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strain during systole.
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Original Article

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

Yoshihiro KOKUBO", Tomonori OKAMURA", Yasunao YOSHIMASA?®
Yoshihiro MIYAMOTO, Katsuvuki KAWANISHI", Yasushi KOTANI,
Akira OKAYAMA" and Hitonobu TOMOIKE"

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 L line), who completed a baseline survey (Septemb

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 freq ies of the Jap and of the modified NCERP-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 [CI]) of CVD incidence for MetS by the modified NCEP-ATPIIl 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-ATPII 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 ber of MetS P ts, regardless
of abdominal obesity. In conclusion, the number of MetS components (modified NCEP-ATPIN criteria) may
be more strongly iated with CVD incid than the | obesity | criteria (the Japanese

criteria) in a general urban Japanese population. (Hypertens Res 2008; 31: 2027-2035)

Key Words: tabolic synd cardi lar risk factor, cohort study, general population

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

Introduction )
(CVD) 12), but most studies conducted thus far have been
Metabalic syndrome (MetS) is a clustering of impaired glu- based on Western populations, There have been several well
cosce metabolism. abdominal fat accumulaion, dyshipidemia, 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), monality (4, 5), or small sample size (4-7). In
order to properly define MetS, it is essential 1o 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,
mcluding the World Health Organization (8), the European
Group for the Study of Insulin Resistance (%), the American
Association of Clinical Endocrinologists, and the National
Cholesterol Education Program Adult Treatment Panel 111
(NCEP-ATPII) (/). However, these defimitions are amed
mainly at Western countries. The Intemnational Diabetes
Foundation (IDF) (/) and the American Heart Association
(12) have recently introduced alternative definitions that can
be applied worldwide (/0). Stroke incidence is relatively
higher in Japan than in Western countries (/3). It is uncertain
whether these criteria can be applied well to Japanese popula-
tions. A MetS defimtion 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 defimtion of Japanese MetS (14, 13)
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 arcas, where most Japanese live. Therelore,
we undertook this study to examine the impact of MetS under
the Japanese and modified NCEP-ATPII criteria on CVD
ncidence in a general urban Japanese population.

Methods

Study Population

The Suita study (/6, /7), 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 bascline, in
1989, participants between the ages of 30 and 79 were arbi-
tranly 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 eniteria: past or present CVD illness at base-
line (11=208), failure to fast for at least 10 h before venipune-
tre or missing dara (n=170), or failure to follow up afler
their baseline examination (#=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, tnglycendes, and glucose levels. Physicians or
nurses administered questionnaires covering the subjects”
personal habits and any present ilinesses. The subjects were
classified as current smokers 1f 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 silting position after at least 5
min of rest. Systohic and diastolic blood pressures (SBP and
DBP) were taken to be the average ol 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 1 em by
well-trained techmicians. 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-ATPII (/&) criteria, it was defined as the presence of
three or more of the following five components: | ) 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) (/9). 2) elevated blood pressure
(SBP/DBP = 130/85 mmllg and/or current use of antihyper-
tensive medication), 3) hypertriglyceridemia (scrum triglye-
ende levels = 1.7 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 26.1 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
=835 ¢m in men and =90 cm in women) (20) and least two of
the following three components: 1) elevated blood pressure
(SBP/DBP = 130/85 mmHg). 2) hyperlipidemia (serum (ni-
glyceride levels 21.7 mmol/L [150 mg/dL] and/or HDL lev-
els < 1.0 mmol/L [40 mg/dL]), and 3) clevated 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 endpont of the follow-up period for each participant was
whichever one of the following occurred first: 1) the date of
the first myocardial infarction (M) 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-
ATPHI Modified by Asian Obesity Definitions

