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Figure 1. Case —control association study and LD map. {A) Pairwise 1.1 map around AGTRL! gene. as measured by 0 (lower Ieft triangie) and #* (upper right
iriangie) in the case subjects with brain infarction. Among 49 genotyped SNPs, SNP 14 was exciuded beeause of minor allele frequency <137, An LD block
spanning 230 kb defined by the Japanese daia from the HapMap Project (SNPO6~-SNPS4) was divided into six blocks according to Gabriel's eriteria (11 The
marker SNP32 was located in block 4. (B} Case- vontral association plots for 57 genotyped SNP's. In cach SNP. allele frequency between 1112 cases and 112
contrel subjects was compared using chi-square tes, and - Ing,s, P-values are plotied. Blue dots indicate six SNPs in block 3 that reveated the highest association
and are tocated in ihe infergenic region hetween TNAS/ P and AGTRIL! (SNP20-SNP25). Green dots indicate other four SNPs in block 3 that showed less
signiticant association and are located in TNKSIBPT gene (SNP16-SNPP18) and in its ¥-tlanking region (SNP19). Red dots indicate 11 SNPs in block 3 that are
tocated in the intergenic region (SNP26) and in AGTRLY gene (SNP27-SNP3e). All genotype data were evaluated Hardy —Weinberg cquidibrium and no
significant deviation (£ = .01 was found.

loci and performed the gel-shift assay using nuclear extract of  DNA- protein complex, with a very strony intensity in a
SBC-23 cells, in which JGTRLI was expressed abundantly.  lune corresponding to the G allele of SNP30 (rs9943382,
The gel-shift assay demonstrated a shifted band of g —154G:sA). whereas that to the A allele was very weak
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Transcription-initiation site of AGTRL! gene the first nucleotide of NM_003161.3) is denoted nucleotide + 1. All genotype data were evaluated

Hardy - Weinberg cquilibrium and no significant deviation was found (£ 3 0.01). 1, at-risk allefe: 2. non-risk allele: OR, odds ratio.

(Fig. 3A): the G allele was considered (o be the risk allele and
the A allele to be the protective allele in the assovciation study
[Table 1. odds ratio=1.30. 93% confidence interval
(CH=1.14-147. P=0.000066]. The competition assay
with the unlabelled oligonucicotides demonstrated that the
sell. (G allele) oligonucieotide inhibited DNA-protein
complex formation in a dose-dependent manner but the
non-self oligonucleotide (A  allele) did not (Fig. 3B).
suggesiing that some nuclear proteings) specilically bound to
the DNA fragment comresponding to the (i allele. The compu-
ter simulation using MATCH program based on TRANSFAC
dawbase indicated that Spl teanseription fuctor was likely 1o

bind to the G allele of SNP30 (Fig. 3C). Unlabelled
Spl-binding consensus oligonucleotide also inhibited the for-
mation of the DNA-protein complex (Fig. 3B). Moreover.
when we added anti-Spl antibody to the mixtre, the band
was further shified o a higher molecular position. indicating
the specific binding of the Spl protein to the at-risk G allele
of SNP30 (Fig. 3B). We also carried out the chromutin iinmu-
noprecipitation (ChiP) assay, using HEK293T cells, which
were found to be the heterozygote ai SNP30. We trunsfected
HER293T cells with HA-agged Spl expression  vector
(PCAGGS-Spi-HA) and then DNA~protein complex were
precipitated using  omi-HA  antibody. Subsequent PCR
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Figure 3. Spl regulates tanscription of 4GTRLI gene at the G allele of SNP30. (A) Gel-shift assay using end-labelled 25 bp probes around cach allele of four
SNPs of AGTRLS gene and nuclear extract of SBC-3 cells. A solid arrow indicates the shifted band that shows tighter hinding of a auclear factor 1o the G allele of
SNP30 than to the A allele. A broken arrow indicates the shifted band that shows tighter binding of a nuclear factor to the A allele of SNP32 than to the C allele.
(B} Giel-shift assay using end-labelled probes around the G allele of SNP30 and nuclear exiract of SBC-3 cells. DNA-protcin complex (solid arrow) was
compeied by unlabelled oln.onudeomk with the G allele but not by oligonucicotide with the A allele. This complex was also strongly competed by unlabelled
Spl-consensus oligonucleotide. When we added anti-Spt antibody to the mixture. additional shifted band was observed in a long cxposure image (bmkcn arrow).
(C) DNA sequences of eligonucleotide used in gel-shift assay, The sequence around the G allcle of SNP30 is more similar to GC box (GGGCGG). the
Spl-consensus sequence, than the A allele. The core match seores were caleulated using MATCH program. (D) ChIP, using formaldehyde-treated
HER293T cells trat were ectopically expressed HA-tagged Spl proicin. DNA was immunoprec lpll.hul with (anti-HA) or without {nv antibody) anti-HA anti-
body. DNA \dl:.pk betore precipitation was used as a control (input). For each sample, PCR for wenomic fragment around SNP30 was performed. PCR for the
3-flanking region of AGTRLI was also performed us a negative control that had no putative Spl-binding siie. (K1 Exogeunously introduced Spl induced AGTRL!
@RNA. HEKZU3T cells were iransfected with mock pCAGGS or HA-ragged Spt expression vector {p( AGGS-Spl-HA)L RNAs were extracted in various time
spans, dm‘ semi-quantitative {upper) and real-time itative tower) RT-PCR for AGTRLI and B23M mRNA were performed. (F) Luciferase assay. Eighty
base pair fragments around gach allele of SNP -flanking region of AGTRLI were inserted into p(nL -basic vector. Luciferase assay was performed

using L-208 cells with co-transtection of mock pCAGGS or pC 2 -Spl-HA vector. Luciferase aciivity is indicated relative to the activity of p(L3-basic
vector, Euch sample was siudied in triplicate and duia shown are the mean + SD (*f < 0010,
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experiments indicated that Spl bound to a genomic fragment
corresponding to SNP30O in vivo (Fig. 3D). To evaluate
allele-specific binding of Sp! in the ChIP assay. we subcloned
the PCR product from anti-HA ChIP sumple inio
pCR2.1-TOPO vector and transformed Escherichiu coli com-

petent cells. Then, we genotyped SNP30 in 20 colonies of

these transformed cells and found all colonies had the G
allele, indicating the specific binding of Sp! to the genomic
region including the G allele, but not the A allele. Further-
more. we found that iutroduction of Spl expression vector

to HEK293T cells remarkably induced transcription of

_AGTRL! mRNA (Fig. 3E).

To further evaluate the promoter or enhancer activity of the
genomic region around this SNP, we perfonned a luciferase
assay using U-20S cells, which expressed Spl at a very low
level (18). An 80 bp DNA fragment (—202/—123) including
the SNP30 locus was inserted into the pGl.3-basic vector.
Exogenously introduced Spl enhanced the luciferase activity
in the cells transfected with the reporter vector containing
the G allele, but the enhancement was relatively low in the
cells transfected with the A allele vector (Fig. 3F). These find-
ings implied that Spl enhanced the transcription of AGTRLI
through the binding to the G allele of SNP30. As Spl is abun-
dantly expressed in multiple tissues. the subjects with the
disease-susceptible G allele are expected to have higher
expression of APJ and might result in the higher activity in
the apelin/APJ-signalling pathway.

We also found a DNA-protein complex formation
specilic to the A-allele oligonucleotide of SNP32 (rs948847,
+370A7C) (Fig. 3A), but no transcription factor was predicted
to bind 10 a region corresponding to this SNP. We also con-
structed luciferase vector comaining an 18 bp DNA fragment
(+366/4-583) corresponding to each allele of SNP32, but no
difference in the reporter activities was found (data not
shown).

The association of SNP30 with brain infarction
susceptibility in the prospective cohort study

We then examined the effect of SNP30 on the incidence of

brain infarction, using the data obtained from the population-
based prospective cohort study in Hisaysma town (1), During
a 14 year follow-up period. 67 events of first-ever brain infarc-

tion were observed among 1659 subjects without a history of

stroke at baseline examination. The 14 year cumulative inci-
dence of brain infarction was 3.58% in the subjects with GG
genotype and 2.79% in the other genotypes (GA and AA)
(Fig. 4). Age- and sex-adjusted risk of brain infarction was
significantly higher in the GG genotype than in the other

eenotypes  (hazard ratio = 2.00, 95% CI=122-3.29,
P = 0.006).

Traunscription of apelin, the ligand of APJ, was also
activated by Spl

Since MATCH prograin also predicted Sp1-binding motif (GC
box} in the 3-flanking region of APLA gene (Fig. 3A,

— 147/ — 142), we examined the effect of Spl on APLN

transcription.
HEK293T

Introduction of Spl
cells significantly increased

expression  vector o
APLN  mRNA
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Figure 4. Kaplan-Meier csiimates of incidence of brain infarction during td
vears of follow-up in the Hisayama study, stratificd by the GG genotype and
the other genotypes (GA and AA)

(Fig. 3B). Furthermore, we constructed a 468 bp DNA frag-
ment {—336/+132) including this putative Spl-binding site
into the upstreamn of the luciferase gene. The reporter-gene
assay by co-translection of this clone with Spl expression
vector in U-208 cells indicated remarkable enhancement of
the luciferase activity (Fig. 5C). indicating APLN was also a
transcriptional target of Spl. These results demonstrated that
Spl is a key regulator of the apelin/API-signalling pathway.

