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Clinical Characteristics

Table 1 summarizes the clinical characteristics of the
study subjects. The percentages of females. probands. and
patients with positive family history were significantly dif-
ferent among the three groups. Inthe older group. the percent-
age of females and probands increased. but that of positive
family history decreased. The intermediate group patients
showed similar levels of QT prolongation. family history,
and Schwaz scores as those of the young group patients.
There were no significant differences in basal HR. QTc. and
Schwartz scores among the three groups.

Genetic Characteristics

There were 58 LQTI1. 75 LQT2. and 12 LQT3 patients
(Table 1) In these genotyped patients. we identified 31
KCNQI. 60 KCNH2. and 8 SCNSA mutations (total 99 dif-
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§30) of the first cardiac events occurred at young age. In
contrast, first cardiac events occurred less at young age in
LQT2 (51/75. 68%) and LQT3 (7/12. 55%) patients com-
pared to the LQT! patients (P = 0.019). The prevalence of
transmembrane mutations in LQTI and LQT23 patients and
that of pore site mutations in LQT2 patients was evaluated.
but no significant difterences were observed among the three
groups.

Triggers for Cardiac Events

Figure | tllustrates the incidence ot three categorical trig-
gers in the three age groups. In Figure 1. left-sided bars indi-
cate the number of patients in whom the event was induced
by either adrenergically (open bar) or vagally (gray bar) me-
diated triggers. Right-sided black bars indicate those with
secondary triggers. The vertical axis indicates the number
of patients. In the young group. all 101 cardiac events were

. Adrenergically mediated ingger

Figure 3. Triggers for candiac evenis in the
patients with and withowr family kistory. Bar
eraphs chow the number of sxmptomatic pa-
tients and their triggers to induce the cardiac
erenss  open bas. adrencergically mediared.
eray bars. vagallty mediated. and black bars.
secondary rrigeers. Other trig gers for cardiac
cvents that were undefned were exclided
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TABLE 1
Clinical and Genetic Characteristics in the Three Groups

Young Intermediate Older
in = [06) n =20 in=19 P Value

Age at first cardiac 11.02 04 2B0x1.1 590+35

event (years)
Female (%) 63 (59%) 16 (804%) 18195%) 0.004
Proband (%} 80(75%) 18 (90%) 19(100%) 0.035
Family history 68 (64%) 11 (55%) 3(16%) <0.001
HR (bpm) 65+ 1.2 654+ 2R 65+28 0984
QTc (ms) 515+ 57 §23+12 485+ 10 0.084
Schwarz score 6.1+02 62+04 53405 135
Subtype

LQT1(n=58) 48/58 (83%) 1/58 (2%) 9/58 (15%)

LQT2(n=75) SI/75(66%) 16/75(21%)  8(75(L1%)

LQT3(n=12)  T/12(58%)  312(25%)  2/12(17%)
Transmembrane 39/48 (81%) 11 (100%) 79 (78%)

mutation

{LQTIH)
Pore site mutation  25/51 (49%)  9/16(56%) 1M 13%)

(ILQT2)
Transmembrane 6/7 (B6%) 33 (10058 1/2(50%)

mutation

(LQT3)

Data are presented as the mean value & 5D or number (% ) of subjects.

HR = heart rate: LQT1 = long QT syndrome caused by the KCNQ/
potassium channel gene mutations; LQT2 = long QT syndrome caused by
the KCNH2 potassium channel gene mutations: LQT 32 =long QT syndrome
caused by the SCNSA sodium channel gene mutations: QTc = QT interval
corrected by Bazett's formula.

associated with autonomic triggers. among which 79 (78%)
events were adrenergically mediated and 22 (22%) were va-
gally mediated. On the other hand. only 5 of 18 cardiac events
(28% ) were associated with autonomic triggers in the older
eroup. and secondary triggers induced cardiac events in the
majority of the older group patients (13/18. 72%). The per-
centage of secondary triggers was significantly larger in the
older group than in the other two groups (0% in young [0/101]
vs 23% in intermediate [3/13] vs 72% in older [13/18]: P <
0.0001). Among the cardiac events triggered by autonomic
factors. the percentage of the adrenergically mediated trig-
gers was significantly lower in the intermediate group pa-
tients (79/101 [78¢ ] in young vs 3/10 [30%] in intermediate
vs 4/5 [RO%] in older group: P < 0.001). Thus. triggering
factors were significantly different among the three groups.

Figure 2A shows autonomic triggers inthe three genotypes
in each age group. There were also genotype-dependent dif-
ferences in triggers for cardiac events in the young group. as
previously reported:® in young LQTI patients. 92% (44/48)
of the cardiac events occurred during exercise (open bar).
but none with noise/arousal (black bar) or rest/sleep (hatched
bar). This is in sharp contrast with the pattem in young LQT2
patients: 37% (19/51) of the events occurred during rest/sleep
and 43% (22/51 ) with noise/arousal. Irrespective of onset age.
cardiac events triggered by noise/arousal were very specific
and observed in only LQT2 patients (35%. 26 of 75 LQT2
patients). In contrast, 34% (3/7) of LQT3 patients experi-
enced cardiac events during rest/sleep. In opposition to the
young LQT1 patients. only ~20¢% of total LQT2 and LQT3
patients experienced cardiac events triggered by exercise or
emotional stress.

Figure 2B depicts secondary friggers in the three geno-
types in each age group. Hypokalemia {open bar). com-

TABLE 2
Clinical and Genetic Charactenstcs in Pauents With or Without Family
History ‘
FH 14 FH1—)
n=48H in=63% P Value
Age at first cardiac event (years) 140 £ 1.1 2604£28 <0001
Female %) S5467%) 2 (67%) 0960
Proband (%) S4166%) 63 (100K <0.001
HR (bpm} 65+ 1.2 64+ 14 0728
QTc (ms) 512+ 6.9 513+ 7.0 0 %90
Schwartz score 64102 56+0.2 0.005
Subtype
LQT1 (n = 58) 40/58 (69%)  IB/58 (317%)
LQT2in=175) I6/75(A8%)  39/75(52%)
LQT3 (n=12) 6/12(50%)  6/12(50%)
Transmembrane murtation (LQT1) 35/40 (88%)  13/18(72%)
Pore site mutation (LQT?2) 19/36(53%)  16/39 (41%)
Transmembrane mutation (LQT3) 66 (100% ) 4/6¢67%)

Data are presented as the mean value £ SD or number (% ) of subjects.

FH = family history: HR = heant rate: LQTI = long QT syndrome
caused by the KCNQ/ potassium channel gene mutations: LQT2 = long
QT syndrome caused by the KCNFLY potassium channel gene mutauons:
LQT3 = long QT syndrome caused by the SCNSA sodium channel gene
mutations: QTe¢ = QT interval corrected by Bazeu's formula.

plete AV block (gray). and drugs (black) were associated
with cardiac events in total of 6. 3, and 7 patients. respec-
tively. in the intermediate and older groups. Interestingly. hy-
pokalemia was associated with cardiac episodes in only older
LQT1 patients. On the other hand. drugs and AV block trig-
gered cardiac events mainly in LQT2 patients of =20 years.
Responsible drugs were amphetamine. aprindine. cisapride
(plus pimenol). disopyramide. erythromycin. hvdroxyzine.
and procainamide.

Family History

Comparison of clinical and genetic characteristics be-
tween patients with and without family history is shown
in Table 2. The age at first cardiac event was ~ignificantly
younger and Schwartz score was significantly higher in the
patients with family history than in those without it. LQT1
patients appeared to have more family history compared to
those of LQT2 and LQT3 genotypes. Figure 3 illustrates the
incidence of three categorical triggers in patients with and
without family history. Triggers for cardiac events were also
significantly different between the two groups. and secondary
trigger was seen in only | patient with family history and in
27% (15 of 56) of patients without family history.

Discussion

In the genotyped/symptomatic LQTS patients. the present
study demonstrated that factors triggering cardiac events
were different depending on the age of their first onset. In
general. syncope and sudden death in LQTS are believed
to be due to TdP-type of ventricular tachycardia and occur
usually inthe young_n”' ' However. pathophysiological prop-
erties of LQTS-related events were found to be even different
among the three groups that were divided by age of less than
20. 20-39. and greater than 40 vears. In the voung group
{ <20 years). triggers were closely related to the autonomic
nervous tone. In contrast. secondary triggers induced cardiac
events in 72% of the older patients (>40 years). suggesting
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that “double hir” by secondary trigger(s) appeared to aggra-
vate the clinical phenotype. in addition to genetic variants
in ton channel genes. in the older group. The intermediate
group patients were at in-between risk in clinical characteris-
tics and the triggers of cardiac events. Interestingly. regarding
the triggers of cardiac events. the percentage of the adrener-
gically mediated triceer was lower in the intermediate group.
This may reflect a ulallul\ small number of LQT1 patients
i the intermediate group.

Although there was no statistically significant difference
in the QTc interval among the three age groups (P = 0.084),
the older group showed shorter QT¢ interval compared to that
in the other two groups. The QTc in the young group was
even shorter than that in the intermediate group. This was
probably due to the fact that the QTc in the LQT1 patients
wis significantly shorter than that in the LQT2 and LOQT3
patients (LQT1: 490 £ 6.6. LQT2: 531 £ 8.4 LQT3: 555
26: P < 0.0001) and the percentage of LQT1 patients was
higher in the young group.

