LL  #9IESOITIS 5
(2o0)  (8LL0) o660 1 T0  L0L  IN (99506588) %
(39+°0) £8°0 060 L8  sz00 0  SI IsL  IH OOOLILL  S96IELLST 2
IN (0189L588) £
aN IH VV/VO/DD  19¢S01LIsI =
N (£0€5L588) 2
N IH OO/OL/LL 09€SOITISK £
IN (2125L588) 3
AN IH OD/DOLIL  6SESOTTISH E
. g
1100 (500  (4000) ov00  elr  6lt el N (bE9vLS8S) 8
(£20°0) 9.0 9.0 08°0 636 8100 €56 OIE  SO1 IH VV/VO/OD  T0E6LSTISE 19241V
SANIPPY  JURUIWIO(]  OAISSO00Y oneIY oEIfe) AMH  Aousnbag odKousn (uonrsod)
. adf3ounn e ousn)
(angea-d) oner sppO [eued Suruooms dNS

panuyguoy) S 9qel,

>/ 3



V-8

€1

2011

Kouonbaoiy adfoue8 ou SN (S
9]qBL) SJOTUOD SAISUS)OULOU A[JUSPIAS A[1op[o 0} paSe-o[ppiwr 97/ pue sjudned darsuapadAy 2109A9S 19su0-o8e S[pprwr 86/ Jo pasudwod st [sued Suiusaids oy ,Hm

. IN s

(o) (8T0)  (§6T0) Lo v 99t 668 DJ/OV/LL Awww%ww 5

(805°0) 81'1 AR 11 7’86 8180 T 9T  8¢v LH 3

. IN =

6Lr0) (8650  (#E£°0) g Iy sty VV/VD/OD me%ﬁw g

(129°0) 8I'T 60'1 60'1 T'%6 0660  LE 65T TSV LH 2

=]

. —H.z p™

(szr0)  (991°0)  (LET'0) 100o 65 sty DO/D0/0D ﬁmw@wwww S

(v9€°0) LT 91'1 48! 0L6  1000> S €T 9 IH 5

. “ .HZ ]

(oL60) (€00 (990°0) ¢eroo - vbo LIT o Tvs VV/VO/00 Wmmwmwww %

(¥01°0) 101 EE'T LT1 S¥e  1000> ST L6 L19 LH ¢ g

: IN “

€0 Gveo)  (s80°0) 000> g6t  clz 95 VV/VI/LL Awmmwmww 5

(£97°0) ¥8°0 780 $8°0 816 1000> Skv 0T  6F LH 7

. IN 5

@syo) (8720 (0070) 0600 Ly str £lv LL/IV/VY Awmwmﬂww : 2

(85%°0) LTl 48! (AR €96 €900 &  TET 65K LH =

[*]

: IN &

Loro  BLED) @Iz w80 v 9T 9y DO/DL/LL %m%m%w 3

(9st°0) 68°0 780 06°0 9'86 866'0  THY 99T 0¥ LH ) K

=

. E

(0zs0)  (@6zo) (1970 68¢0 tv vz ty IN (h0£61988) &

(Z¥5°0) 91’1 49! 11 €96 SYE0 66 OV OSH IH 00/OL/LL  6LESOITIST 19¢d LY
QANIPPY  JUBLIWIO(  9AISSO09Y SNV geipe) HMH Kowonbayg edAjouen oabozmw (wonsod) oo