DISCUSSION

In spite of the recent advances in medicine. stroke is still one
of the leading causes of death as well us severe physical
disability. A genome-wide approach is believed to be useful
to find novel genes underlying complex truits. In fuct
genetic variations in several genes enhancing susceptibility
o common discases such as myoeardial infarction {19), {gA
nephropathy (20,21), Crohn’s disease (22) und ostevarthritis
(23) were successfully ideniified. We recently reported that a
non-synonymous SNP in PRKCH gene was associated with
susceptibility to brain infarction through the large-scale gene-
based SNP analysis (8). Using the same approach, the present
study identified an SNP in the 5-flanking region of the
AGTRLIL gene (SNP30, — 133G7A) to be significantly associ-
ated with brain infarction. We demonstrated that  the
genomic fragment including the G allele of this particular
SNP had much higher binding aflinity to Spl transcription
Factor and higher enbancer activity than that of the A allele.
[t is also found that the subjects with homozygote of the G
allele of SNP30 had higher incidence of brain infarction in
the 14 year follow-up study of the population-based cobort.
Furthermore, we showed that both AGTRLI and APLN
genes were likely to be regulated by Spl. From these
results, it is reasonable to consider that the apelin/APJ-
signalling pathway might be highly activated in the subjects
with the G allele of SNP30 through the binding of Spl and
might contribute to the pathogenesis of brain infarctiou.

APJ was first identified as a novel orphan G protein-coupled
receptor in 1993 (24), and the endogenous ligand for APJ.
apelin, was found in 1998 (25). Recent aceunulated lines of
evidence revealed that the apelinAPJ signatling plays an
important role to maintain homeostasis of cardiovascular
system. APl is abundanily expressed in hypothalamus and
medulla oblongata. which play key roles in cardiovascular
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Figure 5. Trunscriptional regulation of 4PLN gene by Spl. (A) Genomic
structure of APLN. A putative Spl-binding site {GC box) was located in the
upstream  { -142) of the winscription-initiotion  sitc based on
NM_17413.3. ATG indicates the initintion codon. TGA indicates the siop
codon. (B) Exogenously introduced Spl induced APLN mRNA. HER293T
cells were ransfected with mock pCAGGS or HA-agged Splexpr
vector (pCAGGS-Spi-HA) RNAs were extracted in varions time spans. and
semi-quantitanive (upper) and realtime quantitative (lower) RT-PCR for
APLN mRNA wnd B2M were perfonned. (C) Luciferase assay. A 468 bp tray
ment around the GC box of APLA was tnserted into pGl3-hasic veetor. Luci-
ferase assay was perfonned using U-208 cells with co-trsfection ot mock
PCAGGS or pCAGGS-Spi-HA veetor. Luciferase activity is indicated relative
to the activity of pGL3-basic vector. Each sample was studied in teiplicate and
data shown are the mean -+ SD (7F <2 0.01).

sion

regulation (14—17). [t was recently reported that mean arterial
pressure was increased after administration of apelin into
cerebral ventricle or medulla oblongata in rats (16,17).
Furthermore, apelin/APJ signalling was shown to activale
the phosphatidylinositol 3-kinase (PI3KVAKt pathway (26).
which  was indicated to promote  the
atherosclerotic lesion (27). Thus, we considered that disease-
susceptible SNP in the AGTRLI gene might be associated

with the disorder of blood pressure and the progression of

atherosclerosis, which are the major causes of brain infarction,
although the relationship between this SNP and cardiovascular
diseases should be examined in the future studies.

development  of

In conclusion. we identified AGTRLI as a susceptible gene
to brain infarction by means of a large-scale SNP screening. A
functional SNP in the 3-flanking region of .1GTRL/I gene
appears likely to regulate its transcription level through the
allele-specific binding of Spl transeription factor. We also
found ihat this functional SNP increased the risk of brain
infurction in the population-based prospective cohort study.
Despite the recent advances 1n medicine, brain infarction is
still one of the major causes of death. Prediction of brain
infurction risk by the analysis of AGTRLI genotypes may be
useful for the prevention and primary care of stroke. Although
the mechanisms of apelin/APJ signalling in the pathogenesis
of brain infarction are still o be elucidated, our finding
might coptribute to a better understanding of brain infarction
in the future.

MATERIALS AND METHODS
Study populations

For the large-scale case~control association study, we regis-
tered patients with brain infarction from seven medical
centres in and around Fukuoka City, Japan (Kyushu University
Hospital. National Flospital Organization Kyushu Medicul
Center, National Hospital Organization Fukuoka Higashi
Medical Center, Fukuoka Red Cross Hospital. Hakujuji Hospi-
tal. Imazu Red Cross Hospital and Seiui Rehabilitation Hospi-
tal) in 2004, Details of the registration were described
previousiy (8). [n brief. all case subjects were diagnosed by
stroke neurologists on the basis of detailed clinical teatures
and brain imaging including computed tomography and mag-
netic resonance imaging. Control subjects were enrolled trom
the participants of the Hisayami study. a population-based
cohort study for cardiovascular diseases in Hisayama Town,
started in 1961. Details of this study have been described
previously (1.3.8). Between 2002 and 2003. we performed
a screening examination for Hisayama residents. and 3328
individuals of 40 years or higher (78% of the total population
of this age group) participated in the examination. After
excluding the subjects with a history of stroke or coronary
heart disease, we randomly selected age- and sex-matched
control  subjects by 1:1. using random numbers. Mean
age +£ SD wus 70 4 10 vears und 60.7% of subjects were
male in both case and control groups.

For the prospective cohort study. we used a cohort popu-
lation of the Hisayama study established tn 1988 (1.8).
In this cohort, 2637 Hisayama residents aged 40 vears or
over without a history of stroke or coronary heart disease
were enrolled in 1988 and continuously followed up for 14
years until the occurrence of cardiovascular diseases or
death. Among them, the 1683 subjects participated in the
examnination between 2002 und 2003 were used in the
present study. Mean age + SD at baseline was 56 + 10
years and 40.3% of subjects were male in this cobort.

All subjects were Japanese and provided written informed
consent to participate in the study. This study was approved
by human ethics commitices of Graduate School of Medical
Sciences, Kyushu University and Institute of Medical
Science, the University ol Tokvo.
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SNP genotyping

We extracted genomic DNA from peripheral blood leukocytes
by a standard method. We genotyped SNPs, using the muiti-
plex PCR-based invader assay (Third Wave Technologies),
as described previously (28), or TagMan SNP genotyping
assays (Applied Biosystems).

Northern blotting

¢DNA probe was constructed from full-length coding region
of AGTRI1 gene. The probe waos labelled with [ee-"*P]-CTP
"(GE Healthcare). using Megaprime DNA labelling systems
(GE Healtheare), and hybridized with Human Multiple
Tissue Northern Blot [, 1T and [Il membranes (Takara Bio),
using a standard protocol.

Cell culture

Human lung cancer SBC-3 cells were grown in RPMI medium
1640 (Invitrogen) with 10% fetal bovine serum (FBS). Human
embryonic kidney fibroblasts HEK293T were grown in
Dulbeceo’s modified Eagle’s medivm (Tavitrogen) with 10%
FBS. Human osteosarcoma U-20S cells were grown in
McCoy’s Sa medium (Invitrogen) with 3% FBS. All cells
were Incubated in a4 humidified atmosphere with 3% CO- at
37°C.

Gel-shift assay

The sequence of each probe is listed in Supplementary
Material, Table S2. Oligonucleotides were mmealed and
end-labetled  with [v-*P]-ATP (GE Healthcare), using
T4-polynucleotide kinase (Toyobo). We prepared nuclear
extract from SBC-3 cells, as described previously (29). Ten
micrograms of nuclear extract was incubated for 30 min at
roomn temperature with 500 000 c.p.m. of labelled probe in a
reaction mixture of 15 my Tris—HCL (ptl 7.5), 6.3% glycerol,
30 mm KCL 0.7 mm EDTA-2Na (pH §.0). 0.2 mm dithiothrei-
tol, 0.1% bovine serum albumin, 1 pg of poly(di-dC) and
0.1 py of salmon sperm DNA. For competition assays. 10-,
30~ or 100-fold molar excess of unlabelled oligonucleotide
was added and incubated for another 30 min at room tempera-
ture. For supershift assay, 2 pg of goat polycional anti-human
Spl antibody (SantaCruz, s¢-59X) was added and incubated
for another 30 min at room temperature. The inixture was
subjected to electrophoresis on a 4% polyvacrylanude gel in
0.5> Tris—Borate—~EDTA butler. The gel was dried up
before exposure to X-ray film.