Owr results in the young group are consistent with previous
fr.‘[JGﬂ.“ZS'? LQT1 patients experienced the majority of their
cardiac events during exercise or emotional stress and only a
tew occurred during rest/sleep. in opposition to the pattern in
LOT2 and LQT3 patients. Cardiac events in LQT2 patients
in the young group were mainly associated with noise and
sudden arousal and other adrenergic triggers. Cardiac events
occurred during rest/sleep in halt of the young LQT3 patients.

Among the secondary triggers. hypokalemia was associ-
ated with cardiac episodes inonly LQT I patients, Lower ex-
tracellutar K™ concentrations are known to reduce outward
conductance of both rapid component of delayved rectifier
potiassium tl;\f) and background inward rectifier potassium
ik ) currents.) ™ In L()Tl the slow component of delayed
rectifier potassium current (Ix,) is impaired. and the function
of [k, and Ig; channels remains normal oreven upregulated to
compensite the total netoutward K* conductance. Therefore.
hypokulemia may unveil the potential repolarization disorder
by reducing both “healthy™ lg, and Ig;.

On the other hand. AV block and drug intake associated
with cardiac events as secondary triggers were seen to be
present in most of the intermediate and older LQT2 pa-
tients, Tan and colleagues™® reported that pause-dependence
of TdP onset was predominant in LQT?2 but absent or rare
in LQTI. suggesting that this disparity may reflect differ-
ent mechanisms. Experimental studies have shown that Iy,
blockade {LQT ) causes delayed anerdepoldnzmons (DAD)
but not early Jtlerdepol.tnz.mms (EAD):>! on the contrary.
Ikr blm kade (LQT2) causes EADs. predominantly at slower
HR..*7 Extreme bradycardia due to AV block may lead to
EAD as well as TdP through the postpausal prolongation of
action potential plateau. Both a smaller I, due to complete
deactivation and anenhanced inward Nat/Ca™ exchanger
low HR may contribute to EAD formation by providing time
for recovery and reactivation of L-type Ca* channel. In the
presence of pathological bradycardia, therefore, 1, plays a
more important role in abbreviating the repolarization and.
thereby. keeping the appropriate QT interval because little
accumulation of outward I, occurs at lower HR.

In this connection. drug-induced TdP has been shown
to depend on intervals of preceding pauses.™ The above-
mentioned mechanism on the bradyveardia-induced TdP may
gne anesplanation of our result that most of the drug-induced
events were observed in LQT 2. Because responsible drugs are
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known to block cardiac [k, (except hydroxyzine). preexisting
repolarization abnormality due to gene mutations may predis-
pose the patients to fatal arrhythmias by further reducing the
outward K* conductance 32 I preliminary experiments of
biophysical assay with heterologous expression systems, we
found that these KCNH2 mutations identitied in drug-induced
TdP patients produced mild loss-of-function of I;.

We evaluated only “already-symptomatic™ genotyped pa-
tients in this study. The percentage of “still-asymptomatic™
patients was 58% of all genotyped patients (198 of 343).
The average ages of asymptomatic patients were 19.0 +
1.9 years (567 years) for probands and 34.0 & 1.8 years (2-
68 years) for family members. Asymptomatic probands were
still young: therefore, some of them would be symptomatic
in the future. being exposed to higher risk of lethal events.
The results of our study again emphasize the importance of
a careful approach to asvmptomatic (preclinical) LQTS pa-
tients to decrease their arthythmic risk. particularly in older
patients (> 20vears). Because of lack of apparent phenotypes.
most of them were not diagnosed prior to the onset of symp-
toms. However, one of the most important missions of our
genetic testing would be to achieve a preclinical diagnosis of
LQTS. particularly in patients with forme-fruste phenotype.
Because of low penetrance. inheriting a gene mutation per
se does not always mean that the mdmdlul mutation carrier
will prewentclmlminmmtesn[lon 7 but apparently “healthy™
carriers have inherited the risk for developing the clinical
phenotype. Once genetic information becomes available. we
can introduce the timely beta-blocker therapy and conduct
careful follow-up. including ECG recordings. lifestyle modi-
fications (i.e.. avoidance of QT-prolonging drugs). avoidance
of hyopokalemia. bradycardia. other alarming symptoms.
and family education (home automatic electrical detibrillator.
etc.).

Study Limitations

Intermediate and older group patients may have a higher
possibility to use more drugs. We. therefore. could not ex-
¢lude such an age-dependent risk accumulation affecting the
results of trigger distribution. As for another issue. carriers
of milder mutations may induce cardiac events more likely in
association with secondary triggers. Our study included only
subjects with three major genotypes. although they account
for the majority of LQTS patients. Patients with compound
mutations of LOTI-3 and 5-7 genotvpes were all excluded
from analysis. However. we failed to exclude compound mu-
tation carriers with other (LQT4. 810} or unknown geno-
types. which may result in a minor selection bias.

We evaluated only the Japanese population and there re
mains aconcern about ethnic differences. However. the preva-
lent mutations found in more than 4 patients were A341V-
KCNQIL. A34A/5p-KCNQIL. and A614V-HERG and were
all popular in other ethnic cohorts. The genoty pe-specific trig-
gers were also similar (o those observed in previous studies
from other countries.

Although syncope may result from diseases other than
LQTS-related ventricular arrhythmia, we considered sudden
onset/offvet nature of loss of consciousness in a genotyped
LOQTS patient as syncope due to ventricular arthythmias. if
there was no evidence of another explanation. and included
as a study subject. In this connection. very short duration of
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TdP that did not cause syncope was underestimated if Holter
ECG failed to detect it.

Conclusion

Triggers of cardiac events were closely related to the au-
tonomic nervous tone with a higher incidence of family his-
tory in younger patients. In contrast. arrhythmic events in
older patients were associated with secondary triggers. such
as drugs, hypokalemia. and AV block. with genotype speci-
ficity. Thus. arthythmic triggers in LQTS differ depending
on the age of the patients, stressing the importance of age-
and genotype-related therapy for genotyped LQTS.
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Abstract

Objecrive: Morbidity and mortality rates are still high among patients with acute coronary syndrome { ACS); morcover. it is clinically difficult
to determine precisely which patients will progress sarisfactorily. Unstable plaque is characterized by an increased number of activated
inflammatory cells. including macrophages and lymphocytes, and an increased release of numerous inflammatory mediators and proteolytic
enzymies. Mononuclear cells consist of monocytes/macrophages and lymphocytes and are able to be experimentally isolated. We searched for
a specific risk factor for ACS in the peripheral blood mononuclear cells (PBMCs).

Methods and results; We examined the expression of 12.625 genes in PBMCs utilizing a gene chip microarray system in ACS patients in acute
and chronic stable phases. The gene expression profiles revealed that class A macrophage scavenger receplors (SR-A). among the immune
response factors and the receptor activity markers, were the most strongly increased in the acute phase. We examined SR-A gene expression
levels of PBMC's using real time RT-PCR in 122 consecutive patients: 32 ACS patients: 41 stable angina paticnts; and. 49 control subjects. The
SR-A gene expression levels of the PBMCs were highest in the ACS patients (p < 0.0001). The occurrence of a reattack of a cardiovascular
evenl was significantly lower in the low SR-A group than in the high SR-A group (p <0.001).

Conclusion: SR-A gene expression level in the PBMCs specifically increases in patients with ACS. and provides a predictive marker for a
reattack of a cardiovascular event,

© 2007 Elsevier Ireland Lid. All nghts reserved.

Kevwonds:  Acute coronary syndrome: Class A macrophage scavenger receptor; Directional coronary atherectomy: Peripheral blood mononuclear cells:
Microarray: Risk factor: Gene expression

I. Introduction myocardial infarction (AMI) with ST elevation. AMI without
ST elevation. or unstable angina. is most often induced by

Morbidity and mortality rates are still high among patients coronary thrombosis as an acute complication of atheroscle-
with acute coronary svandrome (ACS). ACS. defined as acute rosis: a rupture of the fibrous cap of an atherosclerotic plaque

is one example [1-4]. The processes of thrombosis and

inflammation are closely related and increasing evidence

. (_-o,;,pmdmg author. Tel.. +81 96 373 5175 fax: +81 96 362 3256, supports the invol vement of inflammation in both the athero-
E-mail address: nakama@ kumamaoto-u.ac.jp (M. Nakayama). genesis and pathogenesis of ACS [5-7]. It has always been
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difficult to determine precisely which patients will progress
satisfactorily.

Unstable plague is characterized by an increased num-
ber of activated inflammatory cells. including macrophages
and lymphocytes. and an increased release of numerous
inflammatory mediators and proteolytic enzymes [5-7]. The
inlammatory responses lead to the disruption of plaque and
subsequent events in ACS. According to the previous stud-
ies. activated macrophages are believed to facilitate ongoing
inflammation present within the plaque. and thus may be
important in the initiation of ACS [8]. Macrophages within
the plague are scavenging cells that accumulate lipid to
become foam cells. Macrophage and extracellular lipid accu-
mulation expand the lipid core of lesions, destroying intimal
tissue and fibrous caps. [9] and also result in progressive
tissue destruction of the media and elastic lamina below
the core [10.11]. Lymphocytes also infiltrate into unstable
plaque. thereby resembling a delayed hypersensitivity reac-
tion. Lymphocytes. including T-cells. secrete cytokines that
regulate the activity of macrophages and may differenti-
ate into effecter cells with tissue-damaging potential [12].
Although characteristics of inflammatory cells and patho-
genesis in the unstable plaque have been well studied,
characteristics of inflammatory cells and pathogenesis in the
peripheral blood in ACS patients have rarely been studied.
Mononuclear cells consist of moenocytes/macrophages and
lymphocytes and are able to be experimentally isolated.