(enjeas-d) one1 sppQ [oued SUlI99IOS dNS D

panunguo’) oS Aqel,

2/



7 -8

¥i
(c260) (c21°0) (636°0) 6810 091 1€ 60T IN
(0LE0) 00'T 98°0 60 696  S6L0 691  TLE  L6I IH VV/VO/DD 8898081 ST
cer0)  (sezo) (5220 Lygo 1L 9se 081 IN ~
(Fst0) 01’1 ST'T 60'1 $L6 T80  LO1  L9E  0IT IH VV/VOOD  TSL99LEsI z
($14°0) (6v¥°0) (bS5°0) cgo  0e veT ety IN p
(319°0) 780 760 760 656 180 8§ TST  LEP IH VV/VO/DD TSITS89IsI 5
. 5
(0150) (9620) (6hb0) V90 ¥0T  8PE  6SI IN ;
(L85°0) 68°0 3670 $6°0 6L6  IPT'0  1SC  SvE €91 IH VV/VI/LL  £10v659st 8
ozo)  8160)  (£2€°0) Leso  cee 99T 05 LN E
(28€°0) £8'0 701 760 L6 1S00  zek  1ST €S IH DODI/LL  SHEOLSTIST E
ol
(299°0) (820°0) Lr0'0) b6L0 Ty kST 0¥ IN S
(980°0) 7T LT 07’1 I'96 1800 Oy  LTT  T9% IH VV/VD/DO  $SELETHSI E
(os0)  (0Lg0)  (99L°0) ov60 ¥ 19T £6¢ IN ¢
(957°0) 18°0 01’1 €01 196  ¥I00 95  SvT  Leb IH VV/VO/OD 0IE6hLTIST 2
(€ze0) w1z o) (8L1°0) 95,0  S6T  €TE €6 IN E
(£8€°0) 1 171 1T 6L6  LLEO 63T 655 pIT IH D0/09/99  €LTIS6vS 2
(19£°0) (#S1°0) (v0L°0) ovco Loy 9y L¥ LN )
(zsT0) L6°0 €61 €01 996  10000> TSk  LET V9 IH VV/VI/LL €6SLESLISI £
, s
(095°0) (095°0) (8150) 810 LI $0E ST IN E
(589°0) 8670 80'1 €01 €v6  L000 61  TIE 98¢ IH VV/VD/OD  £01009%ST E
. &
o Lo (og)  (gsT0) yeg0  v6  lee 6T N 8
(ze£0) 780 0670 06°0 $'86  68€0  LII  €bE  LSCT IH VV/VD/DD  6ILSPTHSI YAZdLY
AISS909 2119 AR Kousnbaxy adKous
OADIPPY  JUBUIWO(  QAISSR09Y eNy RIE)  AMH y odkjoueny odfonon  (0OMISOD) o105
{onges-d) one1 sppoO jeurd SuruesIog dNS

(oued Surusexds) uorsuayddAY ym SINS PETZILV LI JO UONEII0SSY 98 O[qE,

2/5



7 -8

]
8
£
o
s
S[qRL) S|ONUOD DAISUSJOULIOU A[JUSPIAS A[19P[o 03 pade-o[ppru 97/ pue sjusped sarsualadAy 91949 19su0-08e o[pprur 86/, JO pastidwod st joued Suruoeos oY s
.
(9s£0)  (10¥0)  (687°0) gsLo %0c e ISt AN 3
(zoL 0) $0'1 Il S0°1 $'86 TILO 80T  99¢  OLI LH OD/DL/ALL 99855681 g
oLs0)  (e5£0)  (951°0) L0 Isl 65t wor N z
(899°0) 68°0 960 $6°0 9'86 LL90  €LT  89¢ 80T IH VV/VO/OD $9855681 @
(9p8°0) (s18°0) (LL60) 160 61  ¥S€ €91 IN m
(¥56°0) 860 01 00°1 L'L6 8190  S0T  T9¢  TLI IH VV/VO/MDD  preLpSLsT 2
9610)  (zL0)  (zeT0) 6650 w6t v &v  IN g
(rer0) L8O £€6°0 060 L'L6 0020  68F 95T 8% IH D0/OI/LL  9€0014CTIst =
(seg0)  (6sv0)  (€0€°0) 6650 ¥L 00t gt IN 3
(955°0) 611 60°1 601 0'86 786°0 L9 €1 L9¢ IH VV/VI/LL 89ZS60C1s g
(9300)  (850°0)  (ST0°0) Ievo 5 &8z 95¢ IN g
(280°0) 0F'1 44! 171 TL6 86L0 0 8LT  Ol¥ IH VV/VD/OO 01156481 PECdLY

SATHPPY  JUBRUNUO(]  9SAISS99Y ORIV srerpie)  AMH Aouaubary adAjouan (wonisod)
adfouon g ouan