ChIP assay

We subcloned the full-length human Spl ¢DNA with HA tag
in the C-terminus  into pCAGGS  expression  vector
(PCAGGS-Spl-HA) HERK293T cells were transfected with
the vector using FUGENE 6 Transfection Reagent (Roche).
Forty-eight hours later, cells were treated with 1% formal-
dehyde and  inumunoprecipitated by rabbit  polyclonal
anti-HA antibody (SantaCruz. sc-803). using Chromatin
Iimmunoprecipitation Assay Kit (Upstate) according to the

Human Molecutar Genetics. 2007, Vol 16, No. 6 637

manufacturer’s protocol. We also performed the same protocol
without antibody. Precipitated DNAs were analysed via PCR
using primer pairs listed in Supplementary Material.
Table $3. To evaluate allele-specific binding of Spl, we
subcloned the PCR product from anti-HA ChIP sample into
pCR2.I-TOPO vector (Invitrogen) and transformed £. coli
competent cells (DELIOB sirain) with this vector by electro-
poration. Then we incubaied these E. coli on a Luria Bertani
agar plate overnight and picked up 20 colonies from the
plate. For each colony. we performed PCR. using the same
primer sets, and genotyped SNP30 by direct sequencing,
using ABI 3700 (Applied Biosystemns).

Semi-quantitative RT—-PCR and real-time quantitative
RT-PCR

We transfected pCAGGS-Spi-HA or mock pCAGGS vector
to HEK293T cells. Total RNAs were collected in various
time spans. using RNeasy Mini Kit and RNuse-free DNase
Set (Qiagen). ¢DNAg were synthesized by SuperScript 11
Reverse Transeriptase (Invitogen). Expression levels of
human AGTRL!, 4PLN and housekeeping gene B2M were
determined by semi-guantitative RT-PCR, using primer
pairs listed in Supplementary Material, Table $3. For real-time
quantitative RT~PCR, ¢DNAs were amplified using SYBR
Premix ExTag (Takara Bio) and analysed by ABI PRISM
7700 {Applied Biosystems), using primer pairs listed in
Supplementary Material, Table S3. The nonnalized amount
of AGTRL! or APLN expression was obtained by dividing
the AGTRLI or APLN value, respectively, by the B2Af value.

Luciferase assay

DNA fragment corresponding w =202 to — 123 ol AGTRLI,
including either allele of SNP30O and DNA frugment corre-
sponding to —336 to 4132 of 4PLN were subcloned into
pGL3-basic luciferase vector (Promega). We trunsfected
U-208 cells with 90 ng of each reporter construct, 10 ng of
pRL-TK vector (Promega) and 100 ag of cither pCAGGS-
Spl-HA or mock pCAGGS vector, using FuGENE 6 Transtec-
tion Reuagent (Roche). After 48 h. we coliected the celly and
measured luciferase activities, using Dual Luciferase Assay
System (Tovo B-Net).

Statistical analysis

equilibrimn by chi-square test and Fisher's exact test. For
adjustment of multiple esting. we pertormed a random permu-
tation test with 10 000 replications, using MULTTEST pro-
cedure of SAS software version 9.1.2 (SAS Iustitute). LD
coeflicients (£’ and 57y were calculuted using the expectation-
maximization algorithm. and haplotype blocks were defined
by Gabriel’s eriteria (11). using Haploview version 3.32
{Broad Institute). In the prospective cohort study, the cumulat-
ive incidence of brain infarction was estimated by Kaplan—
Meier product limit method. and age- and sex-adjusted
hazard ratio and its 93% Cl were estimated by Cox
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proportional hazards model using SAS seftware. The relative
luciferase activities were compared using 1-tesi.

URLs

The JSNP database can be found at hitp:#sup.ams.u-tokyo.ac.
1p¢. The International HapMaup Project can be tound at hitp
www hapmap.org’. The dbSNP and GenBank databases pro-
vided by the NCBI of the USA can be found at hitp:ifwww.
nebi.nlm.nib.gov/, The Huplo\'iew soltware (Broad [nstitute)
can be found at hup:#www broad.mit.edu/mpghaploview?.
The GENSCAN program (Stanford University) can be
found at hutp:/genes.mit.edW’GENSCAN html. The MATCH
program (Biobase) can be found at httprifwww gene-
regulation.com/.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at HMG Online.
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Impact of Metabolic Syndrome on the Development of
Cardiovascular Disease in a General Japanese Population
The Hisayama Study

Toshiharu Ninomiya, MD, PhD; Michiaki Kubo, MD, PhD; Yasufumi Doi, MD, PhD;
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Background and Purpose—The metabolic syndrome (MetS) is associated with an increased risk of cardiovascular disease
(CVD) events in general populations. However, well-designed prospective studies in Asian populations are very limited.
Methods—We prospectively evaluated a total of 2452 community-dwelling Japanese individuals aged 40 years or older
from 1988 to 2002 and examined the effects of MetS defined by the modified National Cholesterol Education Program

Adult Treatment Panel HI criteria on incident CVD.

Results—The prevalence of the MetS was 21% in men and 30% in women at baseline. During the follow up, 307 CVD
events occurred. Compared with those without MetS, the age-adjusted incidence of CVD (per 1000 person-years) was
significantly higher in subjects with the MetS in both men (21.8 versus 11.6, P<0.01) and women (12.9 versus 6.5,
P<0.01). The risk of CVD events was significantly higher even after adjusting for the following confounding factors:
age, proteinuria, electrocardiographic abnormalities, serum total cholesterol, smoking habits, alcohol intake, and regular
exercise (hazard ratio, 1.86; 95% CI, 1.32 to 2.62 in men and hazard ratio, 1.70; 95% CI, 1.22 to 2.36 in women). The
risk of incident CVD was found to increase with the number of components of MetS and became significantly predictive
when the number of components reached 3. Similar associations were also observed when CVD was divided into

coronary heart disease and stroke.

Conclusions—Our findings suggest that MetS is a significant risk factor for the development of CVD in the Japanese

middle-aged population. (Stroke. 2007;38:2063-2069.)
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etabolic syndrome (MetS), also known as syndrome

X,! the insulin resistance syndrome,? and deadly quar-
tet,? is a constellation of dyslipidemia, central obesity, ele-
vated blood pressure, and impaired glucose tclerance. It is
associated with high risk for the development of type 2
diabetes mellitus and cardiovascular disease (CVD).4-7 In the
past several years, a great deal of attention has been directed
to it attributable to increases in its prevalence worldwide¢ and
its association with CVD morbidity and mortality. Although
each of the components of MetS has been shown to increase
CVD risk,5-12 the presence of MetS has been reported to
identify additional risk.” Different prospective studies?.'>25
based on the definitions from the National Cholesterol Edu-
cation Program’s (NCEP) Third Adult Treatment Panel Re-
port HI° and World Health Organization® showed that
subjects with MetS are at increased risk of incident CVD,
CVD mortality, and all-cause mortality in the general popu-

lation with or without diabetes mellitus. However, most of
these studies were based on Western populations, and well-
designed prospective studies in Asian populations are very
limited.27-%° Thus, there is a dearth of literature regarding the
relationship of MetS with incident CVD based on general
population cohorts with a reasonable length of follow-up time
in ethnic groups other than whites. In this study, we examined
the impact of MetS on CVD events in a general Japanese
population cohort based on 14-year prospective follow-up
data.

Materials and Methods
Study Population

The Hisayama Study, an epidemiological study of cerebro- and
cardiovascular diseases, was established in 1961 in Hisayama Town,
a suburban community adjacent to Fukuoka City, a metropolitan area
of Kyushu Island in southern Japan. The population of the town is
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approximately 7500, and full community surveys of the residents
have been repeated since 1961.3° Tn 1988, a screening survey for the
present study was performed in the town. A detailed description of
this survey was published previously.3! Briefly, a total of 2736
residents aged 40 years or over (80.7% of the total population of this
age group) consented to participate in the examination and under-
went a comprehensive assessment. After excluding 102 subjects with
a history of coronary heart disease or stroke, as determined by a
questionnaire and medical records, one subject for whom no blood
sample was obtained, 120 subjects with postprandial blood sample,
and 61 subjects without the measurements of their waist circumfer-
ences, the remaining 2452 subjects (1050 men and 1402 women)
were enrolled in this study.

Follow-Up Survey

The subjects were followed prospectively from December 1988 to
November 2002 by repeated health examinations. Health status was
checked yearly by mail or telephone for any subjects who did not
undergo a regular examination or who had moved out of town. We
also established a daily monitoring system among the study team and
local physicians or members of the town’s health and welfare office.
When a subject died, an autopsy was performed at the Department of
Pathology of Kyushu University. During the follow-up period, only
one subject was lost to follow up and 479 subjects died, of whom 362
(75.6%) underwent autopsy.