In this study. we searched for risk factors and/or patho-
genetic markers for ACS in the peripheral blood mononuclear
cells (PBMCs).

2. Methods
2.1. Study population

Two female patients with unstable angina were included
in the microarray protocol study: class TITB-Tpos angina as
defined by Braunwald for classification of unstable angina
[13]. Neither patient had any known coronary risk fac-
tors. including hypertension. diabetes mellitus, smoking,
or dyslipidemia. They immediately underwent coronary
angiographies and percutaneous coronary interventions. We
obtained blood samples at the time of admission (acute phase)
and 3 weeks after the admission (chronic stable phase). In
the acute phase. the blood samples were obtained before the
emergency percutaneous interventions.

In larger population study. the study population consec-
utively admitted from January 2002 to December 2005 and
consisted of three groups: 32 patients with ACS; 41 patients
with stable angina: and. 49 control subjects. The patients
with ACS consisted of 21 paticnts with acute myocardial
infarction and 11 patients with unstable angina (class [1IB-
Tpos angina). All the patients with ACS immediately upon
admission received coronary angiographies and percutaneous
coronary interventions. The blood samples were obtained at

the time of admission (acute phase) and 3 weeks afier the
admission (chronic stable phase) in the patients with ACS.
In the acute phase. the blood samples were obtained before
the emergency percutancous interventions. All stable angina
patients had one or more stenotic coronary arteries with more
than 75% stenosis after nitroglycerin administration. The
control subjects all underwent diagnostic cardiac catheteriza-
tion. including coronary angiography. for evaluation of their
chest pain. and all had angiographically normal or nearly nor-
mal coronary arteries. We obtained blood samples from the
patients with stable angina and the control subjects before the
diagnostic cardiac catheterization.

Seventy-three patients with ACS or stable angina were
followed up. We measured the SR-A gene expression levels
in these 73 patients with stable state of ischemic heart disease
and followed them up after obtaining informed consent, We
assigned the 73 patients into two groups. according to their
SR-A gene expression levels in the stable state of ischemic
heart disease. as follows: the low SR-A group (the SR-A gene
expression level <5.0) and the high SR-A group (the SR-A
gene expression level 25.0) (median SR-A gene expression
level: 5.0[0.3-19.1]). We examined the following four events
during the follow-up period: fatal myocardial infarction: non-
fatal myocardial infarction; unstable angina: and. heart failure
with NYHA class [V symptoms.

Written informed consent was obtained from all patients
in this study. The study was in agreement with the guidelines
approved by the ethics committee of Kumamoto University
Graduate School of Medical Sciences.

Patients with evidence of congestive hearnt failure.
atherosclerosis obliterans, cercbral infarction, severe angina
unresponsive to medical therapy, serious ventricular arrhyth-
mia, bronchial asthma. pneumonia. or other coexisting severe
illnesses were excluded from this study. Additionally. some
patients who withdrew their informed consent were excluded.

2.2. Separation of peripheral blood mononuclear cells
and extraction of total RNA

We layered a maximum of 10mL of whole blood with
0.38% sodium citric acid over 4 mL of Ficoll-Pagque (Phar-
macia Biotech, Sweden) and then we centrifuged this for
15 min at 3000 rpm at room temperature. next, we aspirated
the mononuclear cells located at the plasma-Ficoll-Paque
interface. We centrifuged this aspirated solution for 15 min at
15.000 rpm at room temperature: we then extracted total RNA
of peripheral blood mononuclear cells (PBMCs) utilizing an
RNeasy Mini Kit (QIAGEN. GmbH Hirden. Germany).

2.3. GeneChip microarray protocol

Ten micrograms (5 pg in each sample) of total RNA
were used in the first-strand cDNA synthesis with T7-d(T)24
primer (GGC CAG TGA ATT GTA ATA CGA CTC ACT
ATA GGG AGG CGG-[dT]24) and Superscript 11 (Gibco-
BRL. Gaithersburg. Md). The cDNA which combined two
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samples was prepared according to protocols provided with
the Affymetrix U9S GeneChip System (Affymetrix. Santa
Clara. CA). The sccond-strand ¢DNA synthesis was per-
tormed at 16°C for 2h by adding Escherichia coli DNA
ligase. DNA polymerase |, and RNase H to the reaction.
tollowed by Td DNA polymerase to blunt the ¢nds of
newly synthesized cDNA. The cDNA was purified with phe-
nol/chloroform and ethanol precipitation. Using a BioArray
HighYield RNA Transcript Labeling Kit (Enzo Diagnostics.
Farmingdale. NY, USA), the purified cDNA was incubated
for 5hat 37 °C in an in vitro transcription reaction to produce
cRNA-labeled with biotin.

¢RNA was fragmented by incubating it in a buffered
solution containing 200 mmol/L Tris-acetate, 500 mmol/L
KOAc. and 150 mmol/L MgOAc for 35 min at 94 °C. Fifteen
micrograms of fragmented cRNA were mixed with eukary-
otic hybridization controls (containing control ¢cRNA and
oligonucleotide B2) and hybridized with a pre-cquilibrated
human U95 Affymetrix Chip for 16h at 45°C. The chips
were then washed in a fluidic station with non-stringency
wash buffered solution (6Xstandard saline phosphate with
EDTA, 0.01% Tween 20. and 0.005% antifoam) for 10 cycles
and in a high stringency buffered solution (100 mmol/L N-
morpholino-ethanesulfonic acid. 0.1 mol/L NaCl, and 0.01%
Tween 20) for 4 cycles and then stained with streptavidin
phycoerythrin. This process was followed by incubation with
normal goat immunoglobulin G and biotiny lated mouse anti-
streptavidin antibodies, and then re-stained with streptavidin
phycoerythrin.

The resulting chips were scanned in an HP G2500A
ChipScanner (Affymetrix) to detect hybridization signals,
Image output files were visually examined for major chip
defects and hybridization artifacts. and the raw data was then
processed with GeneChip Microarray Analysis Suite 5.0 soft-
ware (Affymetrix). The image from each chip was scaled
such that the absolute signal intensity was adjusted to tar-
get just intensity and this resulting value was reported as a
non-negative integer. We compared the gene expression of
the PBMCs in patients with unstable angina at the time of
admission and at 3 weeks atter admission.

Functional ontological classification was based on
Richardson et al’s terms: cellular component: biological
process: and. molecular function [14]. We compared fre-
guencics of terms within the specified list with frequencies
of terms within all genes in the Entrez Gene database
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene).
W calculated a p-value using Fisher’s exact test to determine
whether any gene ontology terms correlated to any specific
list of genes. Statistical inference of enrichment of specific
terms. 1n the list. was made with Fisher's exact test.

2.4, Quantirarive real time reverse
transcription-polvmerase chain reaction analysis

Samples (500ng) of total RNA were reverse (ran-
scribed utilizing the High Capacity DNA Archive Kit

(Applied Biosystems., Foster City. CA. USA). Human class
A macrophage scavenger receptor (SR-A) mRNA lev-
els and human Glyseraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA levels were quantified using a two step
real time reverse transcription-polymerase chain reaction:
the reaction mixture (10 L) contained 250 ng of cDNA
template. a set of primers and a related probe, and a
TagMan Universal Master Mix (Applied Biosystems). The
primers and probe sets for SR-A (Hs00234007) and GAPDH
{Hs99999905) were purchased from TagMan® Gene Expres-
sion Assays (Applied Biosystems). The context sequences
of the SR-A gene and GAPDH gene are 5-GGA ATA
GTG GCA GCT CAA CTC CTG A and 5-GCG CCT
GGT CAC CAG GGC TGC TTT T. respectively. Real-time
polymerase chain reaction was performed according to the
manufacturer’s prescribed protocol using an ABI PRISM
7900 Sequence Detector (Applied Biosystems. Foster City.
CA USA). Standard curves for human SR-A mRNA levels
were generated using dilutions of samples of cDNA pre-
pared from PBMCs. Gene expressions of SR-A and GAPDH
were quantitied using the critical threshold cycle. The criti-
cal threshold cycle is inversely proportional to the logarithm
of the initial number of template molecules. We determined
the SR-A gene expression level as follows: SR-A mRNA
leveVGAPDH mRNA level.

2.5. Statistical analysis

When the clinical characteristics of the study patients were
considered. hypertension was operationally defined as biood
pressures >140/90 mm Hg. diabetes mellitus was defined as
fasting blood glucose levels 126 mg/dL or 200 mg/dL during
an oral glucose tolerance test. and hypercholesterolemia was
defined as total cholesterol level 2220 mg/dL.