(enyea-d) ones sppO oued Suruesrog dNS

I .

panunuoey) 9§ 3[qeL

2/ 4



91

vascular Center on June 13, 2011

"0[20S 01JEI-SpPO-3O] ¥ U0 $193130 oY) JO SIsATeue-elouk
PoIYS1oM SOUEBLIEA SSIOAUL SUISH PAUIGUIOD DI9M S)NSAI JI0YOO [enpIAIpUL ‘uo8 Jg [2qQOD) UIYIIA "SO](RIIBA JIOYOD pue ‘TN ‘XoS «Nomm ‘oFe 107 pojsnipe mabmqm
uotssa1801 onsiSo] ofdnnu Sursn [opOWI SANIPPE 19PN PAR[NO[Ed sem onel sppo pajsulpy ‘[g] SHumw ¢g 03 [enbo Jo ssof g pue ‘S ¢z 1 03 Jenba 10 mmo.m
JGS PUe ‘TOLROIPAW SAISUSISdAYIIIE (IIM PSjeoI) 10U JO [[B S& PIULSP 210M §300gnS SAISUSIOWIOU ‘FHUI (6 0} [enbe Io 1ejeaid J( 10 ‘SHUMU Of1 01 Esww
10 1018018 JgS 10 ‘uonroIpaw aAIsuspodAynue yim pajeoy) Suroq se paulop o1om s10afqns sarsusiadAy ‘ued Jg [eqo[D PuE (JO WRINUS[[YA 9seuedef yioq amv

Is

. N (A g iRy : (1z1-50'1) ‘ . (og1-€1'1) =
99887 .0140'L J 6881 ,0146'S o8 766 00T e o) BLESOITISE
‘ - (rrrn : (1z'1-90'1) ‘ : (o€1-€1'1) m
SOT'6T  o.0l+1€ s ISI6L 00«9 ea PIOOT 0045 ot I POESOTIISE
P YO . P g
P60'6T o 0lwlT  ECLTUD co061 0Lz CLI90D 60001 L0Lg1 OETED oy ULPIS9TE
0 LT 1T 171 2
3
£60°67 oles1 (11900 9161 o1 CHITOD 1966 NP S CI2 N L VR Z3610v1sE
9 011 LO°T 611 :
(10 %56) (1D %S6) (1D %56) 2

N d YO N d A0 N d RG) S
NS

papo)

pajood us8dd [2q010 [dO WnITuaTIA

uorsuelRdAY (M SINS TITILV JO SISA[eue-e1o A LS S[qEL

277



7 - /8

L1
LLO"O €0 09'0- 0€0°0 09°0 0L’ 1- 1’66 s6v'0 168¢C BINWION Pyo
1£0°0 90 SeT- §87T°0 86'0 SOt~ 9'66 G8T0 S08 eweAnsjey 8¢9
960°0 £e0 50" §50°0 LSO 80'1- 8'66 €€9°0 0est eng y'zo
L1070 (4 86°0- 2000 IL°0 ST 866 0L5°0 LTLY BUIYSENE], L'To L POLSOTTISd
100°0 Seo 9T'T- 0LxL1 960 e £'86 0I¥0  peee Beresys €19 m
900°0 670 6L 0" +0Lx8"1 £v'o 91~ 7’66 1484V LLTT BUIRYONOA £'€9 M
99.°0 6¢°0 710 LLY0 09°0 wo 8'66 £0T0 6861 ewreseqO 9 m
oo ¥e0 69°0- 810°0 09°0 Wi 9'66 L06°0 §98¢ BINWION 9 m
920°0 290 6¢'1- 8¥T°0 860 el £66 I61°0 208 ewreAnsiey 129 ,.m.
1cro ££°0 6¥'0- 680°0 LSO L6°0- L'66 §59°0 8¢ST uIng 129 m
£€10°0 70 0’1 000 Lo STT £°66 LSTO 81LT BUITSENE], €79 v Nhiwom@
100°0 ge0 ST'T- +0126°C 950 €0'T 266 0.0 ¥See Dyeresiys $e9 m
900°0 870 8L°0- +0T£8°€ £v'0 4N $'66 12¢0 8LTT BUEYOHOA 979 m
L880 6¢°0 90°0 S0 09°0 8¢°0 L'66 9ZT'0 L8ST BuIeseyO 1'Z9 g
Sr0°0 £€e0 L90- 070°0 9¢°0 6t'1- 9'66 1190 $98¢ BINWION 8¢9 W
97070 90 6¢'1- 61°0 L6°0 LTI v'66 SLTO0 £08 eureAnspeiA 029 ,m
810 £e0 ¥ 0- 091°0 LSO 08°0- L'66 90570 6¢TST egmng L'19 .mp .
87070 o 060" L60°0 TLo S6'1- £66 00 81L1 Bluyseqe], 819 v 78610718
010°0 §e0 160~ 2000 96°0 [4A N ¥'96 8060 161¢C Deress 979 m
60070 670 SLO- +0L£TP €0 1671~ 166 88570 697C BUIRYONOA £79 m
89870 6¢°0 90°0 86570 090 Se0 9'86 LTT0 6961 BlIEsEyO 619 8
d s JUSIOIFO0D d 48 JUDIOIIIO00 D TMH u aweu A aleqre
ddd dds HoYod S1e7fe Pspoo e