Definition of Cardiovascular Events

CVD was defined as first-ever development of coronary heart
disease (CHD) or suoke. The criteria for a diagnosis of CHD
included first-ever acute myocardial infarction, silent myocardial
infarction, sudden cardiac death within 1 hour after the onset of acute
illness, or coronary artery disease followed by coronary artery
bypass surgery or angioplasty.?> Acute myocardial infarction was
diagnosed when a subject met at least 2 of the following criteria: (1)
typical symptoms, including prolonged severe anterior chest pain;
(2) abnormal cardiac enzymes more than twice the upper limit of the
normal range; (3) evolving diagnostic electrocardiographic changes;
and (4) morphological changes, including local asynergy of cardiac
wall motion on electrocardiography, persistent perfusion defect on
cardiac scintigraphy, or myocardial necrosis or scars >1 cm long
accompanied by coronary atherosclerosis at autopsy. Silent myocar-
dial infarction was defined as myocardial scarring without any
historical indication of clinical symptoms or abnormal cardiac
enzyme changes. Stroke was defined as a sudden onset of noncon-
vulsive and focal neurological deficit persisting for >24 hours. The
diagnosis of stroke and the determination of its pathological type
were based on the clinical history, neurological examination, and all
available clinical data, including brain CI/MRI and autopsy find-
ings. Stroke was classified as either ischemic or hemorrhagic.32

Risk Factor Measurement

At the bascline examination, each participant completed a self-
administered questionnaire covering medical history, exercise, treat-
ment for hypertension or diabetes, smoking habits, and alcohol
intake. The questionnaire was checked by trained interviewers at the
screening. The subjects engaging in sports or other forms of exertion
=3 times a week during their leisure time made up aregular exercise
group. Smoking habits and alcohol intake were classified into
currently habitual or not.

Blood pressure was measured 3 times using a standard mercury
sphygmomanometer in the sitting position after rest for at least 5
minutes. The mean of the 3 measurements was used for the analysis.
Hypertension was defined as blood pressure =140/90 mm Hg and/or
current use of antihypertensive agents. The waist circumference was
measured at the umbilical level in a standing position by a trained
staff member. Body height and weight were measured in light
clothing without shoes and the body mass index (kg/m’) was
calculated. Electrocardiographic abnormalities were defined as left
ventricular hypertrophy (Minnesota code, 3 to 1) and/or ST depres-
sion (Minnesota code, 4 to 1, 2, or 3).

Blood samples were collected from an antecubital vein after an
overnight fast for the determination of lipids and blood glucose
levels. Serum total cholesterol, triglycerides, and high-density li-
poprotein cholesterol concentrations were determined enzymatically.
Fasting blood glucose levels were measured by the glucose oxidase
method. Diabetes was defined as fasting blood glucose =126 mg/dL
(7.0 mmol/L) and/or current use of insulin or oral medication for
diabetes. Fresh voided urine samples were collected at the examina-
tion and proteinuria was defined as | + or more using a reagent strip.

Definition of Metabolic Syndrome

MetS was defined by using criteria recommended in the NCEP Adult
Treatment Panel HI guideline’ with a modification. Specifically,
abdominal obesity was defined as a waist circumfereace >90 cm in
men and >80 cm in women according to International Obesity Task
Force central obesity criteria for Asia.?? Elevated blood pressure was
defined as average systolic/diastolic blood pressures of =130/
85 mm Hg and/or current use of antihypertensive medicine. Hyper-
triglyceridemia was defined as serum triglycerides of =1.69 mmol/L. Low
high-density lipoprotein cholesterol was defined as serum high-density
lipoprotein cholesterol levels of <1.03 mmolL in men and of
<1.29 mmol/L in women. Elevated blood glucose level was defined as
fasting blood glucose of =6.10 mmol/L and/or current use of insulin or oral
medication for diabetes. MetS was defined as the presence of 3 or more of
these components.

Statistical Analysis

The SAS software package (SAS Instiwte, Inc, Cary, NC) was used
to perform all statistical analyses. Serum triglycerides were trans-
formed into logarithms to improve the skewed distribution. The
statistical significance of differences in mean values of continuous
variables and frequencies of categorical variables was examined
using the Student r test and x* test as appropriate. The incidences
were calculated by the person-year method. Differences in inci-
dences between MetS status were tested by the Cox proportional
hazards regression analysis after adjustment for age. The age- or
multivariate-adjusted hazard ratios (HRs) and 95% Cls were also
estimated with the use of the Cox proportional hazards model.
P<0.05 was considered statistically significant in all analyses.

Results

The overall prevalence of MetS at baseline was 25.9%. The baseline
characteristics on the basis of sex and MetS are shown in Table 1.
Men with MetS had significantly higher mean values of blood
pressures, waist circumference, body mass index, fasting blood
glucose, and serum triglycerides and lower mean values of serum
high-density lipoprotein cholesterol compared with those without
MetS. Moreover, the frequencies of antihypertensive medication,
hypertension, proteinuria, diabetes, and alcohol intake were higher
in men with MetS than in those without MetS. A similar distribution
was observed in women with MetS in terms of the previously
mentioned variables except for alcohol intake. In addiGon, women
with Mets were significantly older and had higher serum total
cholesterol compared with those without MetS.

During the 14-year follow up, 307 first-ever CVD events (158
men and 149 women) occurred. Of these, there were 125 CHD (78
men and 47 women) and 209 stroke events (94 men and 115
women). The age-adjusted incidences of CVD were significantly
higher in subjects with MetS compared with those without MetS for
both sexes (men: 21.8 versus 11.6 per 1000 person-years, P<0.01;
women: 12.9 versus 6.5, P<0.01) (Table 2). The same was true for
CHD incidence in both sexes (men: 92 versus 5.7, P<001;
women: 5.1 versus 1.5, P<0.01) and for stroke in men (14.1 versus
6.4, P<001). When we divided strokes into ischemic and hemor-
thagic type, the age-adjusted incidences of ischemic stroke were
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Background and Purpose—The metabolic syndrome (MetS) is associated with an increased risk of cardiovascular disease
(CVD) events in general populations. However, well-designed prospective studies in Asian populations are very limited.
Methods—We prospectively evaluated a total of 2452 community-dwelling Japanese individuals aged 40 years or older
from 1988 to 2002 and examined the effects of MetS defined by the modified National Cholesterol Education Program

Adult Treatment Panel I criteria on incident CVD.

Results—The prevalence of the MetS was 21% in men and 30% in women at baseline. During the follow up, 307 CVD
events occurred. Compared with those without MetS, the age-adjusted incidence of CVD (per 1000 person-years) was
significantly higher in subjects with the MetS in both men (21.8 versus 11.6, P<0.01) and women (12.9 versus 6.5,
P<0.01). The risk of CVD events was significantly higher even after adjusting for the following confounding factors:
age, proteinuria, electrocardiographic abnormalities, serum total cholesterol, smoking habits, alcohol intake, and regular
exercise (hazard ratio, 1.86; 95% CI, 1.32 to 2.62 in men and hazard ratio, 1.70; 95% CI, 1.22 to 2.36 in women). The
risk of incident CVD was found to increase with the number of components of MetS and became significantly predictive
when the number of components reached 3. Similar associations were also observed when CVD was divided into
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Conclusions—OQur findings suggest that MetS is a significant risk factor for the development of CVD in the Japanese
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etabolic syndrome (MetS), also known as syndrome

X,! the insulin resistance syndrome,? and deadly quar-
tet,® is a constellation of dyslipidemia, central obesity, ele-
vated blood pressure, and impaired glucose tolerance. It is
associated with high risk for the development of type 2
diabetes mellitus and cardiovascular disease (CVD).4-7 In the
past several years, a great deal of attention has been directed
to it attributable to increases in its prevalence worldwide¢ and
its association with CVD morbidity and mortality. Although
each of the components of MetS has been shown to increase
CVD risk,®-12 the presence of MetS has been reported to
identify additional risk.” Different prospective studies’13-25
based on the definitions from the National Cholesterol Edu-
cation Program’s (NCEP) Third Adult Treatment Panel Re-
port IIF and World Health Organization?® showed that
subjects with MetS are at increased risk of incident CVD,
CVD mortality, and all-cause mortality in the general popu-

lation with or without diabetes mellitus. However, most of
these studies were based on Western populations, and well-
designed prospective studies in Asian populations are very
limited.27-29 Thus, there is a dearth of literature regarding the
relationship of MetS with incident CVD based on general
population cohorts with a reasonable length of follow-up time
in ethnic groups other than whites. In this study, we examined
the impact of MetS on CVD events in a general Japanese
population cohort based on 14-year prospective follow-up
data.

Materials and Methods

Study Population

The Hisayama Study, an epidemiological study of cerebro- and
cardiovascular diseases, was established in 1961 in Hisayama Town,
a suburban community adjacent to Fukuoka City, a metropolitan area
of Kyushu Island in southern Japan. The population of the town is
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approximately 7500, and full community surveys of the residents
have been repeated since 1961.3% In 1988, a screening survey for the
present study was performed in the town. A detailed descciption of
this survey was published previously.! Briefly, a total of 2736
residents aged 40 years or over (80.7% of the total population of this
age group) consented to participate in the examination and under-
went a comprehensive assessment. After excluding 102 subjects with
a history of coronary heart disease or stroke, as determined by a
questionnaire and medical records, one subject for whom no blood
sample was obtained, 120 subjects with postprandial blood sample,
and 61 subjects without the measurements of their waist circumfer-
ences, the remaining 2452 subjects (1050 men and 1402 women)
were enrolled in this study.