Multiple logistic regression analysis with forward step-
wise selection (Wald) was performed with SPSS Advanced
Statistics 14.0J for Windows (SPSS Japan Inc.). Independent
variables were coded as the following dummy variables: SR-
A gene expression level. 0 for <5.0 and 1 for 25.0: sex. 0
for female and 1 for male: age. O for <65 yeam and | for
265 years; body mass index. 0 for <25kg/m? and | for
225 kg/m?: total cholesterol level. 0 [ur <180 mg/dL and |
for Z180 mg/dL; HDL-cholesterol level, 0 for 240 mg/dl.
and 1 for <40 mg/dl: cigarette smoking. 0 for nonsmokers
and | for smokers: hypertension. O for normotension and |
for hypertension: diabetes mellits, O for absence and 1 for
presence: family history of cardiovascular disease, 0 for
absence and 1 for presence; lipoprotein(a) level. 0 for
<30mg/dL and 1 for 230 mg/dL; and. high-sensitivity C-
reactive protein (hs-CRP) level. 0 for <1.0mg/L and 1 for
Z1.0mg/L.

A Kaplan-Meier survival curve was used for determin-
ing the rate of reattack of cardiovascular disease in both low
SR-A gene expression level (<5.0) groups and high SR-A
gene expression level (25.0). Utilizing the Log-Rank test.
we compared the reanack rates of cardiovascular disease

doi: 10.10164.atherosclerosis.2007.09.006
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between the low and the high SR-A gene expression level
groups.

Continuous variables are expressed as mean £ S.D. Con-
tinuous variables were compared using two-tailed unpaired
or paired f-tests. Categorical variables were compared by
Chi-square analysis: Fisher's exact probabilily was used. A
probability value <0.05 was considered to indicate statistical
significance.

3. Results
3.1. Gene expression profile

We compared the expression of 12.625 genes between the
acute and chronic stable phases in ACS patients. Among the
significant increased genes at the time of onset of ACS. in
comparison with those in the chronic stable phase, we listed
the genes whose expression level increased over twofold
(Supplemental Table 1). According to our genetic ontolog-
ical examination. class A macrophage scavenger receptors
(SR-A), among the immune response factors and the recep-
tor activity markers. were the most strongly increased in
the acute phase (Supplemental Table 2). We remarked then
that SR-A was a candidate for being a risk factor for ACS.
Among the significant decreased genes at the time of onset of
ACS, in comparison with those in chronic stable phase, we
listed the genes whose expression significantly decreased in
Supplemental Table 3 (p <0.05).

Table 1
Clinical characteristics: peripheral blood samples analyses

3.2. Clinical characteristics of the patients who
underwent peripheral blood sampling in the lager
population

Peripheral blood mononuclear cells (PBMCs) were
obtained from 49 control subjects: 41 patients with stable
angina: and. 32 patients with ACS. We compared the clini-
cal characteristics including age. gender, body mass index,
hypertension. smoking, diabetes mellitus. hypercholes-
terolemia. total cholesterol level. low-density lipoprotein
(LDL) cholesterol level. high-density lipoprotein (HDL)
cholesterol level, triglycerides. lipoprotein (a) level. high-
sensitivity C-reactive protein (hsCRP) level. family history
of cardiovascular discase. and pharmacological medications
among the 3 groups (Table 1). The incidence of hyperten-
sion was significantly lower in the control group than in
the stable angina group (p <0.05). The incidence of diabetes
mellitus was significantly lower in the control group than in
both the stable angina and the ACS groups (p <0.05). Total
cholesterol level. as well as HDL-cholesterol level. was sig-
nificantly higher in the control group than in both the stable
angina and the ACS groups (p<0.05). The hsCRP levels
in the control group were significantly lower than in both
the stable angina and ACS groups (p < 0.05). Concerning the
cardiovascular medications. the frequencics of use of beta-
blockers. nitrates. angiotensin converting enzyme inhibitors,
angiotensin receptor blockers, and diuretics were signifi-
cantly lower in the control group than in either the stable
angina or the ACS group. The frequency of use of nitrates was

Control group (n=49)

Stable angina group (n =41}

Acute coronary syndrome group (n=32)

Age (ycars) 68+11
Male: female 29:20
Body mass index (kg/m?) 24+3
Hypeniension 214%43%)
Smoking 1949 (39%)
Diabetes mellitus 10449 (22%)
Hypercholesterolemia 1549 (31%)
Total cholesterol (mg/dL) 197+ 24
LDL-cholesterol (mg/dL) 116 £ 31
HDL-cholesterol (mg/dL) 57+18
Triglycerides (mg/dL) 126 + 51
Lipoprotein {a) (mg/dL) 2374176
hsCRP (mg/L) 0.15+0.28
Famuly history of CVD 11/49 (22%)
Medications
Calcium channel blocker 20449 (41%)
Beta blocker 249 (4%)
Niterate 49 (0%)
ACE intubitor 5/49 (10%)
Angiotensin receptor blocker 5/49 (10%)
Diuretic 349 (6%)
Statin 5/49 (10%)

6811 71£10
329 239

2444 2343

2741 (66% 18/32 (56%)
24/41 (59%) 18732 (56%)
19/41 (46%)* 12/32 (38%)*
17/41 (41%) 9132 (28%)
170 £ 37+ 173 £ 30
102 £35 11022
45414 48% 14

124 + 50 116 +46
214210 306+220
1024277 119+ 241"
&4 (20%) 7732 (22%)
20041 (49%) 17/32 (53%)
L7141 (41%)* 17/32 (53%)*
41 (17%)* 132 (1% )
20041 (49% 2232 (69%)*
14741 (34%)* 7132 (22%)
1941 (44%)* 14/32 (445 )*
1241 (29%) 4/32 (13%)

LDL: low-density lipoproteins; HDL: high-density lipoproteins; hsCRP: high-seasitive C-reactive protein; CVD: cardiovascular disease; ACE: angiotensin
convening cozyme. Continuous valucs arc mean + 5.D. Catcgorical values are expressed as number of patients (percentage). *p <0.05 vs. control group.

#5<0.05 vs. stable angina group.
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Fig. 1. The SR-A gene expression levels in the peripheral blood mononuclear cells (PBMCs) in the control, the stable angina, and the acute coronary syndrome

groups. Values are expressed as the means £ S EM.

significantly higherin the ACS group than inthe stable angina
group.

3.3, The SR-A gene expression levels of the PBMCs

The SR-A gene expression levels of the PBMCs in the con-
trol. the stable angina. and the ACS groups were 4.7 £ 0.4,
44+0.5. and 139 £ 1.8, respectively (Fig. ). The SR-A
gene expression levels of the PBMCs were significantly lower
in both the control and stable angina groups than in the ACS
group (p<0.0001). There were no significant differences
between the control and the stable angina groups.

The SR-A gene expression levels at 3 weeks after admis-
sion (chronic stable phase) was 5.1 +£0.4. The SR-A gene
expression levels were significantly suppressed in the chronic
stable phase (p<0.0001).

The patients with ACS included 21 patients with acute
myocardial infarction and 11 patients with unstable angina
(class 1ITb-Tpes). The SR-A gene expression levels of the
PBMCs were 12,1+ 1.9 and 17.3 3.6 in the patients with
acute myocardial infarction and in the patients with unstable
angina. respectively. There were no significant differences
between the patients with acute myocardial infarction and
the patients with unstable angina. In both groups. the SR-A

gene expression levels were significantly higher than in either
the control group or the stable angina group (p <0.0001).

3.4. Multiple logistic regression analysis

We performed multiple logistic regression analysis with
forward stepwise selection using all the clinical risk factors
and the SR-A gene expression level. This analysis revealed
that the most predictive independent risk factor for ACS was
a high SR-A gene expression level (p<0.001, relative risk:
14.005). followed by low HDL-cholesterol level (p=0.023,
relative risk: 5.649) and diabetes mellitus (p=0.037. relative
nsk: 5.003) as is shown in Table 2. Also. the most strongly
independent risk factor for stable angina was diabetes mel-
litus (p=0.011. relative risk: 3.629). followed by low HDL
cholesterol (p=0.023. relative risk: 3.556). and hypertension
(p=0.037. relative risk: 2.693) (Table 3).

3.5, Follow-up study

The prognosis of patients in this study was followed up
until 1 January 2007. The mean follow-up period was 745
days (range 320-1809 days) for the patients without reattack
of cardiovascular event. with mean follow-up periods of 704

Table 2
Mulupie logisuc regression analysis for acutc coronary syndrome

B S.E. Wald Relative nsk (95% C1) Significance
High SR-A gene expression 2,639 0.656 16.209 14.005 (3.875-50.618) <0.001
Low HDL-C level diabetes 1.732 0.721 5.763 5.649(1.374-23.224) 0023
Mellitus 1.610 0.707 5.191 5003 (1.252-19.987) 0.037
Constant —2.551 0.603 17.872 0.078 <0,001

S.E.: sqtandard error.

doi:10.1016f.atherosclerosis.2007.09.006
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Table 3
Multiple logistic regression analysis for stable angina
Stahle angina B S.E. Wald Relative risk (935%CT) Significance
Diabetes mellitus 1.289 0.506 6.476 3.629(1.345-9.791) 0011
Low HDL-C Jevel 1.269 0.557 5.18% 3,556 (1.193-10.609) 0.023
Hypertension 0.991 0474 4.362 2.693 (1.063-6.823) 0.037 0.037
Constant —1.444 0.430 11.279 0.236 0.001
S.E.: standard error.
2 fatal myocardial infarction: 8 patients with unstable angina:
o '!{_‘ 1 and. 3 patients with heart failure with NYHA class TV symp-
Soay toms. Kaplan—Meier analysis revealed that the occurrence of
- i CT— a reattack of a cardiovascular cvent was significantly lower in
-5 08 Ty : ; ’
- X | N the‘ low SR-}_X group than in the high SR-A group (p<0.001)
¥ i as is shown in Fig. 2.
s Log-Ramk Tevr Peso] ST Subsequently. we performed multiple logistic regression
EIYE Lom SReA Group analysis with forward stepwise selection for a reattack of
g I High SR-A Growp a cardiovascular event. using all the clinical risk factors
§ ™ . ‘ ) ) . and the SR-A gene cxpression level (Table 4). The analysis
z © 2% 500 70 1000 1250 (508 1750 2000Uays revealed that the most predictive independent risk factor for

Fig. 2. Kaplan-Meier survival curves of cumulative reattack of cardiovas-
cular event rates in patients with chronic coronary heart disease divided into
two groups according to their SR-A gene expression levels in the stable state
of ischemic heart disease, as follows: the low SR-A group (the SR-A gene
expression level <5.0) and the high SR-A group (the SR-A genc expression
level 25.0).

days (range 320-1792 days) for the low SR-A group and 832
days (range 340-1809 days) for the high SR-A group.