110Y0d asouedeg yoed ul spey) axnssaxd poojq pue SINS THZJLV JO UODRII0SSY 8S AGE],

>/ 8



7 -8

81

"oYel [[80 SoYeoIpul YD (ddd 10f SHWWQ [+

ational Cardiovascular Center on June 13, 2011

S

«

pue Jg§ J0j SHUWIWS [+) SIN[eA PINSEaul 0} SJULISU0O PaXYy SUIPPL Aq PIASIYOE Sem UOTjEdIpat dAIsus IadAYNUE Yiim Jusunesl) 10§ jusunsnlpy “[NY “Xos
“zoZe ‘o8e 107 paysnipe sisAjeue uorssoxdor opdyynur Sursn [OPOUI SANIPPE IOPUN PaJR[NO[Ed 1M Jg OI[0JSEIP PUE O1[03SAS X0F Y0110 POZIPIEPUE)S puE mgqowoﬁoonm

yor°0 ye0 Ly'0- $90°0 090 11~ 9'66 890 §98¢C BINWON LS9 W
Pr0°0 £9°0 9¢°'1- 6vC0 660 14N ¥'66 ev0 £08 eureAnsjejy 7e9 W
LOT0 £e°0 (440 ¥80°0 860 00°1- ¥'66 8610 125¢ eung 0'¢9 ,m
900°0 0 ST1- »-0125°8 Lo e $'66 LETO Lt BIIIYSENE], [AY) D 8LESOTTIS
v 01xT°C geo Ie1- OIET 960 Sy VL6 3280 t1ZT nyeredyg 759 m
00 670 99°0- 20070 £v'0 AN 986 144V 86TC BUWEBYONOA ¥'e9 m
bi670 6£0 $0°0- 009°0 09°0 1€0 7’86 8L¥'0 99¢1 eulesey 679
d as JUSIOIJO09 d a8 JUSISIJO0D i8] AMH u ouren A afe[Ie
dgd dds Hoyos 99[[® popod NS

panunuo) gs Aqrl,

2/9



N8

61

"HMOUS 918 [9pOt O1j9[e 10] senjea-d pue sonel sppO (ZS
91qRL) perjorus a1om 3[dUIBs 110700 96 1] € WOIJ Pajoo[as STONUOY SSAISUSIOWIOU £66°] Pue saseo aarsualredAy 6761 Jo sisisuoo foued woneorder sy, (S
9[qel) sjonuod OAISUO)OTION Apuopias Aj1opie 03 peSe-o]ppiut 97/ pue sjuaned oa1sus)odAY 910A9S JsU0-03E S[PPI §G/, JO posudwod st joued FurnesIos oY, rw