Follow-Up Survey

The subjects were followed prospectively from December 1988 to
November 2002 by repeated health examinations. Health status was
checked yearly by mail or telephone for any subjects who did not
undergo a regular examination or who had moved out of town. We
also established a daily monitoring system among the study team and
local physicians or members of the town’s health and welfare office.
When a subject died, an autopsy was performed at the Department of
Pathology of Kyushu University. During the follow-up period, only
one subject was lost to follow up and 479 subjects died, of whom 362
(75.6%) underwent autopsy.

Definition of Cardiovascular Events

CVD was defined as first-ever development of coronary heart
disease (CHD) or stroke. The criteria for a diagnosis of CHD
included first-ever acute myocardial infarction, silent myocardial
infarction, sudden cardiac death within { hour after the onset of acute
illness, or coronary artery disease followed by coronary artery
bypass surgery or angioplasty.3> Acute myocardial infarction was
diagnosed when a subject met at least 2 of the following criteria: (1)
typical symptoms, including prolonged severe anterior chest pain;
(2) abnormal cardiac enzymes more than twice the upper limit of the
normal range; (3) evolving diagnostic electrocardiographic changes;
and (4) morphological changes, including local asynergy of cardiac
wall motion on electrocardiography, persistent perfusion defect on
cardiac scintigraphy, or myocardial necrosis or scars >1 cm long
accompanied by coronary atherosclerosis at autopsy. Silent myocar-
dial infarction was defined as myocardial scarring without any
historical indication of clinical symptoms or abnormal cardiac
enzyme changes. Stroke was defined as 2 sudden onset of noncon-
vulsive and focal neurological deficit persisting for >24 hours. The
diagnosis of stroke and the determination of its pathological type
were based on the clinical history, neurological examination, and all
available clinical data, including brain CT/MRI and autopsy find-
ings. Stroke was classified as either ischemic or hemorrhagic.3?

Risk Factor Measurement

At the baseline examination, each participant completed a self-
administered questionnaire covering medical history, exercise, treat-
ment for hypertension or diabetes, smoking habits, and alcohol
intake. The questionnaire was checked by trained interviewers at the
screening. The subjects engaging in sports or other forms of exertion
=3 times a week during their leisure time made up a regular exercise
group. Smoking habits and alcohol intake were classified into
currently habitual or not.

Blood pressure was measured 3 times using a standard mercury
sphygmomanometer in the sitting position after rest for at least 5
minutes. The mean of the 3 measurements was used for the analysis.
Hypertension was defined as blood pressure =140/90 mm Hg and/or
current use of antihypertensive agents. The waist circumference was
measured at the umbilical level in a standing position by a trained
staff member. Body height and weight were measured in light
clothing without shoes and the body mass index (kg/m®) was
calculated. Electrocardiographic abnormalities were defined as left
veniricular hypertrophy (Mianesota code, 3 to 1) and/or ST depres-
sion (Minnesota code, 4 to 1, 2, or 3).

Blood samples were collected from an antecubital vein after an
overnight fast for the determination of lipids and blood glucose
levels. Serum total cholesterol, triglycerides, and high-density h-
poprotein cholesterol concentrations were determined enzymatically.
Fasting blood glucose levels were measured by the glucose oxidase
method. Diabetes was defined as fasting blood glucose =126 mg/dL
(7.0 mmoV/L) and/or current use of insulin or oral medication for
diabetes. Fresh voided urine samples were collected at the examina-
tion and proteinuria was defined as | + or more using a reagent strip.

* Definition of Metabolic Syndrome

MetS was defined by using criteria recommended in the NCEP Adult
Treatment Panel HI guideline’ with a modification. Specifically,
abdominal obesity was defined as a waist circumfercace >90 cm in
men and >80 cm in women according to International Obesity Task
Force central obesity criteria for Asia.3? Elevated blood pressure was
defined as average systolic/diastolic blood pressures of =130/
85 mm Hg and/or current use of antihypertensive medicine. Hyper-
triglyceridemia was defined as serum triglycerides of =1.69 mmol/L. Low
high-density lipoprotein cholesterol was defined as serumn high-density
lipoprotein cholesterol levels of <103 mmolL in men and of
<1.29 mmoVL in women. Elevated blood glucase level was defined as
fasting blood ghucose of =6.10 mmol/L and/or current use of insulin or oral
medication for diabetes. MetS was defined as the presence of 3 or more of
these components.

Statistical Analysis

The SAS software package (SAS Institute, Inc, Cary, NC) was used
to perform all statistical analyses. Serum triglycerides were trans-
formed into logarithms to improve the skewed distribution. The
statistical significance of differences in mean values of continuous
variables and frequencies of categorical variables was examined
using the Student 7 test and x* test as appropriate. The incidences
were calculated by the person-year method. Differences in inci-
dences between MetS status were tested by the Cox proportional
hazards regression analysis after adjustment for age. The age- or
multivariate-adjusted hazard ratios (HRs) and 95% Cls were also
estimated with the use of the Cox proportional hazards model.
P<0.05 was considered statistically significant in all analyses.

Results

The overall prevalence of MetS at baseline was 25.9%. The baseline
characteristics on the basis of sex and MetS are shown in Table 1.
Men with MetS had significantly higher mean values of blood
pressures, waist circumference, body mass index, fasting blood
glucose, and serum triglycerides and lower mean values of serum
high-density lipoprotein cholesterol compared with those without
MetS. Moreover, the frequencies of antihypertensive medication,
hypertension, proteinuria, diabetes, and alcobol intake were higher
in men with MetS than in those without MetS. A similar distribution
was observed in women with MetS in terms of the previously
mentioned variables except for alcohol intake. In addiGon, women
with Mets were significantly older and had higher serum total
cholesterol compared with those without MetS.

During the 14-year follow up, 307 first-ever CVD events (158
men and 149 women) occurred. Of these, there were 125 CHD (78
men and 47 women) and 209 stroke cvents (94 men and 115
women). The age-adjusted incidences of CVD were significantly
higher in subjects with MetS compared with those without MetS for
both sexes (men: 21.8 versus 11.6 per 1000 person-years, P<0.01;
women: 12.9 versus 6.5, P<<0.01) (Table 2). The same was true for
CHD incidence in both sexes (men: 92 versus 3.7, P<<0.01,
women: 5.1 versus 1.5, P<0.01) and for stroke in men (14.1 versus
6.4, P<0.01). When we divided strokes into ischemic and hemor-
thagic type, the age-adjusted incidences of ischemic stroke were
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TABLE 1. Clinical Characteristics of Study Population in 1988

Men Women

. MetS (—) MetS (+) MetS (-) MetS (+)
Variables N=834) N=216) (N=883) WN=419)
Age, years 58+11 5811 571 62101
Systalic blood pressure, mm Hg 132+20 145+ 181 126+19 145+19%
Diastolic blood pressure, mm Hg 79+11 8710t 7410 8111t
Antihypertensive medication, % 1.8 213t 9.0 29.61
Hyperiension, % 374 7041 24.0 67.51
Proteinuria, % 7.0 11.6* 3.0 6.9t
Etectrocardiogram abnormalities, % 18.7 19.7 125 14.6
Waist circumference, cm 80.3+7.6 88.7+-6.9t 78.1+9.2 88.2+84"
Body mass index, kg/m? 22.3+28 25.0+2.6t 221*29 249+3.1%
Fasting blood glucose, mmol/L 5714 6.7x1.7¢ 55x1.0 6.3x1.7%
Diabetes, % 6.7 29.2t1 30 17.71
Serum total cholesterol, mmol/L 5.09+1.06 519+1.14 5.47+1.05 5.78+1.09t
Serum triglycerides, mmol/i 1.13(0.43-2.95) 2.46 (0.83-7.32)t 0.90(0.44-1.86) 1.58 (0.61-4.10)t
Serum high-density lipoprotein cholesterol, mmol/L 1.31x0.29 1.06+0.27t 1.42+Q.28 1.14x0.22¢
Smoking habits, % 51.6 45.8 6.2 79
Alcohol intake, % 59.5 69.4% 8.6 9.8
Regular exercise, % 12.2 88 9.2 93

Values are mean*SD or percentage.

Electrocardingram abnamalities are defined as left ventricutar hypertraphy (Minnesota code, 3—1) and/or ST depresston (Minnesota code, 4-1,
2,3

Geometric mean values and 95% Cls of serum triglycerides are shown attributable to the skewed distribution.

*P<0.05, 1P<0.01 vs MetS (-).