Men (1=2492) Women (#= 28401

MetSi-) MeiSi+) N MaiS(=) MuS(+) "
(1=2.043) (1449 il (1=2253)  (n=587) ai
Age al buseling, years 5544133 SRA%1LS <0.001 5224136 61.3198 <0.001
Systolic blood pressure, mmHg 126£20 140£19 <0.001 120220 141420 <0.001
Diastolic blood pressure, mmHg 812 BS+11 <0.001 73%11 83+12 <0.001
Total cholesterol, mg/dL 200+34 210x35 <0001 210%38 127x38 <0.001
HDL cholesterol, mg/dL S1+13 40+10 <0001 6+ |2 45410 <0001
Trglyeende, mg/dL’ 121273 241+ 156 <0.001 90+44 1768113 <0.001
Waist ¢ircumicrence, em BLO£T.3 89.7£7.0 <0.001 747489 R7 4485 <0.001
Elevated blood pressure, % 413 BS.8 <0001 30.4 R2.1 =0.001
Hypennglycendenia, % 216 829 <0001 7.2 63.7 <0.00]
Lower-HDL cholesterol, % 15.5 .8 <0.001 18.7 RO, | <0.001
Hyperglycemia, % LR 439 =0.001 kX 29.0 <0.001
Current smoker, % 505 47.6 0.278 1.9 1.8 0.958
Current drinker, % 75.5 72.6 0,207 36 254 <0.001

Elevated blood pressurce: antihypertensive drug use or =130/85 mmHyg: hypertniglyeenidemia: antilipidemic drug use or triglyceride
=150 m/idL; lower-HDL cholesterol: HDL cholesterol <40 mg/dL. MetS, metabolic syndrome; HDL, high-density lipoprotein,
*ANOVA or g° tesis were performed. “Log-transformed wiglyceride was performed 1o statistical analysis,

Table 2. Age-Adjusted Hazard Ratios (Confidence Intervals) for Incidence of Cardiovascular Discase According to Abdominal
Obesity at Bascline Examination

Men Women
Coseom TP pR(9S%CH  p Casen O™ pR@SWCH  p
year year

Japanese cnitenia

<85 em (men) <90 em (women) 11 17112 | 96 29,960 |

=85 em (men) 290 em (women) 7 11,247 097(0.72-1.30) 0.844 33 3890 164 (1.09-246) 0019
Asian crilena

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

290 cm (men) 280 cm (women) 43 5223 118 (0.84-1.67) 0327 76 12711 LA44(1.00-207) 0048
NCEP-ATPIN eriteria

<102 em (men)/< 88 cm (women) 182 27976 I 9] 28,730 |

2102 ¢m (tmen)’ 288 cm (women) 6 384 2.00(0.88-4.54) 0.0858 kb SA21 LAT(L00-2.17) 0048

HR. hazard ratio; CI, confidence imerval

or 4) December 31, 2005 (censored). As a first-step survey to
deteet M1 and stroke incidence. each participant’s health sta-
tus was checked duning a chinical visit at the National Cardio-
vascular Center every 2 years. Furthermore, cvery year a
health questionnaire was given to cach participant via 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
Iimaging, and all were major hospitals that admined acute

stroke and M| patients. Medical records were reviewed by
registered hospital physicians or rescarch physicians who
were blinded to the baseline information, Strokes and M1
events were registered if they oceurred after the date on which
the baseline health exarmination was held and before January
1. 2006, Strokes were defined according 1o the National Sur-
vey of Stroke criteria (2/), These criteria require the rapid
onset of a constellation of neurological deficits lasting at Jeast
24 h or unuil death. For each stroke subtype (cerebral infare-
tion [thrombotic or embolic infarction], intracerebral hemor-
rhage. and subarachnoid hemorrhage). a definite diagnosis
was established based on ex ion ol computed tomo-
graphic scans, magnetic resonance images, or autopsy. Defi-
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Table 3. Age-Adjusted Hazard Ratios (95% Confidence Intervals) for Incidence of Cardiovascular Disease, Myocardial Infarc-