A
—

659'0 8¥ST T8 9T . 9780 195 tpP1 01 IN 2

(€£8°0) (€9v°0) VLEO VSEST8652

101 0’1 68 $9T0 LOST S8E 1€ 06°0 $'86 ¥S90 865 Twl L IH DOH/OV/VVY 128183

€

L60 LL 979 L9TI €6L°0 ST 1ZT 8SF IN o

(120°0) (zor0) P60 $80°0 TTIS69SE

(AN} or'1 766 €9C0 TL 195 68T1 81’1 896 60 1T POT 80S IH DOOV/VV £IXINUSF

00 80€T ¥LS €6 1810 S 80T If€ IN S

(258°0) (€16'0) v 965°0 SI818ESE

101 66°0 v'66 ££0°0 €LTL L9S S8 S0t 886 ¥C90 €8v The LT IH OO/OL/L  LVHIAIE

. £ S 89 LOT0 66y LOZ €1 IN 2

(¥29°0) (L06°0) A 9570 PSPOP6TISE

€01 66°0 L'66 0LO0O 6£€T 9T 89 AN 886 9LT0 OIS 0IT 87T IH VV/VIIL €AY 1d

<

70 S 179 6521 yLTO SE €L TSY  IN 2

(so€0) (9¢5°0) 6o <38 0ve0 TH68LETSE

S0'1 $0'T 686 €580 TL 509 LETI 60’ 086 LSS0 ST 9¢T €8y IH VV/VO/DD ASHE

9€7°0 S0T 106  LLS 6800 101 80¢ 60¢ IN 5

(,-01x6'F) (6L0°0) (,-01+4'D) L9¥001E

91'L 60'1 866 PE0'0 891 698 P68 SE'1 986 vISO 99 66T 08¢ IH DD/OV/VY  IVLIIAFE

p10°0 816 108  STT 6€0°0 Lye 18T I8 IN g

(,01+66) (-01-T'D) . 0£0°0 BE08SYISE

0T'1 171 6L6 Lv00 88.L 8€8 1LT 61’1 0'86 8260 SIE 8E€ T6 IH DJ/OLILL SIDE

(enjea d) (onyea d) ojex _ Aouonbay (enyea d) o781 _ Kouanbaiy A
SPPO SPPO e edfjouen SPPO 1eD adfjouen sdk10u90) NS

[[B12A0 Toued woneotdey] eued Suruesiog

spued wogeordoa pue Juruoaxds ssoueder ay) ul HOISUIRINAAY PIM SINS PIALIBP-SVALD ueadoansf Jo UONRROSSY ¢S AqEL

<20



\7' /6

03

1210 170 £9°0 £01°0 7o 81T 066 SL00  8bSe emwoN 018
£260 LU0 L0°0 8°0 17 bT0 $86  Ob3'0  86L  vweAnsiely L6l
0LZ0 60 €0 £90°0 69°0 871 L'66 8600  8TST wmg <08
0L8°0 150 30°0 ¥59°0 88°0 150~ ¥86 8080  €OLI  TumgsEYel  L08 O Q%%wm
£00°0 Sb°0 Se'T Z10°0 10 08T 616 (810 Szzz  Demdms 0€s =
L9T°0 S€°0 8t°0 LST0 750 £L°0 086  TS1'0  Shzz  ewegoNoX  ['8L E
W70 S0 £5°0- 5080 89°0 LTO- 636 1780  SLST  eweseqQ  LL s
. 3
0110 050 810 2000 Sv'0 e v66  SLVO  6S8T emwoN  £'69 E
610 S€°0 050 500 790 ST C66  88€0  H08  eweAnsely L9 2
6880 £9°0 0r'0- 1160 S0'T Zro 666 980  SEST wmg 899 S
80€°0 pE0 pE0- 1200 650 170~ 66  €LS0  pILT  PWmSENeL 8.9V mwﬁc%m
150°0 €70 £8°0 050°0 pLO 9T 186 8680 vbzz  memdms  g6o 2
8660 950 £0°0 5900 LSO S0'1 y66  TISO  OLTT  PWEGONOX 89 %
0110 050 840 200°0 510 g 766  vSTO  6LST  wweseqo gL g
100°0 £€°0 60'1 2000 35°0 681 §86  SOI'0 18T enwoN '8¢ £
PIy0 £9°0 b0 0050 $0'L 0L0 G66  6Sy'0  b0g  eweAnsily  piES 5
161°0 €€°0 €70 0570 85°0 £9°0 666 8050  EEST emg  9'ge £
L0 o 791 1000 £L°0 €T I'66 €910  pILI  PWmseyeL 1€ L wmowwmww
9610 S€°0 910 L£0°0 95°0 LT 6%6 1000 95Tz DemSms  gEe 3
S0 670 90 5500 0 p8°0 I'6  S000 €027  eweyodox  G'EE E
0920 650 0 800°0 09°0 851 816  PLIO  LSST  ewESEYO  LE€ .
d a8 JUSIOTLIR00 d qs JUSIDIIIR00 D IMH u awreu % aro[e
d4d dgs 10409 919][[e Papoo dNS