HOU indicates high-density lipoprotein.

significantly higher in subjects with MetS than in those without Age- and multivariate-adjusted hazard ratios of MetS for

MetS for both sexes (men: 9.0 versus 4.8, P=0.03; women: 6.2 the development of CVD were estimated for both sexes
versus 34, P=001). The similar tendency was observed for (Table 3). The age-adjusted analysis showed that MetS was a
hemorrhagic stroke only in men (5.1 versus 1.6, =0.01). significant risk factor for CVD in men and women. These

TABLE 2, Age-Adjusted Incidence Rates of CVD, CHD, and Stroke According to MetS Status in 2452
Subjects During a 14-Year Follow Up by Sex

Men Women

Person-Years No. of  Age-Adjusted Person-Years No. of  Age-Adjusted
at Risk Events Incidence Rate P Value at Risk Evenls Incidence Rate P Value

Cardiovascular disease

MetS (—) 9958 108 11.6 12759 78 6.5

MetS (+) 2416 50 21.8 <0.01 5078 4! 12.9 <0.01
Coronary heart disease

MetS (-) 10213 53 57 13010 17 15

MetS (+) 2533 25 9.2 <0.01 5279 30 5.1 <0.01
Stroke

MeiS (-) 10 099 63 6.4 To12817 65 53

MetS (+) 2477 k)| 14.1 <0.01 5122 50 8.8 ' 0.06
Ischemic stroke

MetS {(—) 10099 46 48 12817 40 34

MetS (+) 2477 20 9.0 0.03 5122 39 6.2 0.01
Hemorrhagic stroke

MetS (-} 10099 17 1.6 12817 25 2.0

MetS (+) 2477 1 5.1 0.01 5122 1 2.6 0.72
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TABLE 3. Age- or Multivariate-Adjusted HRs for Development of GVD, GHD, or Stroke According to MetS Status in 2452 Subjects During a

July 2007

14-Year Follow Up by Sex
Men Women
Age-Adjusted Multivariate-Adjusted” Age-Adjusted Muitivariate-Adjusted™
HR {95% Cl) Pvalue HR {95% CI) Pvalue HR (35% Cl)  PValee HR (95% Cl) P Value

Cardiovascular disease

MetS (-) 1.00  (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

MetS (+) 193 (1.38-270) <001 1.8 (1.32-262) <001 168 (1.22-233) <001 170 (1.22-2.36) <001
Coronary heart disease

MetS (—) 1.00  (reference) 1.00  (reference) 1.00  (reference) 1.00 (reference)

MetS (+) 185 (1.21-313) <000 194 (1.19-317) <00t 311 (1.71-565 <001 286 (1.56-5.24) <0.01
Stroke

MetS (—) 1.00  (reference) 1.00  (reference) 1.00  ({reference) 1.00 (reference)

MetS {+) 204 (1.33-3.14 <001 192 (1.23-298) <0.01 143 (0.99-2.08) 006 150 (1.03-2.19) 0.03
Ischemic stroke

MetS (—) 1.00  (reference) 1.00 (reference} 1.00  (reference) 1.00 (reference)

MetS {+) 1.80 (1.07-3.09) 0.03 168 (0.98-2.89) 006 177 (1.14-2.76) 0.01 178 (1.13-279) 0.01
Hemorrhagic stroke

MetS (~) 1.00 {reference) 1.00  ({reference) 1.00  (reference) 1.00  (reference)

MetS (+) 267 (1.25-5.69) 0.01 254 (1.18-5.49) 002 088 (0.43-1.80) 072 099 (0.48-2.05) 0.91

*Adjusted for age, proteinuria, electrocardiogram abnormalities, serum total cholesterol, smoking habits, alcohol intake, and regular exercise.

relationships remained substantially unchanged even after
adjustment for the following confounding factors: age, pro-
teinuria, electrocardiographic abnormalities, serum total cho-
lesterol, smoking habits, alcohol intake, and regular exercise.
Furthermore, MetS was found to be an independent risk
factor for the development of CHD and stroke after adjust-
ment for the confounding factors in men and women. When
strokes were divided into ischemic and hemorrhagic type,
multivariate-adjusted HR of MetS for ischemic stroke was
marginally higher in men and significantly higher in women,
whereas MetS is an independent risk factor for hemorrhagic
stroke only in men.

The age- and sex-adjusted cumnulative incidences of CVD, CHD,
and stroke according to the number of MetS components are shown
in the Figure. Because the cumulative incidence curves for one and
2 components overlapped, we combined these cornponents. The
incidences of CVD, CHD, and stroke were significantly higher
among the subjects with 3 or more MetS components compared
with those without any MetS component. A significant graded
relationship between the number of components of MetS and the
HR for developing CVD was identified from 3 MetS components
and onward (Table 4). Compared with individuals with no MetS
component, individuals with one, 2, 3, and 4 or more components
had gradually increased HRs, respectively, for developing CVD
after adjusting the confounding factors. A similar relationship was
found when CVD was divided into CHD and stroke.

Because hypertension and diabetes are strong risk factors for
CVD, we examined the combined as well as separate effects of
MetS and hypertension or diabetes on the development of CVD. As
shown in Table 5, the age- and sex-adjusted HR of CVD was
significantly higher in normotensive subjects with MetS, hyperten-
sive subjects without MetS, and hypertensive subjects with MetS
compared with those without hypertension and MetS. Furthermore,

there was a significant excess risk of CVD in hypertensives with
MetS than in those without MetS. Similarly, the age- and sex-
adjusted HR of CVD was significantly higher in nondiabetic
subjects with MetS and diabetic subjects with MetS compared with
those without diabetes and MetS. However, no significant differ-
ence was found in the risk of CVD in diabetic subjects without
MetS. Among diabetic subjects, the risk of CVD was significantly
higher in subjects with MetS than in those without MetS. These
relationships remained substantially unchanged even after adjusting
for the confounding factors. Furthermore, we examined the associ-
ation of MetS with CVD by the multivariate analysis using
hypertension and diabetes in addition to the previously mentioned
risk factors as confounding factors. As a result, MetS remained a
significantly independent risk factor for the development of CVD
(HR, 1.38; 95% CI, 1.07 to 1.78, P=0.01). The risks of other risk
factors were as follows: age (HR, 2.00 [per increment of 10 years];
95% CI, 1.79 to 226, P<0.01), male sex (1.45; 1.07 to 1.97,
P=0.02), hypertension (1.64; 1.26 to 2.12, P<0.01), diabetes (1.55;
1.14 to 2.13, P<0.01), smoking habits (1.69; 1.28 t0 2.23, P<0.01),
regular exercise (0.58; 0.39 t0 0.87, P<<0.01), proteinuria (1.64; 1.13
to 2.38, P<0.01), electrocardiographic abnormalities (1.29; 0.98 to
1.69, P=0.07), serum total cholesterol (0.99 [per increment of
1 mmol/L]; 0.89 to 1.11, P=0.92), and alcohol intake (0.97; 0.73 w0
1.30, P=0.84).

Discussion
To our knowledge, our study is the first prospective cohort
study of a general Japanese population with a long duration of
follow up reporting the association of MetS with incident
CVD using the modified NCEP definition. The sole study
from Japan, which examined a similar association, was based
on a diabetic population.?” We found a clearly increased
incidence of CVD during 14 years of follow up in both men
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and women with MetS compared with those without MetS.
Besides, the risk of MetS for the development of CVD
remained significant even after adjustment for hypertension,
diabetes, and other potentially confounding factors.

In our study, subjects with MetS had little over 70% increases in
CVD risk compared with those without MetS. Similar or higher
HRs (1.4- to 5.0-fold) of MetS for CVD/CHD were reported from
different Euraopean and American studies.”>-25 Differences in the
study populations, prevalence of individual components of MetS,
follow-up length, and MetS definition used seem to be the main
causes behind the varation in the HRs. In our study, CHD risk
related to MetS is higher in women than in men, which is consistent
with the studies from the Western world."?

Our study showed that the risk of incident combined CVD), and
CHD and stroke separately, was found to increase with the number
of components of MetS and increased by 3-fold or more in those
with 4 or more MetS components compared with those without any
component It also revealed that the risk of CVD increased in
incremental fashion with the number of components of MetS and
became predictive of CVD (also CHD and stroke separately) when
the number of components reached 3. This phenomenon gives
credence to the requirement of =3 components in the NCEP
definiton for establishing the diagnosis of MetS. Thereby, it can be
assumed that the modified NCEP definition of MetS is well
predictive for CVD in the gencral Japanese population.

Metabolic Syndrome and Cardiovascular Disease 2067

One prospective study based on a Japanese diabetic population
mentioned that MetS based on the NCEP definition was predictive
for CVD in men and was not in women.Z’ The same authors again
reported that the new Intemational Diabetes Federation definition®4
was not predictive for CVD in either male or female patients with
diabetes.?s On the other hand, in our study, MetS based on the
NCEP definition was consistently predictive of CVD not only in
both men and women, but also in subjects with diabetes. We
speculate that this discrepancy resulted from the difference in the
cutoff point of the waist circumference between the 2 studies. The
former used the waist circumference definition for abdominal
obesity proposed by the Japan Society for the Study of Obesity (85
cm for men and 90 cm for women),* whereas in our study, we used
the waist circumference definition for Asian populations (90 cm for
men and 80 cm for women), which was recommend by the
International Diabetes Federation to use for the Japanese popula-
tion:3” Further research is needed to refine the MetS definition,
which would be applicable to various populations, including
Japanese.