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

Men Women
MeiS(-) MaeSi+) p value MetS(=) MetS(+) p value
Cardiovascular discase
MetS Jupanese definttion
Cuscs, n 140 48 110 ]
Person-year 23,542 4817 32325 1,326
Age-adjusied I 1.31 (0.94-1.82) 0109 1 216(1.31-3.54) 0.002
Multivariate-adjusted | 1,34 (0.96-1.87) 0.080 | 2.2041.31-3.68) 0,003
<60 years old
Cascs, n 27 s 25 4
Person-ycar 14,752 2,366 22,085 529
Age-adjusied I 2.76(1.46-5.23) 0.002 I 5.39(1.82-1598) 0,002
Multivariate-adjusted | 2.92(1.54-5.55) 0.001 1 6.25 (2.08-18.79) 0.001
260 years old
Cascs, n 113 33 83 15
Person-ycar R, 790 2451 10,240 9a7
Agec-adjusted | 1.04 (0.70-1.53) 0.841 | 183 (1.05-3.18) 0.033
Multivariate-adjusted | 1.06(0.71-1.57) 0,764 | 180 (1L01-3.20) 0.046
MetS NCEP-ATPHI { Asian) defimtion
Cascs, m 133 55 73 36
Person-year 233713 4,986 27405 6,446
Age-adjusted | 170 (1.23-2.34) 0.001 | 193 (1.35-2.77)  =0.001
Multivariate-adjusted | 1L.75(1.27-241  <0.001 | F90(1L.31-2.77)  <0.001
<60 years old
Cascs, n ki 12 19 10
Person-year 14,509 2,606 19,872 2742
Agc-adjusted | 179 (0.91-3.52) 0.089 | 2.72(1.23-5.99) 0.013
Multivanate-adjusted | 1.94 (0.98-3.52) 0.055 | 2,96 (1.34-6.57) 0.007
=60 years old
Cases, o 103 42 54 46
Persan-ycar 8.864 2,381 7.533 3704
Age-adjusted | 167 (1.16-2.40) 0,005 I 178 (1.19-2.66) 0.005
Multivanate-adjusted ! 1.73(1.20-2.48) 0.003 | 1.70(1.12-2.59) 0012
Myocardial infarcuion
MetS Japanese definition
Cascs, n 56 22 32 7
Person-year 22962 4.663 31,697 1457
Age-adjusted I 1 45 (0.90-2.44) 0,17 | 2.36.(1.02-5.46) 0,043
Multivariate-adjusted I 1.51{0.91-2.48) 0.105 | 270(1.15-6.35) 0.023
MetS NCEP-ATPIHI (Asian) definition
Cascs, n 52 26 18 21
Personsycar 22,833 4,795 26,944 6211
Age-adjusted 1 2.09(1.30-3.37) 0.002 I 2068 (1.41-5.10) 0.003
Multivaniate-adjusted | 2.12(1,31-3.43) 0,002 | 277{1.44-532) 0.002
All strokes
MetS Japanese definition
Cascs, n 84 26 78 12
Person-year 2377 4.659 32.07% 1487
Age-adjusted 1 121 (0.78-1.89)  0.381 I 209¢112-388) 0019
Multivanate-adjusted | 1.27(0.81-1.9T) 0.292 | 2.05(1.07-3.92) 0.031
MaotS NCEP-ATPHI { Asian) definition
Cases, n 81 2 55 35
Person-vear 23,010 4,826 27,266 6,299
Age-adjusted | 1.52(099-2.34) 0053 I 1.70{1.09-2.64) nols
Multivanate-adjusted | 1.58(1.02-2.43) 0,037 | 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 M| 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 M1, 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 M1, we also
systematically searched for death cenificates, the purpose of
which were permitted to use by the Mimistry of Health,
Labour and Wellare. We checked for possible stroke and M|
using data from 1) the health examination and questionnaire
for the stroke and M1 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 M. CVD was defined as stroke and M1 in this
study. Informed consent to review in-hospital medical records
was obtained from 86.2% of participants who were suspecied
of having any signs or information suggesting the incidence
of stroke or ML For 13.8% of subjects from whom informed
consent was nol obtained. final diagnoses of CVD were con-
firmed by physicians or cpidemiologists who had been
invalved in the diagnostic process throughout the study, in
order to avoid the misclassification of diagnoses.

Statistical Analysis

Analyses of variance and ¢ tests were used 10 compare mean
values and frequencies by sex, respectively, according to
MetS based on the modified NCEP-ATPI eriteria, For cach
subject, the person-years of follow-up were caleulated from
September 1, 1989, to whichever came first: the first end-
point. Ml 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-
nesc (285 em n men or 290 cm in women). Asian (290 cm
inmen or 280 em in women), and American criteria (=102
em in men or 288 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) alter 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),
Trend tests were conducted by assigning the number of MetS
companents to test the significance of these variables, All sia-
tstical 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 comprised 130 cerehral infarc-
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tions, 31 intracercbral hemorthages, 22 subarachnoid
hemorrhages. and 17 unclassified strokes. In addition, 117
Mis were documented (61 definite Mls and 56 probable Mls
of sudden cardiac deaths),

Table | shows the distribution of CVD nsk factors at the
buseline according to MeiS as defined by the modified
NCEP-ATPHI eriteria. Compared with the non-MetS groups,
men and women with MetS were more likely to be older and
10 have higher frequencies of each MetS component.