110700 asouedeg Yoeo ui spex) danssaxd poofq pue SINS PIALIP-SYMD uradoanT Jo uoyenossy 9IS 3qel,

22/



7-/8

12

6710 o ¥9°0 0z1'0 L0 or'1 €66  SIT0 s8¢ emuwon 978

16€0 6L0 89°0 9LT'0 Tl ce'1 $66 L0 908  ewekuspN SIS
p$9°0 0r'0 81°0 170 690 L8°0 L'66  $000  6TST wms 913 -
L0670 6v°0 90°0 6960 98°0 £0°0 p66 1220 0CLI  wWNUSBNRL 908V mwwwmmm
£0°0 S0 960 £81°0 L0 960 ¥'86  ovI'0  Leez  DewdMs ¢'eg %
5500 pE0 99°0 980°0 150 88°0 666  LSTO 8877  BWEOYoX gL ¢
30€°0 S0 90~ 695°0 69°0 65°0- £66  0S00  I8ST  eweseyo 6L g
¢
250°0 LEO €L°0 L8T°0 99°0 88°0 p66  LO0D  6SST emwoN 7T 3
6370 9.0 £5°0 800 611 660 0001 960 808  wweAnsN 707 B
637°0 0v'0 0 2Lz 0 690 9.0 966  TZv0  LIST mmg 707 X
099°0 050 o 1LT0 1870 961°0" ¥66  pEFO  GILT  ewmyseNeL 061 L %wwwmm
$£0°0 £7°0 06°0- pLSO 890 8€°0- 686 L850  8yez  Drmedmg g6l 3
0060 560 500 6€1°0 750 LLO- 966  LSY0  187C  BWEUONOX  L'61 o
L59°0 250 €70 $LL°0 6L°0 7T0 666 9950 0651  Eweseqo ST z
668°0 0 S0°0- 5£9'0 SL'0 S€°0- $66  THI'0  198C BIMWON 4778 g
0620 280 980 06L°0 8T'T pE0 966 66,0  S03  eweknsp 78 &
580 0 80°0 V0 £L°0 £5°0 L'66  ETO  8TST Bmg 7y g
750°0 950 601 £91°0 86°0 LET- 066  LOL0  TILI  ewmgseNeL €8 L %%mwwww
$60°0 910 9L'0 $TS0 L0 90 986 9960 ThbTZ  DPEwmSms  geg <
TSL°0 LEO 1o 189°0 95°0 €20 €66  LISO  bLCz  eweyoyox  0'€S &

8€0°0 840 660 S10°0 L0 9L'T ¥66  9S€0 €851 eweseqo  9'[g

d as TUSIOLJO00 d as TUSIOLI00 ¥  dMH u oweu °%  o[[e

aqa dds 110400 SJe[[e papoo dNS

panugue)) IS 2AqEL

222



> -78

[44

t National Cardiovascular Center on June 13, 2011

g

(d9 103 SHWwWQ T

pue Jgs 0] SHWWG]+) Son[eA POINSEsU 03 SJUEISUOD POXY SUIPPe AQ PIASIYOE SEA UONEOIPAW dAISUelIedAYIUE YIIM Juouneal) J0f Jusunsnipy NG “xom

“za8e ‘oFe 10§ paysnfpe sisK[eue vorssorFar ojdninuu Juisn [SPOUI SATIPPE JSPUN PIIBNO[ED d1oM Jg OIOISEIP PUE OI[0ISAS 10J JOLIS PIZIPIEPUL]S PUL SJUSIOLJO0.