There was a possibility that the increased risk of MetS for CVD
resulted from the influences of hypertension or diabetes, which are
components of MetS and major risk factors for developing CVD.
However, our stratified analysis showed that the MetS was a
significant risk factor for CVD in normotensive subjects as well as
in nondiabetic individuals and has a similar risk for CVD as
hypertension; the risk is even higher than that of diabetes. More-
over, in the multivariate analysis, MetS was found to be a significant
tisk factor for CVD independent of hypertension, diabetes, and
other confounding risk factors. These results imply the significant
roles of MetS in the development of CVD and the need for
prevention and early management of the MetS components. In
addition, diabetes is not predictive of CVD in subjects without MetS
in our study. This finding might suggest that good diabetic control
is useful. However, because the number of our diabetic subjects
without MetS is small, further studies are necessary to elucidate this
issue in detail.

The strengths of our study include its longitudinal
population-based study design, long duration of follow up,
sufficient number of CVD events and almost perfect
follow up of subjects, examining the data in men and
women separately, and exclusion of patients with CVD at
baseline. Moreover, it is the first study to examine pro-
spectively CVD in relation to MetS based on a general
Japanese population. One limitation of our study is that the
diagnosis of MetS was based on a single measurement of
its components at baseline as was the case in other
epidemiological studies.!3-25:2-2% During the follow up,
risk factor levels could be changed attributable to modifi-
cation of lifestyle or medication, and misclassification of
the MetS is possible. Thus, it would weaken the associa-
tion found in this study, biasing the results toward the null
hypothesis. Therefore, the true association may be stronger
than that shown in our findings.

In conclusion, we have shown that the prevalence of MetS is
sizeable in Japanese middle-aged men -and women and it is
predictive of future CVD in both sexes based on a prospective study
with 14 years of follow up. Our findings suggest that early
identification of MetS and appropriate behavioral and therapeutic
intervention may reduce the burden of CVD in the long fun.
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TABLE 4. Age- or Multivariate-Adjusted HRs for Development of CVD, CHD, and Stroke According to the
Number of the MetS Camponents in 2452 Subjects During a 14-Year Follow Up

Age- and Sex-Adjusted Multivariate-Adjusted*
Population  No. of
at Risk Events HR (95% Ci) P Value HR {95% Ci) P Value
Cardiovascular disease
No. of MetS components
0 436 30 1.00 (reference) 1.00 (reference)
1 756 84 149  (0.98-2.26) 0.06 145  (0.895-2.20) 0.08
2 625 72 1.47 (0.96-2.26) .08 1.39 (0.91-2.15) 0.15
3 394 65 2.12 (1.37-3.28) <0.01 1.95 (1.25-3.04) <0.01
=4 241 56 3.19 (2.03~5.02) <0.01 2.99 (1.89-4.73) <0.01
Coronary heart disease
No. of MetS components )
0 436 13 1.00 (reference) 1.00 (reference)
1 756 35 141 (0.75-2.67) 0.29 1.38 (0.72-2.62) 0.33
2 625 22 1.05  (0.53-2.09) 089 095  (0.47-1.90) 0.88
3 394 32 2.55 (1.33-4.89) <0.01 2.29 (1.184.47) 0.01
=4 241 23 3.36 (1.68-6.72) <0.01 2.96 (1.45-6.01) <0.01
Stroke
No. of MetS components
1} 436 20 1.00 (reference) 1.00 (reference)
1 756 58 152 (0.91-2.53) 0.1 148  (0.89-2.47) 0.14
2 625 50 1.50 (0.89-2.53) 0.13 1.45  (0.86-2.46) 0.16
3 394 41 1.89 (1.10-3.25) 0.02 1.78 (1.03-3.09) 0.04
=4 241 40 3.18 (1.83-5.46) <0.01 3.05 (1.75-5.31) <0.01

*Adjusted for age, sex, proteinuria, e|edrocardiogram abnormalities, serum total cholesterol, smoking habits, alcohol intake, and

regular exercise.
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TABLE 5. Age- and Sex-Adjusted or Multivariate-Adjusted HRs of the MetS for Development
of CVD According to the Presence or Absence of Hypertension or Diabetes in 2452 Subjects
During a 14-Year Follow Up

Age- and
Sex-Adjusted Muitivariate-Adjusted®
Popufation at Risk  No. of Events HR (95% CI) HR {95% Ci)
Hypertension
HT (—)+MetS (-) 1269 89 1.00 (reference) 1.00 {reference)
HT (—)+MetS (+) 200 25 179 (1.14-2.79)" 175  (1.12-275"
HT (+)+MetS (—) 548 97 181 (1.35-2.43)} 175 (1.29-2.37)1
HT (+)+MetS (+) 435 96 259 (1.93-348tt 245 (1.81-3.321%
Diabetes
DM (—)+MetS {—) 1732 17 1.00 (reference) 1.00 {reference)
OM (—)+MetS (+) 498 84 160 (1.23-2.09f 154  (1.17-2.02)t
DM (+)+MetS (-) 85 15 135 (0.80-2.30) 138 (0.81-2.34)
DM {+)+MetS {+) 137 37 275 (1.93-393)it 260 (1.81-3.74)t%

*Adjusted for age, sex, proteinuria, electracardiogram abnormalities, serum total cholesteral, smaking habits,
alcohol intake, and regular exercise.
“P<0.05, 1P<0.0t vs reference.

£P<0.05 vs HT{+)+MetS {~) or DM (+)+MetS (-).

HT indicates hypertension; DM, diabetes mellitus.
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Abstract

DOI, YASUFUMI, MICHIAKI KUBO, KOIJI
YONEMOTO, TOSHIHARU NINOMIYA, MASANORI
IWASE, YUMIHIRO TANIZAKI, KENTARO SHIKATA,
MITSUO IIDA, AND YUTAKA KIYOHARA. Liver
enzymes as a predictor for incident diabetes in a Japanese
population: the Hisayama Study. Obesity. 2007;15:
1841-1850.

Objective: We studicd the relationship between liver en-
zymes and the development of diabetes in a general Japa-
nese population.

Research Methods and Procedures: A tolal of 1804 non-
diabetic subjects 40 10 79 years of age were followed-up
prospectively for a mean of 9.0 years.

Results: During the follow-up, 135 subjects developed di-
abetes. In both sexes, the age-adjusted cumulative incidence
of diabetes increased significantly with elevating quartiles
of serum vy-glutamyltransferase (GGT) and alanine amino-
transferase (ALT) levels. This pattern was also observed in
aspartaic aminotransferasc (AST) quartiles for men but not
for women. In multivariate analyses afler adjusting for
comprehensive risk factors and other liver enzymes, the risk
of developing diabetes was significantly higher in the high-
est GGT quartile than in the lowest quartile [odds ratio
(OR), 2.54; 95% confidence interval (CI), 1.03 to 6.26 for
men; OR, 5.73; 95% CI, 1.62 to 20.19 for women). Similar
results were observed in ALT quartiles (OR, 2.32; 95% CI,
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0.91 to0 5.92 for men; OR, 4.40; 95% CI, 1.38 to 14.06 for
women) but not in AST quartiles in either sex. Significant
positive associations of GGT and ALT with diabetes were
seen within each stratified category of risk factors, namely
fasting insulin, BMI, waist-to-hip ratio, high-sensitivity C-
reactive protein, and alcohol consumption. In receiver op-
eraling characteristic analyses, the areas under the receiver
operating characteristic curve of GGT and ALT were sig-
nificantly larger than that of AST, fasting insulin, waist-to-
hip ratio, or C-reactive protein.

Discussion: Our findings suggest that serum GGT and ALT
concentrations are strong predictors of diabetes in the gen-
eral population, independent of known risk factors.

Key words: liver, longitudinal, C-reactive protein, dia-
betes, visceral obesity

Introduction

The liver, a major site of insulin clearance, plays an
important role in maintaining normal glucose concentra-
tions during fasting and postprandially (1). Recently, sev-
eral cohort studies have shown that serum y-glutamyltrans-
ferase (GGT)! (2~6), alanine aminotransferase (ALT) (7-
9), and aspartate aminotransferase (AST) (10) levels are
predictors of diabetes. In one of these reports, a study on
Pima Indians (8) found that high serum ALT levels were a
significant risk factor for diabetes, although no clear asso-
ciation between serum GGT and diabetes was seen. On the
other hand, serum GGT levels, but not AST levels, have
been identified as an independent predictor of incident
diabetes in British men selected from lists of general prac-
tittoners (2). Moreover, the Mexico City Diabetes Study

! Nonstandard abbreviations: GGT. y-glutamyluransferase; ALT, alanine aminotransferase;
AST, aspanate aminotransferase; HS-CRP, high-sensitivity C-reactive protein; HDL-C,
high-density lipoprotein cholesterol: OR, odds ratio; CI. confidence imerval: ROC, receiver
operating characteristic.
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found that serum AST is an independent risk factor for
future diabetes in multivaniable adjustment, whereas no
association was observed between serum GGT or ALT and
the development of diabetes (10). These reports suggest that
the liver is associated with the development of diabetes;
however, to the best of our knowledge, there have been no
studies to date to determine which of these three enzymes is
the best marker for incident diabetes. Furthermore, it also
remains unknown whether liver enzyme markers are stron-
ger predictors of future diabetes than well-known risk fac-
tors for diabetes, such as adiposity, insulin resistance, and
inflammation. The purpose of this study is to examine the
effects of serum liver enzymes, i.e., GGT, ALT, and AST,
on the development of diabetes in a prospective study of a
defined Japanese population, taking into account compre-
hensive risk factors, including BMI, waist-to-hip ratio, fast-
ing insulin, and high-sensitivity C-reactive protein (HS-
CRP) levels.