The clinical characteristics of the study patients are
shown in Supplemental Table 4. We compared the clinical
characteristics including age. gender. body mass index.
hypertension. smoking. diabetes mellitus. hypercholes-
terolemia. total cholesterol level. LDL-cholesterol level,
HDL-cholesterol level. triglycerides. lipoprotein (a) level,
hsCRP level, family history of cardiovascular disease and
pharmacological medications between the two groups. There
were no significant differences between the low and high
SR-A groups as regards these atherosclerotic risk factors
and pharmacological medications.

Reattack of cardiovascular event occurred in 2 patients in
the low SR-A group (5%): 1 patient with unstable angina;
and. | patient with heart failure with NYHA class IV symp-
toms. On the other hand. reattack of cardiovascular event
occurred in 14 patients in the high SR-A group (39%): |
patient with fatal myocardial infarction; 2 patients with non-

a reattack of a cardiovascular event was a high SR-A gene
expression level (p=0.009. relative risk = 18.333). Other
classical coronary risk factors were not significant predictive
factors for reattacks.

4. Discussion

It is well known that macrophages play a multifaceted
role in inducing plaque rupture. blood coagulation. and
fibrinolysis via the production of various enzymes, activa-
tors. inhibitors. and bioactive mediators [15-17]. During
the development of atherosclerosis. macrophages interact
with vascular endothelial cells. medial smooth muscle cells.
and infiltrated inflammatory cells [18]. SR-A was identified.
in the search for receptor molecules which are implicated
in atherogenesis. through its receptor-mediated uptake of
modified. including oxidized. LDL [19,20]. Immunoclec-
tron microscopic studies indicate that SR-A localizes itsell
on the cell surface membranes of macrophages: however.
SR-A is nol expressed in either monocytes or in their
precursor cells [21-23]. In human atherosclerotic lesions.
SR-A is expressed on the cell surfaces of macrophages
and macrophage-derived foam cells. The intensity of the
immunoreactivity of these receptors is more marked in fatly
streaks than in diffuse intimal thickening or in the atheroscle-

:;::::Ic logistic regression analysis for reattack of cardiovascular discase

g SE Wald Relative risk (95%CT) Significance
High SR-A gene expression 2909 1.109 6.885 18.333 (2.088-160.992) 0.009
Cunstany =3.091 1.022 9.139 0.045 0.003

S.E.: standard ermror,

doi:10.1016/) stherosclerosis. 2007.09.006
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rotic plague: moreover. the intensity 1s decreased in advanced
complicated lesions [22.23]. These results indicate that SR-
A is expressed. and its expression level is increased. during
the progression of atherosclerosis. with its expression reach-
ing a peak at the stage of the development of falty streak
lesions.

During the development and progression of atheroscle-
rusis. lipoproteins from the circulating blood infiltrate the
intimal and accumulate in the anerial walls, thus produc-
ing diffuse intimal thickening. Subsequently. monocytes
migrate into the thickened intimal area and differentiate into
macrophages. which absorb oxidized LDL via scavenger
receptors. including the SR-A, and then these change into
foam cells—Ileading to fatty streak lesions and atherosclerotic
plaques [22]. In coronary atherosclerotic plaque, disruption
oceurs in the shoulder regions where macrophages have accu-
mulated. leading to ulcerations or arterial occlusions [15-17].

The SR-A gene expression level in the PBMCs was
highest in the ACS group. Contrarily. the SR-A gene expres-
sion levels were low in the control and the stable angina
groups. There were no significant differences in the SR-A
gene expression levels between the control and the stable
angina groups. This result indicates that SR-A gene expres-
sion level in the PBMCs increases in patients with ACS:
a parallel SR-A gene expression level increase is seen in
atherosclerotic lesions. The SR-A gene expression possi-
bly originates in macrophages/monocytes which originate
in the unstable plaque. It appears likely that the unstable
plaque discharges macrophages/monocytes with SR-A due
to any of following: plaque rupture; atherosclerotic lesion
macrophages seeding into the peripheral circulation: circulat-
ing monocytes inducing SR-A gene expression via unstable
plaque: or. some other. as yet. unknown reason. Further study
is needed to clucidate the mechanism for the increasing SR-A
gene expression level in the PBMCs in patients with unstable
plaque

We performed multiple logistic regression analysis with
forward stepwise selection using all the clinical risk factors
and the SR-A gene expression levels. This analysis revealed
that the most predictive indcpendent risk factor for ACS was
the high SR-A gene expression level. followed by low HDL-
cholesterol level and diabetes mellitus. On the other hand. the
independent risk factors for stable angina were diabetes mel-
litus, low HDL cholesterol. and hyperiension. Among these
clinical risk factors and the SR-A gene expression level. the
high SR-A gene expression level was a specific independent
risk factor for ACS. Further. the high SR-A gene expression
level in the stable state of ischemic heart disease was the only
independent predictive marker for a reattack of a cardiovascu-
lar event. Further study on larger and longer-term follow-up
populations will be beneficial to further validate this point.

In conclusion. SR-A gene expression level specifically
increases in the penipheral circulating blood in patients with
ACS. The SR-A gene expression level in the peripheral circu-
lating blood also provides a predictive marker for a reattack
of a cardiovascular event.

Acknowledgments

We thank M. Tsukamoto for secretarial work. This study
was supported in part by the following grants: Grants-in-
Aid for Scientific Research from the Ministry of Education.
Science and Culture. Tokyo. Japan.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found. in the online version. at doi:10.1016/j.atherosclerosis.
2007.09.006.

References

| 1] Burke AP, Farb A, Malcom GT., ¢t al. Coronary risk factors and plaque
morphology in men with coronary disease who died suddenly. N Engl
J Med 1997:336:1276-82.

{2] Lee RT, Libby P. The unstablc atheroma. Arterioscler Thromb Vasc
Biol 1997.17:1859-67.

[3) Herrick ] Certain clinical features of sudden obstruction of the coronary
arteries. Trans Am Assoc Physicians 1912;27:100-16.

{4] Fuster V. Lewis A. Conner memorial lecture. Mechanisms leading to
myocardial infarction: insights from studics of vascular biology. Cir-
culation 1994:90:2]126-46,

[5] Ross R. Atherosclerosis: an inflammatory disease. N Engl J Med
1999.3441115-26.

[6] Fuster V. Fayad ZA. Badimon JJ. Acute coronary syndromes: biology.
Lancet 1999,353(Suppl 11):S11 5-9.

[7] Lindmark E. Diderholm E. Wallentin L. Siegbahn A. Relationship
between interleukin 6 and mortality in patients with unsiable coro-
nary artery disease: effects of an early invasive or noninvasive strategy.
JAMA 2001:286:2107-13.

[8] Anwaruddin S, Askari AT, Topol EJ. Redefining nsk i acute
coronary syndromes using molecular medicine. J Am Coll Cardiol
2007:49:279-89.

[9] Stary HC. The sequence of cell and matrix changes in atherosclerotic
lesions of coronary arteries in the first 40 years of life. Eur Hean J
1990~ 1 1{Suppl E):3-19.

{10] Tracy RE, Devaney K. Kissling G. Charactenstice of the plague
under a coronary thrombus. Virchows Arch A Pathol Anat Histopathol
1985:405:411-27.

[11] Tsner J. Donaldson R. Fortin A, ef al. Attenuation of media of coronary
artenes in advanced atherosclerosis. Am J Cardiol 1986;58:397.

[12] Weyand CM, Goronzy J. Liuzzo G. et al. T<ell immunity in acute
coronary syndromes. Mayo Clin Proc 2001:76:1011-20.

[13] Hamm WC, Braunwald E. A classification of unstable angina revisited.
Circulation 2000:102:118-22,

[14] Richardson JE. Ringwald M. Rubin GM. Sherlock G. Gene ontology:
tool for the unification of biology. Nat Genet 2000;25:25-9.

[15] Ross R. Atherosclerusis: defense mechanisms gone awry. Am J Pathol
1993:143:987-1002.

[16] Ross R. The pathogenesis of athcrosclerosis: a perspective for the
1990s. Nature 1993:362:801-9.

[17] Kaikita K. Ogawa H. Yasue H et al. Tissue factor expression on
macrophages in coronary plagues in paticnts wilh unstable angina.
Arterioscler Thromb Vase Biol 1997;17:2232-7.