Table 2 presemts the age-adjusted HRs (95% confidence
ntervals [CT]) for the incidence of CVD according to waist
circumference by the NCEP-ATPIIL, Japanese, and Asian
obesity eriteria, Regardless of the entenia set, abdominal obe-
sity was associated with CVD only in women,

Table 3 shows the association of MetS by the Japanese and
the modified NCEP-ATPII eritena with CVD incidence
according to age category and sex. Using the Japanese erite-
ria. MetS was associated only in women with the incidence of
CVD, ML, 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 criteria was
associated with CVD incidence (HR=2.92, 95% Cl: 1.54-
5.55). Using the modified NCEP-ATPIII definition, MetS
was associated with each CVD subtype in both men and
women. Multivariate adjusted HRs of CVD mcidence for
MetS based on the NCEP-ATPII criteria were 1.94 (0.98-
382) and 1.73 (1.20-2.48) in men less than or equal 1o and
over 60 years old, respectively.

Figure | shows that the frequency of MetS increased with
age for men and women based on the NCEP-ATPII (A) and
Japanese (B) cniteria, respectively. The frequency based on
the NCEP-ATPHI modified by the Asian obesity criteria
(25.1% for 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 nsk of CVD incidence increased according to the num-
ber of components combined in men and women with and
without abdominal obesity (Fig. 2). In addinon, compared
with the non-ahdominal obesity and non-component groups.
the misks 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 modified by the obe-
sity eriteria for waist circumference, When the Japanese defi-
mtion was adopted and the risk of MetS was monitored
through sequential waist circumierence changes, the cut-off
points for waist circumference. which conferred a nsk of
CVD in men and women, were 84 ¢cm and 92 cm, respec-
tively, When the definition of MetS-indicative waist circum-
ference was higher than those values, the nisk was not
statistically significant, When the NCEP-ATPI definition
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A: The NCEP-ATPIII definition
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Fig. 1. Frequencies of MetS components (A0 the NCEP-
ATPI definition; and B: the Japanese definition, modified
by the Asian waist circumference eriteria) by sex. White and
solid bars indicate men and women, respectively.

was used, the value of waist circumference did not modify the
nsk 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-
lavion, the association berween MetS and CVD was signifi-
cant when the NCEP-ATPHI (modified by the Asian criteria)
defimition was applied. MetS based on the Japanese criteria
wits associaled with CVD incidence in women, whereas in

6 -
=C= Abdominal obesity (-)
=8 Abdominal obesity (+)
[}
= 4 4
£
= 4
=
8
m 2
0 J

The number of components

Fig. 2. Mulrivariate HRs for the risks of CVD incidence
according 1o the number of components hased on the NCEP-
ATPHI definition with and withouwt abdominal obesity. White
and solid civcles indicate non-abdominal and abdominal
obesity according to the Asian obesity criteria. "p<0.05
compared 1o the reference of non-abdominal obesity and ne-
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 first 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. Sccond, 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-based. 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 populanons, 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 direet measure of CVD risk
than the rate of CVD mortality, because the time to death
[rom CVD is influenced by treatment,

Abdominal obesity induces inflammation in adiposities
123), endothelial dysfunction (24, 23). 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 MetS based on the NCEP-ATPII (A) and Japanese (B) definitions through sequential changes in
waist circumference by sex. Solid and dotted lines indicate HRs and 95% CI, respectively.

Accumulating evidence suppests that MetS increases the risk
of CVD (29). However, there has been a lack of convincing
evidence (29) that MetS is associated with CVD in Japan. Iso
er al. reported that MetS was associated with a nsk for
ischemic CVD in Japan (3), although they used BMI as well
as non-fasting blood glucose and iglyceride levels to define
MetS. Ninomiya ef al. reported that MetS was a significant
risk factor for CVD in a rural Japanese population (6). How-
cever, that study examined a rural population half the size of
that in our study. Takeuchi er al. reported that Me1S was a risk
lactor for cardiac disease in a rural cohort (7), but their data
were based on a small sample that comprised only men.
Kadota ¢r al. reported that MetS, defined by BMI and non-
fasting blood samples, was associated with CVD monality
(4).

We have shown that the components of MetS synergisti-
cally increase CVD risk, Abdominal obesity did net affect the
association between the number of MetS components and the
nsk of CVD incidence. The nsk of CVD was alsa not related

o waist circumference when the NCEP-ATPII definition
was applied (data not shown), suggesting that the combina-
tion of nsk factors per se is more important than abdominal
obesity for conferning risk.