Research Methods and Procedures

Study Population and Follow-up Survey

A population-based prospective study of cardiovascular
disease has been underway since 1961 in the town of
Hisayama, a suburb in the Fukuoka metropolitan area on
Kyushu Island in Japan. The age and occupational distribu-
tions of the town population were almost identical to those
of Japan as a whole from 1961 to the present based on data
from the national census. A screening survey for this study
was performed in 1988. A detailed description of this survey
has been published previously (11,12). Briefly, of all 3227
residents 40 to 79 years of age listed in the town registry,
2587 (80.2%) consented to take part in a comprehensive
assessment, including an interview covering medical history
(including diabetes, hypertension, and other chronic dis-
eases) and current medical treatment with insulin and oral
anti-diabetic agents. The baseline classification of subjects
as either having or not having diabetes was based on the
fasting criteria of the American Diabetes Association (13):
subjects with a fasting plasma glucose level of =7.0 mM or
those who were taking anti-diabetic medications were de-
fined as having diabetes. A total of 2274 subjects (963 men
and 1311 women) were enrolled in the baseline examination
after the exclusion of 1 subject for whom no blood sample
was obtained, 75 subjects who had already taken breakfast
before the examination, 233 subjects with diabetes, and 4
subjects who had died before starting our follow-up.

After the initial screening in 1988, fasting glucose levels
were again measured between 1993 and 1998. Of the 2274
subjects, 1804 (719 men and 1085 women) underwent a
follow-up examination (follow-up rate, 79.3%). We consid-
ered a subject to have developed diabetes when his/her
fasting glucose level met the above-mentioned American
Diabetes Association criteria or if the subject started taking

1842 OBESITY Vol. 15 No. 7 July 2007

anti-diabetic medication during the follow-up period. Dur-
ing this period, 135 subjects (71 men and 64 women)
developed diabetes.

Clinical Evaluation and Laboratory Measurements

Blood samples were collected afler at teast 12 hours of
fasting for the determination of serum liver enzymes,
plasma glucose, and other parameters. Serum GGT concen-
trations were measured using a modified version of the
method of Orlowski and Meister (14). Both serum ALT and
AST concentrations were determined by a kinetic ultraviolet
ray method based on the rate of reduced nicotinamide
adenine dinucleotide oxidation. Plasma glucose levels were
determined by a glucose-oxidase method, and serum insulin
levels were measured by double-antibody, solid-phase ra-
dioimmunoassay. Hemoglobin A, levels were mcasured by
high-pressure liquid chromatography. Total cholesterol,
high-density lipoprotein cholesterol (HDL-C) and triglycer-
ides were determined enzymatically. HS-CRP concentra-
tions were analyzed using a modified latex-enhanced HS-
CRP assay (Behring Diagnostics, Westwood, MA). Serum
hepatitis B surface antigen was detected by an immunopre-
cipitation method (Shino-test, Tokyo, Japan), and presence
of hepatitis C virus antibody was assessed by both particle
agglutination assay (Scrodia-HCV; Fujirebio, Tokyo, Ja-
pan) and recombinant immunoblot assay (RIBA 2.0; Ortho
Diagnostic Systems, Raritan, NJ).

Blood pressure was obtained three times using a mercury
sphygmomanometer with the subject in a sitting position;
the averages of the three values were used in this analysis.
Hypertension was defined as a systolic blood pressure of
=140 mm Hg and/or a diastolic blood pressure of =90
mm Hg and/or current treatment with anti-hypertensive
agents. The height and weight of each subject were recorded
with the subject wearing light clothes but no shoes, and BMI
(kg/m®) was calculated. Abdominal girth at the umbilical
level and hip circumference at 5 cm below the spina iliaca
anterior superior were measured and used to calculate the
waist-to-hip ratio.

On baseline examination, each participant completed a
self-administered questionnaire covering medical history,
anti-hypertensive treatment, alcohol intake, and smoking
habits, and the questionnaire was checked by trained inter-
viewers at the screening. Diabetes in first- or second-degree
relatives was taken to indicate a family history of diabetes.
Subjects engaging in sports at least three times per week
during their leisure time were defined as the regular exercise
group. Alcohol intake and smoking habits were used to
classify subjects as having current habits or not.

Statistical Analysis

Because the distributions of GGT, ALT, AST, fasting
insulin, HS-CRP, and triglycerides were skewed, these van-
ables were natural log-transformed for statistical analyses.
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Table 1. Charactenstics of subjects by sex

Men (n = 719) Women (n = 1085)
Age (yrs) 5810 5810
GGT (units/L) 22 (11 to 95) 13 (8 10 35)
ALT (units/L) 14 (7 to 38) 11 (6 10 24)
AST (units/L) 22 (14 to 45) 19 (12 to 33)
Fasting plasma glucose (mM) 56 05 55*05
Hemoglobin A, (%) 55%05 54 %05
Family history of diabetes (%) 92 7.2
Fasting insulin (pM) 30.0 (18.0 to 72.0) 36.0 (18.0 to 72.0)
BMI (kg/m?) 229*29 230+ 3.1
Waist-to-hip ratio 0.92 = 0.05 0.91 = 0.07
Total cholesterol (mM) 5.07+1.03 554 £ 1.04
HDL-cholesterol (mM) 1.25 £ 0.30 1.34 = 0.29

Triglycerides (mM)

HS-CRP (mg/L)

Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Hypertension (%)

Current drinking (%)

Current smoking (%)

Regular exercise (%)

1.24 (0.57 t0 3.49)
0.49 (0.07 to 7.14)

1.02 (0.49 to 2.32)
0.36 (0.06 to 3.22)

131 %17 130 + 20
82+ 11 76 x 11
428 33.2
60.8 8.6
473 55
159 49

HDL, high-density lipoprotein; HS-CRP, high-sensitivity C-reactive protein; GGT, y-glutamyltransferase; AST, aspartate aminotransferase;
ALT. alamine aminotransferase. Variables of GGT. AST, ALT, fasting insulin. triglycerides, and CRP are median values (95% confidence
intervals). All other values are given as mean * standard deviation or as a percentage.

To analyze liver enzyme levels as categorical varjables,
these levels were divided into four groups on the basis of
quartiles by sex: GGT, men, 6 to 16, 17 to 22, 23 to 37,
and 38 to 529 U/L; GGT, women, 6 to 10, 11 to 13, 14 to
17, and 18 to 261 U/L; ALT, men, S to 10, {1 to 13, 14 10
18, and 19 to 354 U/L; ALT, women, Sto 8, 9 to 11, 12
to 14, and 15 to 153 U/L; AST, men, 8 to 17, 18 to 21, 22
to 27, and 28 to 424 U/L; AST, women, 7 to 16, 17 to 18,
19 to 22, and 23 to 273 U/L. The age-adjusted cumulative
incidences of diabetes were calculated by the direct method
using all subjects, and the resulls were compared by the
Mantel-Haenszel x* test using 10-year age-groupings. Age-
and multivariate-adjusted odds ratios (ORs) and 95% con-
fidence intervals (Cls) were calculated by logistic regres-
sion analysis. The sensitivity of cut-off points was defined
as their ability to correctly identify individuals who later
developed diabetes, and their specificity was defined as
their ability to correctly identify individuals who did not
develop diabetes. To compare the prognostic abilities of risk
factors including liver enzymes and to detect the presence or
absence of. future diabetes across a range of the values for
each risK factor, we plotted recciver operating characteristic

(ROC) curves and compared the areas under them (15,16).
The diagnostic properties of specific cut-off levels of each
risk factor were defined by maximizing the sensitivity and
specificity to identify future diabetes. A value of p < 0.05
was considered statistically significant in all analyses.

This study was conducted with the approval of the Ethics
Committee of the Faculty of Medicine, Kyushu University,
and written informed consent was obtained from all partic-
ipants.

Results

The clinical characteristics of all subjects by sex are
shown in Table 1. The mean age was S8 years for both
sexes. The mean values of GGT, ALT, AST, fasting plasma
glucose, hemoglobin A ., waist-to-hip ratio, triglycerides,
HS-CRP, systolic and diastolic blood pressures, frequency
of hypertension, alcohol intake, smoking habits, and regular
exercise were higher in men than in women, whereas
women had higher concentrations of fasting insulin, total
cholesterol, and HDL-C. The frequency of family history of
diabetes and mean BMI levels did not differ between the
sexes.
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