[18] Goldstein JL. Ho YK. Basu SK. Brown MS. Binding site on
macrophages that mediates uptake and degradation of acetylated low-
density lipoprotein. producing massive cholesterol deposition. Proc
Natl Acad Sci USA 1979;76:333-7.

doi:10.1016f.atherosclerosis. 2007.09.006

Mmmmnmummu.amanamwm”mm
uwmmwmmnwwmm? x

— 155 —



ATH-10105; No.of Pages8
M. Nakavama et al. / Atherosclerosis xxx ( 2007 ) xxx—xxx

{19] Kodama T. Freeman M. Rohrer L. et al. Type I macrophage scavenger [22] Takahashi K, Takeya M. Sakashita N. Multifunctional roles of
receptor conlains a-helical coil and collagen-like coiled coils. Nature macrophages in the development and progression of atherosclero-
1990;,343:531-5. sis in humans and experimental animals. Rev Med Electron Microsc

[20] Naito M, Suzuki K, Mon T. et al. Coexpression of type [ and type 2002;35:179-203.

I1 human macrophage scavenger receptors in macrophages of van- {23] Tomokiyo R, Jinnouchi K. Honda M. et al. Production. characten-
ous organs and foam cells in atherosclerouc lesions. Am J Pathol zation, and interspecies reactivities of monoclonal antibodies against
1992:141:591-9. human class A macrophage scavenger receptors. Atherosclerosis

[21) Naito M. Kodama T, Matsumaoto A, Doi T, Takahashi K. Tissue dis- 2002;161:123-32.
tribution, intracellular localization, and in vitro expression of bovine
macrophage scavenger receptors. Am J Pathol 1991;139:1411-23.

Mmhﬂhmw%&d&%hmwmwww
;ﬁwmmwmmﬁMMmmmwm
0164 atharosclerosis. 2007 .09.006

~ 1586 —




2027

Original Article

Impact of Metabolic Syndrome Components
on the Incidence of Cardiovascular Disease
in a General Urban Japanese Population:

The Suita Study

Yoshihiro KOKUBQOV, Tomonori OKAMURA", Yasunao YOSHIMASA?,
Yoshihiro MIYAMOTO?, Katsuyuki KAWANISHT?, Yasushi KOTANT?,
Akira OKAYAMAY* and Hitonobu TOMOIKEY

Abdominal obesity is a prerequisite for some definitions of metabolic syndrome (MetS). We investigated the
impact of MetS defined by two different criteria, which either did or did not require abdominal obesity as a
prerequisite, on cardiovascular disease (CVD) incidence in an urban Japanese cohort study. We studied
5,332 Japanese (aged 30-79 years, without CVD at baseline), who completed a baseline survey (September
1989 to March 1994) and were followed up through December 2005. MetS was defined by the NCEP-ATPIII
(modified by Asian obesity criteria) and the Japanese criteria. After 61,846 person-years of follow-up, we
documented 317 CVD incidences. The MetS frequencies of the Japanese and of the modified NCEP-ATPIII
criteria were 17.7% and 25.1% for men and 5.0% and 14.3% for women, respectively. The multivariate hazard
ratios (HRs; 95% confidence intervals [Cl]) of CVD incidence for MetS by the modified NCEP-ATPIII criteria
were 1.75 (1.27-2.41) in men and 1.90 (1.31-2.77) in women, and those for MetS by the Japanese criteria
were 1.34 (0.96-1.87) in men and 2.20 (1.31-3.68) in women. The multivariate HRs of CVD incidence for MetS
for the Japanese and for the modified NCEP-ATPIII criteria were 2.92 (1.54-5.55) and 1.94 (0.98-3.82) in men
under 60 years old, respectively. The CVD incidence risks increased according to the number of MetS com-
ponents. The risks were similar among participants with the same number of MetS components, regardless
of abdominal obesity. In conclusion, the number of MetS components (modified NCEP-ATPIII criteria) may
be more strongly associated with CVD incidence than the abdominal obesity essential criteria (the Japanese
criteria) in a general urban Japanese population. (Hypertens Res 2008; 31: 2027-2035)

Key Words: metabolic syndrome, cardiovascular risk factor, cohort study, general population

and elevated blood pressure (/). Previous papers have shown
an association between MetS and cardiovascular disease

Introduction ek ]
(CVD) (2), but most studies conducted thus far have been
Metabolic syndrome (MetS) 1s a clustering of impaired glu- based on Western populations. There have been scveral well-
cose metabolism, abdominal fat accumulation, dyslipidemia. designed prospective studies of Asian populations, and those
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studies had various limitations, including the use of body
mass index (BMI) (3, 4), non-fasting triglyceride and glucose
levels (3, 4), mortality (4, 5), or small sample size (4-7). In
order to properly define MetS, it is essential to use data on
waist circumference and on the levels of both fasting glucose
and fasting triglycerides.

MetS has been defined in several ways by several groups,
including the World Health Organization (8), the European
Group for the Study of Insulin Resistance (9), the American
Association of Clinical Endocrinologists, and the National
Cholesterol Education Program Adult Treatment Panel III
(NCEP-ATPIII) (10). However, these definitions are aimed
mainly at Western countries. The International Diabetes
Foundation (IDF) (11) and the American Heart Association
(12) have recently introduced alternative definitions that can
be applied worldwide (70). Stroke incidence is relatively
higher in Japan than in Western countries (13). It is uncertain
whether these criteria can be applied well to Japanese popula-
tions. A MetS definition needs to be tailored to the epidemio-
logical background of the area in question.

The Japanese Committee on the Criteria for MetS has
recently proposed a definition of Japanese MetS (i4, 15).
Under both the IDF and the Japanese definitions, the presence
of abdominal obesity is necessary for a diagnosis of MetS.
However, no prospective study has examined the association
between MetS based on the Japanese criteria and CVD, par-
ticularly in urban areas, where most Japanese live. Therefore,
we undertook this study to examine the impact of MetS under
the Japanese and modified NCEP-ATPIII criteria on CVD
incidence in a general urban Japanese population.

Methods

Study Population

The Suita study (/6. 17), an epidemiological survey of cere-
brovascular disease and CVD, was based on a random sam-
pling of 12,200 residents of Suita, a city of approximately
350,000 people in northern Osaka, Japan. As a baseline, in
1989, participants between the ages of 30 and 79 were arbi-
trarily selected from the municipality population registry and
stratified into groups by sex and age in 10-year increments.
Of these, 6,406 men and women participated in regular health
checkups between September 1989 and March 1994. Since
then, these participants have participated in regular health
checkups at the National Cardiovascular Center every 2 years
and answered health questionnaires every year.

Some cohort members in the study population were
excluded from these analyses because they met one or more
of the following criteria: past or present CVD illness at base-
line (n=208), failure to fast for at least 10 h before venipunc-
ture or missing data (n=170), or failure to follow up after
their baseline examination (n=696). After these exclusions,
5,332 individuals remained for analysis.

Baseline Survey

We performed routine blood tests that measured fasting
serum total cholesterol, high-density lipoprotein (HDL) cho-
lesterol, triglycerides, and glucose levels. Physicians or
nurses administered questionnaires covering the subjects’
personal habits and any present illnesses. The subjects were
classified as current smokers if they smoked at least one cig-
arette per day, as non-smokers if they had never smoked. and
as past smokers if they had stopped smoking. Blood pressure
was measured three times in a sitting position after at least 5
min of rest. Systolic and diastolic blood pressures (SBP and
DBP) were taken to be the average of the second and third
measurements that were recorded at least 1 min apart by well-
trained doctors. Waist circumference was measured in a
standing position at the umbilical level to the nearest | cm by
well-trained technicians. Informed consent was obtained
from all participants. This study was approved by the Institu-
tional Review Board of the National Cardiovascular Center.

Definitions of Metabolic Syndrome

MetS was defined using two criteria. First, in accordance with
NCEP-ATPIII (18) criteria, it was defined as the presence of
three or more of the following five components: 1) abdominal
obesity modified by the International Obesity Task Force cen-
tral obesity criteria for Asia (waist circumference 290 cm in
men and 280 cm in women) (19), 2) elevated blood pressure
(SBP/DBP =130/85 mmHg and/or current use of antihyper-
tensive medication), 3) hypertriglyceridemia (serum triglyc-
eride levels 21.7 mmol/L [150 mg/dL] and/or current use of
cholesterol-lowering medication), 4) low HDL cholesterol
(serum HDL levels of <1.0 mmol/L [40 mg/dL] in men and
of £1.3 mmol/L. [50 mg/dL] in women). and 5) elevated
blood glucose levels (fasting blood glucose =6.1 mmol/L
(110 mg/dL] and/or current use of insulin or oral medication
for diabetes).

Second. we used the definition of MetS recommended by
the Japanese Committee on the Criteria for MetS (/4, 15).
MetS was defined by abdominal obesity (waist circumference
=85 ¢cm in men and 290 ¢m in women) (20) and least two of
the following three components: 1) elevated blood pressure
(SBP/DBP 2130/85 mmHg), 2) hyperlipidemia (serum tri-
glyceride levels = 1.7 mmol/L [150 mg/dL] and/or HDL lev-
els <1.0 mmol/L [40 mg/dL)), and 3) elevated blood glucose
levels 26.1 mmol/L (110 mg/dL). Subjects taking medication
for hypertension, hyperlipidemia, or diabetes were included
as having that component.