£
>

0€0°0 950 171 1750 00T 6,0 766  7€90 €8T emwoN 16 =
L9¥0 960 0L'0 LVS0 05’1 16°0- C66 6860 0§  vweANSN 411 2
1980 6v°0 30°0- 2620 98°0 £0'1- ¥66  9sv0 12T emg 611 :
208°0 290 ST 009°0 80°1 LS'0- $86  10T0  OIL]  ewmseyel 0TIV ﬁmwwmm
9980 050 0r'0- L0 080 $5°1- 66 6600 TSz pemdys Ll E
1€£°0 S0 bro- bET0 £9°0 101 66  TCl'0 697  wWwOYoX 60l 2
£rs0 £5°0 €0 81670 080 30°0- 986 60  69ST  vweseqo 6l
d HS QQDMHVEDOO d mm aﬂ@mO@%DOO o) HMH u Luieu g ®~®=.®
a49a dds 110409 a[[[e Papoo NS

panupuo)) OIS dqelL

<23



708

€3

‘[8] S ¢g o3 [enba 1o s59] g pue ‘T (g1 03 [enbs 10 $89] JES PUE ‘UOHEOIPIUT SAISUSHSAYNUE YA PIjeas) J0U JO [[e SB PIULOP d1om $309[qns
SAISUSIOULIOU ‘FLuI 06 03 [enbo o 191ea1f Jg( 10 ‘SHWW ([ 03 enbs o 10)ea18 Jg§ 10 ‘uonesIpaw sarsuspedAynue ym pajear; Sursq se pauyep oIoA%
s193[qns sA1sualedAH (Jgq 10] SHWW() [+ PuB JgS 10J SHUIIG ) SIN[BA PIINSLIW 03 SJUBISUOD PAXLy SUIPPE Aq PIASIYOL SeA UOTBOIPOW ozm:oﬁo&guam
A JuowEal) J0J Jusumsnipy ‘soqeLiea 110y0o pajsnipe sisA[eue uorssordar reauy| s[dynuw Sursn paje[no[eo a1em J¢ OI[0ISeIp pue OI[0IsAs 103 mﬁummuﬁuow

oo O R 2 9£0°0 200 950 p10°0 200 10 9 THEBLETSIIS,
=
. (€T1-90'1) : . . . . S
,OL4b'8 Joks L10°0 200 5€0 L0468 €00 160 v LOVPOOISI 1VLIIAGE
. ARIR ‘ . . . . | . :
oLt o ) OLF9 500 LLO LOLST 500 9¢'1 1 8E08SHTSI SADE
&
: 0€' -1’1 : . - g
oty s ) OTI'9 500 1L'0 OLby 500 e 0 RLESOTITS! [HCd IV
Z
100°0> avm.m.ﬂ v 100°0> $0°0 €60 5€0°0 200 6L°0 BUPULP [enHqEER
ooo>  OF o D 100°0> LT0 a0 100°0> 570 08'T (uy/B) Xopus ssew Apoge
soc0 (66 A 0 1000> L0 10°0- 100°0> s70 000 o8
: 61121 . : : g
100°0> Jod 100°0> €01 . 960 100'0> 61°0 1£0 (s100K) 9B
5
ooos s v 100°0> 2o sr'g 100°0> 500 86 Yo
[
d (1D %S6) JUSDIIF200 JUBIOTJ200
SPPO 4 pozprepumg PRI 4 pozprepumg ORI ope BTS—
apo )
uotsuayedA omssoxd poojq o1joIseI(] amssoxd poojq o103sASg pepeo

uorsusl.dAy pue yexy Jg Joy sisdjeue worssaadar aeoury ofdymiAl I1S 9IqeL

224



V-8

spoAd] uorssaxdxs YN 7 om3i] @

sisAreue vorssargar siduyjow 11S 9[q8L @
wen 4 ‘pS om3L @
uorsuoyodAy 10y sppo ([ om3yl @