The definition of MetS may be reconsidered on the basis of
age and sex, According 10 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 1o change their lifestyles; subjects with one or two MetS
components, even without abdominal obesity, should modify
their lifestyles.

When the waist-circumference threshholds were sequen-
tially changed in the Japancse critena 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 em 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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CVD in men, and the 93% C1 was much wider but still signif-
icant in women. Subjects with high nsks and non-abdominal
obesity with risk clustering aside from abdominal obesity will
drop out when the waist-circumference definitions are raised.

Our study has several himitations. First. the annual emigra-
tion rate (1.5%) is relatively higher than that in rural arcas,
Second. about 10%, of the subjects who underwent a baseline
examination did not respond to our guestionnaires afterward.
We found no clinical background difference between partici-
pants and non-participants, because the man demal reason
for participation in this study was not health problems. The
Irequencies of MetS according to NCEP-ATPHI modified by
Asian criteria were 19% and 21% for participants and non-
participants, respectively (¥ test p=0.09). In this study, the
main reasons for enigration included job transfer, but not
health problems,

In conclusion, the current prospective study for a general
urbun population showed that MetS, as defined by the Japa-
nese eriteria. was associated with CVD in women and middle-
aged men: a stronger association was found when the NCEP-
ATPHI definition modified by the Asian obesity criteria was
applied. The number of MetS components may be more
strongly associated with CVD incidence than the essential
waist-circumference eriteria.
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Associations of Hypertension and Its Complications
with Variations in the Xanthine Dehydrogenase Gene

Jin YANG", Kei KAMIDE", Yoshihiro KOKUBO", Shin TAKIUCHI',, Takeshi HORIO",
Tetsutaro MATAYOSHI", Hisayo YASUDA", Yoshikazu MIWA'", Masayoshi YOSHII'",

Fumiki YOSHIHARA", Satoko NAKAMURA'", Hajime NAKAHAMA",
Hitonobu TOMOIKE"", Toshiyuki MIYATA", and Yuhei KAWANO"

Hyperuricemia and oxidative stress participate in the pathophysiology of hypertension and its complica-
tions. Xanthine dehydrog (XDH) produces urate and, in its oxid isoform, ti ygen speci
Here we have studied whether or not the genetic variations in XDH could be implicated in hypertension and
its complications. By sequencing the promoter region and all exons of XDH in 48 subjects, we identified
three missense mutations (G172R, A932T, N1109T) in a heterozygous state in addition to 34 variations,
including 15 common single nucleotide polymorphisms (SNPs). The three missense mutations and eight
common SNPs (11488C>G, 37TIBTA>G, 4440BA>G, 46774G>A, 4T6B6C>T, 49245A>T, 66292C>G, and
69901A>C) were genotyped in 953 hypertensive Japanese subjects and in 1,818 subjects from a general Jap-
anese population. Four hypertensive patients with rare missense rnulations tGﬂZR or N1108T) in homozy-
gous form had severe hypertension. Multivariate logistic regr anal h d a significant
association of three SNPs with hypertension in men: 47686C>T (exon 22, odds mtio [OR]: 1.52, p=0.047) and
69901A>C (intron 31, OR: 3.14, p=0.039) in the recessive model, and 67873A>C (N1109T) (exon 31, OR: 1.84,
p=0.018) in the dominant model. After full adjustment for all confounding factors, enly one polymorphism
(69901A>C) was found to be associated with carotid att lerosis in the domi model (p=0.028). Mul-
hplz logistic regression analysis showed that one SNP (66292C>G) was significantly associated with

c kidney di (CKD: i d I <60 ml/min) in the recessive model
(p=0.0006). Our results suggest that genetic variations in XDH contribute partly to hypertension and its
complications, including ath osis and CKD. (Hypertens Res 2008; 31: 931-940)

Key Words: dehydrog gene, mi 1se mutat single poly P , hyperten-

sion, v c Yy

kidney disease (CKD). The major contrtbution 1o the etiology

Introduction

Hypertension is one of the most common and important risk

factors for stroke, coronary heart diseases (CHD), and chronic

of this disarder is proposed to come from the combined
effects of genes that modify the response of blood pressure to
environmental stresses, including diet and environmental sus-
ceptibility genes (/). This multifactoral trait increases the
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affected individuals® risks of stroke. CHD, and CKD, and 1s
one of the leading causes of morbidity and monality in adults
(2), The population-wide application of preventative mea-
sures and analyses of candidate genes to predict modifiable
risks, in addition to developing new treatments for hypenen-
sion and its complications, are thus very worthwhile (3, 4).