Endpoint Determination

The endpoint of the follow-up period for each participant was
whichever one of the following occurred first: 1) the date of
the first myocardial infarction (MI) or stroke event, 2) the
date of death, 3) the date the participant moved out of Suita,
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Table 1. Baseline Distributions of Cardiovascular Disease Risk Factors According to Metabolic Syndrome under the NCEP-

ATPIII Modified by Asian Obesity Deflinitions

Men (n=2,492)

Women (n=2,840)

MetS(-) MetS(+) . MctS(-) MetS(+) .
(n=2.043) (n=449) (n=2,253) (n=587) P
Age at bascline, years 5544133 58.1+£11.5 <0.001 52.2+12.6 61.319.8 <0.001
Systolic blood pressure. mmHg 126120 140+19 <0.001 120£20 141+20 <0.001
Diastolic blood pressure, mmHg 78+12 85%11 <0.001 7311 8312 <0.001
Total cholesterol, mg/dL. 200+34 210%35 <0.001 210£38 227138 <0.001
HDL cholesterol, mg/dL 51%13 40+ 10 <0.001 6012 45+10 <0.001
Triglyceride, mg/dL” 121£73 241£156 <0.001 90144 178+113 <0.001
Waist circumference, cm 81.0+£7.3 89.7+7.0 <0.001 74.7+£8.9 87.4+8.5 <0.001
Elevated blood pressure, % 41.8 85.8 <0.001 304 82.1 <0.001
Ilypertriglyceridemia, % 21.6 829 <0.001 72 63.7 <0.001
Lower-HDL cholesterol. % 15:5 64.8 <0.001 18.7 80.1 <0.001
Hyperglycemia, % 89 439 <0.001 3.6 29.6 <0.001
Current smoker, % 50.5 47.6 0.278 11.9 11.8 0.958
Current drinker, % 55 726 0.207 34.6 254 <0.001

Clevated blood pressure: antihypertensive drug use or >130/85 mmHg; hypertriglyceridemia: antilipidemic drug use or triglyceride
>150 mg/dL; lower-HDL cholesterol: HDL cholesterol <40 mg/dL. MetS, metabolic syndrome; HDI., high-density lipoprotein.
+*ANOVA or y° tests were performed. “Log-transformed triglyceride was performed to statistical analysis.

Table 2. Age-Adjusted Hazard Ratios (Confidence Tntervals) for Incidence of Cardiovascular Disease According to Abdominal

Obesity at Baseline Examination

r;1-en .

Women
Case. n Fercan- HR (95% CI) P Case, n Parsn: HR (95% CI) P
i year year

Japanese criteria

<85 ¢cm (men)/<90 cm (women) 111 17,112 1 96 29,960 1

=85 ¢cm (men)/290 cm (women) 7 11,247 097 (0.72-1.30) 0.844 a3 3,800 1.64(1.09-2.46) 0.019
Asian criteria

<90 ¢m (men)/<80 cm (women) 145 23,136 | 53 21,139 1

290 ¢m (men)/ 280 ¢cm (women) 43 5223 1,18(0.84 1.67) 0327 76 12,711 1.44 (1.00-2.07) 0.048
NCEP-ATPIII critena

<102 cm (men)/<88 cm (women) 182 27,976 1 91 28,730 1

>102 cm (men)/=88 ¢cm (women) 6 384 2.00(0.8% 4.54) 0.095 38 5,121 1.47(1.00-2.17) 0.048

HR. hazard ratio: CI, confidence interval.

or 4) December 31, 2005 (censored). As a first-step survey 1o
detect MI and stroke incidence. each participant’s health sta-
tus was checked during a clinical visit at the National Cardio-
vascular Center every 2 vears. Furthermore. every year a
health questionnaire was given to each participant vig mail or
telephone.

Confirmation of Strokes and Myocardial Infarc-
tions

In total. five hospitals in this area were capable of performing
computed tomographic scans and/or magnetic resonance
imaging. and all were major hospitals that admitted acute

stroke and MI patients. Medical records were reviewed by
registered hospital physicians or research physicians who
were hlinded to the baseline information. Strokes and MI
evenls were registered if they occurred after the date on which
the haseline health examination was held and before January
1. 2006. Strokes were defined according to the National Sur-
vey of Stroke critena (27). These criteria require the rapid
onset of a constellation of neurological deficits lasting at least
24 h or until death. For each stroke subtype (cerebral infarc-
tion [thrombotic or embalic infarction], intracerebral hemor-
rhage, and subarachnoid hemorrhage). a definite diagnosis
was established based on examination of computed tomo-
graphic scans, magnelic resonance images, or autopsy. Defi-
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Table 3. Age-Adjusted Hazard Ratios (95% Confidence Intervals) for Incidence of Cardiovascular Disease, Myocardial Infare-

tion, and All Strokes According to Metabolic Syndrome under the Japanese and NCEP-ATPIII Definitions

Men ) Women
MetS(-) MetS(+) p value MetS(-) MeltS(+) p value
Cardiovascular disease
MetS Japanese definition
Cases, n 140 48 110 19
Person-year 23,542 4,817 A2,325 1,526
Age-adjusted 1 1.31 (0.94-1.82) 0.109 2.16(1.31-3.54) 0.002
Mulrivariate-adjusted 1 1.34 (0.96-1.87) 0.080 2.20(1.31-3.68) 0.003
<60 years old
Cases, n 27 15 25 4
Person-year 14,752 2,366 22,085 529
Age-adjusted 1 276 (1.46-5.23) 0.002 1 5.39(1.82-15.98) 0.002
Multivariate-adjusted 1 2.92(1.54-5.55) 0.001 1 6.25 (2.08-18.79) 0.001
260 years old
Cases, n 113 33 85 15
Person-year 8,790 2,451 10,240 997
Age-adjusted 1 1.04 (0.70-1.53) 0.841 1 1.83 (1.05-3.18) 0.033
Multivariate-adjusted 1 1.06 (0.71-1.57) 0.764 ] 1.80(1.01-3.20) 0.046
MetS NCEP-ATPIII (Asian) definition
Cases, n 133 55 73 56
Person-year 23373 4,986 27,405 6,446
Age-adjusted 1 1.70(1.23-2.34)  0.001 I 1.93(1.35-277)  <0.001
Multivariate-adjusted 1 1.75(1.27-2.41) <0.001 | 1.90(1.31-2.77)  <0.001
<60 years old
Cases, n 30 12 19 10
Person-ycar 14,509 2,600 19,872 2,742
Age-adjusted 1 1.79 (0.91-3.52) 0.089 1 2.72(1.23-5.99) 0.013
Multivariate-adjusted 1 1.94 (0.98-3.82) 0.055 1 2.96 (1.34-6.57) 0.007
260 years old
Cases, n 103 43 54 46
Person-year 8,864 2,381 $.533 3.704
Age-adjusted 1 1.67 (1.16-2.40) 0.005 1 1.78 (1.19-2.66) 0.005
Multivariate-adjusted 1 1.73 (1.20-2.48) 0.003 1 1.70 (1.12-2.59) 0.012
Myocardial infarction
MetS Japanese definition
Cases, n 56 22 32 7
Person-year 22,962 4,663 31,697 1,457
Age-adjusted 1 1.48 (0.90-2.44) 0.117 1 2.36 (1.02-5.46) 0.043
Multivanate-adjusted 1 1.51 (0.91-2.48) 0.105 1 2.70(1.15-6.35) 0.023
MetS NCEP-ATPIII (Asian) definition
Cases, n 52 26 18 21
Person-ycar 22,833 4,795 26,944 6,211
Age-adjusted 1 2.09(1.30-3.37) 0.002 1 2.68 (1.41-5.10) 0.003
Multivariate-adjusted 1 2,12 (1.31-3.43) 0.002 1 2.77 (1.44-5.32) 0.002
All strokes
MetS Japancsc definition
Cases, n 84 26 78 12
Person-year 23,177 4,659 32,078 1,487
Age-adjusted ‘ 1 1.21(0.78-1.89) 0.381 1 2.09(1.12-3.88) 0.019
Multivaniate-adjusted 1 1.27 (0.81-1.97) 0.292 1 2.05(1.07-3.92) 0.031
MetS NCEP-ATPIII (Asian) definition
Cases, n 81 29 55 35
Person-year 23,010 4,826 27,266 6.299
Age-adjusted 1 1.52 (0.99-2.34) 0.053 1 1.70 (1.09-2.64) 0.018
Multivanate-adjusted 1 1.58 (1.02-2.43) 0.037 1 1.62 (1.02-2.58) 0.041

Multivariate adjusted for age, smoking and drinking status. MetS, metabolic syndrome.
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nite and probable MI was defined according to the criteria set
out by the MONICA (Monitoring Trends and Determinants of
Cardiovascular Disease) project (22), which requires evi-
dence from ECGs, cardiac enzymes, and/or autopsy. Sudden
deaths of unknown origin were deaths that occurred within 24
h from onset and were included in MI. However, there was lit-
tle difference in hazard ratios between the groups with and
without sudden death from CVD, because sudden death con-
stituted a small sample size (n=6).