(310700 yoea) sisAeue RN J (01S 298l @
sisA[eue yen 4g ‘¢ J[qeLe

SIsAeue HoneId0sse ‘68 9[qEL @

sisA[eue PIZILIOIOYDIP 9G S[GEL @
sisAjeue jten g4 ‘7 9198, @

sdfrousd | gzdLV Aq d€ pasnipe ‘¢S amndige
(uoyoo yoea) sisAjeue pen g (LS 2JqeL @
SISA[eue PoZILIOJOYdIP ‘98 9[qE8l, @

sisAjeue yen g ‘7 91qeL @

€4

synsax pue sajdures Suipuodsariod pue sanpadoad Apnig 1S 3Ly

S99 ajosnul yjoous
Aroyre feonIquiny

uvonendod

us84g reqojouonendog

reued worjeondoy/Suiuoarg

ueldd 18qo[H

uonepndog

WNAW [ 9ZdLY 0 sisAjeue uorsso1dxs 0AlA X9

s

MSD PUB [VLIdAD ‘SAD4 ‘19ZdLV JO SISA[eue Uoneuquory

SO TYLIJAD ‘6404 “19TdIV

SANS poaaep SYM D ueadong ay3 Jo uorjeordsy

sIsAjeuv HOIEPIEA-SSOID)

sisAjeue paseq-uorjeindog

(oued 1gzdIV oyl Wt SGNS Smsnuoxd jsour)
SwdKou03 uoneordey

8LESOTTIST ‘P9ESOTTTSI “6SLOLOTST “TLYT8ITST ‘T8ETOPIST
1€CdLVY

uad [HZJLY JO sisAjeue JNS asua(g

65L0L0TSI
19CdLY

(8dNS s1eprpuen g¢ payyuapt Asnotasid)
SudAj0ue3 uoneordey

Downloaded from hyper.ahajournals.org at National Cardiovascular Center on June 13, 2011

SIsA[eUe UONIBIOOSSY [ S[qEL @ eued uonesrday
dewr @7 °zS om3L] @ i3
sisA[eue UOlIRIOOSS Y (S 9[q8], @ [sued SUIaIog
sisA[eue UOMIBIOOSSY (¢S S[qEL @ 1oued uonyeondoy
SINSaY ordwreg

IS TaOM

224



FIGURE S2
5 -
[}
4r r5111058378
@ 3 o N @ @
e rs1401982 o rs11105364
S 152681472 ® * e
2 r ° o
rs2070759
* e
1 I o .
[ L J ® ‘. [
O . 1 1 I' 1 i 1 . 1 1
88,440K 88,460K 88,480K 88,500K 88,520K 88,540K 88,560K 88,580K 88,600K
RefSeq DBTSS
atp281. 7

153920010 ———————>
rs1401982
rs2854371
rs1356819
by rs957526
rs17017109
152681472
rs2070759
rs2070758
rs1050395
rs939329
rs12579302
rs7131965
rs11105364
rs11105368
rs7136259
rs17836871
711105378
rs12230074
rs11105379
. 1510858918
" 152113894
rs1358350
rs12369944
152280715
rs11105381
rs1590008

y

Figure S2 Dense SNP analysis of the ATP2B1 gene

The top graph shows p-values (-logl 0(P)) of association analyses using the screening panel (Table
S4). The red circle (rs11105378) indicates the SNP showing the most significant association with
hypertension. The lower panel shows a LD (D) map based on the genotype frequency of the control
subjects
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FIGURE S3
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Figure S3 Adjusted systolic and diastolic BP among rs11105378 genotype

Values are meansstandard error adjusted for age, sex, body mass index, and cohort variables.

Number of subjects in each genotype is represented in column.
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Figure S4 Adjusted blood pressure by the number of risk genotypes

Number of risk genotype was calculated by the following four SNPs; ATP2B] rs1105378,
FGF5 rs1458038, CYP1741, 151004467 and CSK rs1378942. Age, age2, sex, BMI and cohort
variable adjusted systolic and diastolic BP is shown in the lower panel. Upper panel indicates
the number of subjects in each group.
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