To complete surveillance for fatal stroke and MI, we also
systematically searched for death certificates, the purpose of
which were permitted to use by the Ministry of Health,
Labour and Welfare. We checked for possible stroke and MI
using data from 1) the health examination and questionnaire
for the stroke and MI registry. without informed consent for
the medical records survey and 2) death certificates without
registration of CVD incidence, which were defined as proba
ble stroke or MI. CVD was defined as stroke and MI in this
study. Informed consent to review in-hospital medical records
was obtained from 86.2% of participants who were suspected
of having any signs or information suggesting the incidence
of stroke or MI. For 13.8% of subjects from whom informed
consent was not obtained, final diagnoses of CVD were con-
firmed by physicians or epidemiologists who had been
involved in the diagnostic process throughout the study, in
order to avoid the misclassification of diagnoses.

Statistical Analysis

Analyses of variance and ” tests were used to compare mean
values and frequencies by sex, respectively, according to
Met$ based on the modified NCEP-ATPIII critena. For each
subject, the person-years of follow-up were calculated from
September 1, 1989, to whichever came first: the first end
point, M1 or stroke event, death, emigration., or December 31,
2005. A Cox proportional hazards regression model was used
to detect associations between abdominal obesity for Japa-
nese (=85 cm in men or 290 ¢cm in women), Asian (290 cm
in men or 280 cm 1n women), and American criteria (=102
c¢m in men or 2 8% cm in women) and CVD during the follow-
up period. The Cox proportional hazard regressions were fit-
ted to the grouping (positive or negative MetS) after adjusting
for age and the other potential confounding factors: baseline
age, smoking status (never, ex-smoker, or current smoker),
and drinking status (never, ex-drinker, or current drinker).
‘I'rend tests were conducted by assigning the number of MetS
components (o test the significance of these variables. All sta-
tistical analyses were conducted using the SAS statistical
package (release version 8.2: SAS Institute Inc., Cary, USA).

Results

During the follow-up period (averaging 12.5 years), 200
strokes were documented (160 definite strokes and 40 proba-
ble strokes). These strokes compnsed 130 cerebral infarc-
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tions, 31 intracerebral hemorrhages. 22 subarachnoid
hemorrhages, and 17 unclassified strokes. In addition, 117
MIs were documented (61 definite Mls and 56 probable Mls
or sudden cardiac deaths).

Table | shows the distribution of CVD risk factors at the
baseline according to MetS as defined by the modified
NCEP-ATPIII criteria. Compared with the non-MetS$ groups.
men and women with MetS were more likely to be older and
to have higher frequencies of each MetS component.

Table 2 presents the age-adjusted HRs (95% confidence
intervals [CI]) for the incidence of CVD according to waist
circumference by the NCEP-ATPIII, Japanese, and Asian
obesity criteria. Regardless of the criteria set, abdominal obe-
sity was associated with CVD only in women. )

Table 3 shows the association of Met$S by the Japanese and
the modified NCEP ATPIII critena with CVD incidence
according to age category and sex. Using the Japanese crite-
ria, MetS was associated only in women with the incidence of
CVD, MI, and all strokes (HR [95% CI]: 2.20 |1.31-3.68],
270 [1.15-6.35), and 2.05 [1.07-3.92], respectively),
whereas in men overall MetS was not associated with the
incidence of CVD or its subtypes. However., among men
under 60 years old, MetS based on the Japanese critenia was
associated with CVD incidence (HR=2.92, 95% Cl: 1.54-
5.55). Using the modified NCEP-ATPIIl defimition, MetS
was associated with each CVD subtype in both men and
women. Multivanate adjusted HRs of CVD incidence for
MetS based on the NCEP-ATPIII criteria were 1.94 (0.98-
3.82) and 1.73 (1.20-2.48) in men less than or equal to and
over 60 years old, respectively.

Figure 1 shows that the frequency of MetS increased with
age for men and women based on the NCEP-ATPIII (A) and
Japanese (B) criteria, respectively. The trequency based on
the NCEP-ATPUI moditicd by the Asian obesity criteria
(25.1% tor men and 14.3% for women) was higher than that
based on the Japanese criteria (17.7% for men and 5.0% for
women), especially in women.

The risk of CVD incidence increased according to the num-
ber of components combined in men and women with and
without abdominal obesity (Fig. 2). In addition, compared
with the non-abdominal obesity and non-component groups,
the risks of CVD incidence were similar among participants
who had the same numbers of components, regardless of the
presence or absence of abdominal obesity in men and women
combined.

Figure 3 shows the multivariate HRs for MetS based on the
Japanese and NCEP ATPIII definitions moditied by the obe-
sity criteria for waist circumference. When the Japanese defi-
niion was adopted and the risk of MetS was monitored
through sequential waist circumterence changes, the cut-off
points for waist circumference, which conferred a risk of
CVD in men and women, were 84 ¢m and 92 c¢m, respec-
tively, When the definition of MetS indicative waist circum-
ference was higher than those values, the risk was not
statistically significant. When the NCEP-ATPIII definition
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Fig. 1. Frequencies of MetS components (A: the NCEP-
ATPLII definition; and B: the Japanese definition, modified
by the Asian waist circumference criteria) by sex. White and
solid bars indicate men and women, respectively.

was used, the value of waist circumference did not modify the
risk of CVD, implying that the clustering of risk factors may
be more important than waist circumference itself for deter-
mining CVD risk.

Discussion

In the current cohort study of a general urban Japanese popu-
lation, the association between MetS and CVD was signifi-
cant when the NCEP-ATPIII (modified by the Asian criteria)
definition was applied. MetS based on the Japanese criteria
was associated with CVD incidence in women, whereas in
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Fig. 2. Multivariate HRs for the risks of CVD incidence
according to the number of components based on the NCEP-
ATPII definition with and without abdominal obesiry. White
and solid circles indicate non-abdeminal and abdominal
obesity according 1o the Asian obesity criteria. *p<0.05
compared to the reference of non-abdominal obesity and no-
components. Bars show 95% CI for the HRs.

men the association was found only in those under 60 years
old. In addition, the risk of CVD incidence was similar among
participants who had the same numbers of components
regardless of whether they were abdominally obese. To the
best of our knowledge, this is the [irst study of an urban Japa-
nese cohort.

Compared to the previous studies, this study has several
methodological strengths. First, previous Japanese cohort
studies associating MetS with CVD were based predomi-
nantly on BMI (3, 4), non-fasting blood collection (3. 4), and
mortality as the endpoint (4, 5). Our baseline subjects were
observed in the fasting state, and we used waist circumference
and a wide age range. Second, we evaluated a large prospec-
tive cohort of people randomly selected from a general Japa-
nese population. A prospective study has little recall bias as
well as results from a general population cohort that is more
representative than occupational, hospital-hased, or volunteer
cohorts. Third, our sample size was relatively large for a
cohort study and we could therefore perform sub-analysis by
age and CVD subtypes. Fourth, our cohort population was
selected at random from an urban population, in contrast to
most of the other MetS cohort populations, which were
selected from rural populations. Our study is the first of its
kind in an urban area. Finally, our study examined the risk of
CVD incidence, which is a more direct measure of CVD risk
than the rate of CVD monality, because the time to death
from CVD is influenced by treatment.

Abdominal obesity induces inflammation in adiposities
(23), endothelial dysfunction (24, 25), and oxidative stress
(26), thereby contributing to CVD development (27, 28),
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A: The NCEP-ATPIII definition through
sequential changes in waist circumference
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B: The Japanese definition through
sequential changes in waist circumference
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Fig. 3. Multivariate HRs for MerS based on the NCEP-ATPIII (A) and Japanese (B) definitions through sequential changes in
waist circumference by sex. Solid and dotted lineys indicate HRy and 95% CI, respectively.

Accumulating evidence suggests that MetS increases the risk
of CVD (29). However, there has been a lack of convincing
evidence (29) that Met$ 1s associated with CVD in Japan. Iso
et al. reported that MetS was associated with a risk for
ischemic CVD in Japan (3), although they used BMI as well
as non-fasting blood glucose and triglyceride levels to define
MetS. Nimnomiya er al. reported that MetS was a significant
nisk factor for CVD in a rural Japanese population (6). How-
ever, that study examined a rural population half the size of
that in our study. T'akeuchi ef al. reported that MetS was a risk
factor for cardiac disease in a rural cohort (7). but their data
were based on a small sample that comprised only men.
Kadota ¢f al. reported that MetS. defined by BMI and non-
fasting blood samples. was associated with CVD mortality
(4).

We have shown that the components of MetS synergist-
cally increase CVD risk. Abdominal obesity did not affect the
association between the number of MetS components and the
risk of CVD incidence. The risk ot CVD was also not related

to waist circumference when the NCEP-ATPII definition
was applicd (data not shown). suggesting that the combina-
tion of risk factors per se is more important than abdominal
obesity for conferming risk.

The definition of MetS may be reconsidered on the basis of
agce and scx. According to our results. lifestyle modifications
may not be needed for older men who are free of cardiovascu-
lar risk factors even if they have abdominal obesity. There-
fore. to prevent CVD, it is not adequate for only subjects with
MetS to change their lifestyles: subjects with one or two MetS
components, even without abdominal obesity, should modify
therr lifestyles.

When the waist-circumference threshholds were sequen-
tially changed in the Japanese criteria for MetS, our data
showed that the clustering of metabolic risk factors was statis-
tically significant for CVD at waist circumferences less than
85 ¢m for men and 93 cm for women. When the definition of
MetS-indicative waist circumferences was higher than those
values, the risk clustering was not statistically significant for
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