Xanthine oxidoreductase (XOR), best known as the rate-
limiting enzyme of the purine degradation pathway. convens
hypoxanthine to xanthine and xanthine to uric acid (UA) vie
is two interconvertible isoforms. xanthine dehydrogenase
(XDH) and xanthine oxidase (XO); in its oxidase isoform,
XOR produces reactive oxygen species (ROS) (5). Hyperuri-
cemia is commonly seen in hyperiensive patients (6). Several
large epidemiologic studies have identified an association
between increased serum UA levels and cardiovascular risk in
the general population (7-/0), among patients with hyperten-
ston (11, 12), between increased serum UA levels and renal
fatlure in the general population (/3. /4), and among patients
with hypertension (/5). ROS plays eritical roles in the patho-
genesis of a number of cardiovascular diseases, including ath-
crosclerosis, hypertension, diabetes mellitus, and heari failure
(/6). They have also been implicated as important mediators
of the progression of renal injury in different animal models
of hypertension (/7-20). The conversion of XDH to XO and
inereased XO activity have been reported in some pathologi-
cal conditions, including hypertension (2/-23) and athero-
sclerosis (24). Imporantly, wreaiments with XO inhibitors
were recently reported to normalize ROS levels in microves-
sels from rats fed a high-salt diet (25) and to promote endo-
thehal-dependent relaxation in arteries from SHR (26). These
findings suggest that XO is an important source of ROS in
patients with hypertension. Therefore, the XDH gene is sus-
pected 10 be associated with constitutional susceptibility 1o
hypertension and its complications.

So far, there are no reports about the relation between vari-
ations i human XDH gene (X2H) and hypertension and its
complications. Human XD/, located on chromosome 2 at

23.1 (27), consists of 36 exons that encode a 1,333-amino
acid protein. The aim of the present study was to screen ot
possible genetic variations in the promoter and all exon
regions of XDH in 48 patients with hypertension. By genotyp-
ing the missense mutations and common single nucleotide
polymorphisms (SNPs) in a large hypertensive population

and the general population, we further assessed the role of

these genetic variations in hypertension and clarified the con-
tributions of common SNPs to hyperiension and its complica-
tions, including atherosclerosis and CKD

Methods

Hypertensive Population

The charactenstics of the hypertensive population analyzed in
the present study are summarnized in Table 1. A 1otal of 953
hypertensive subjects (522 men and 431 woman. average age:

Fable 1. Characteristics of Patients with Hypertension

Number 953
Age, years 65. 1105
Gender (male/female) 522431
Body mass index, kg/m 242433
Systolic blood pressure, mmHg 145.5£19.2
Diastolic blood pressure, mmHe B4 Re134
Essentinl hypertension 880
Sceondary hypertension 72
Renal hypertension 36
Renovascular hypertension 23
Primary aldostcronism 1
Hypothyroid-induced hypenension 2
Ischemie heart discase 102
Stroke 145

Values are expressed as mean+ 5D,

65,1210,5 vears old) were recruited from the Division of
Hypertension and Nephrology at the National Cardiovascular
Center, as reported previously (28, 29). Briefly. 92% of study
subjects (8RO subjects) were diagnosed with essential hyper-
tension. und the rest had secondary hypertension. The hyper-
tension eriteria were a systolic blood pressure (SBP) above
140 mmHg and/or a diastolic blood pressure (DBP) above 90
mmilg, or the use of antihypertensive agents. Hyperlipidemia
was defined by a total cholesterol level 2220 mg/dL or the
taking of antihyperlipidemia medication. Diabetes mellitus
was defined by a fasting plasma glucose level 2126 mg/dL,
nonfasting plasma glucose 2200 mg/dL, HbATc 26.5%, or
the taking of antidiabetic medication. Smoking was defined
as current smoking, Total cholesterol. mgh-density lipopro-
tein (HDL) cholesterol, triglyceride. and low-density lipopro-
tein (LDL) cholesterol levels were measured as previously
described (30). Study subjects underwent routine laboratory
tests, including examinations of electrolytes, renal function,
blood glucose. HbAle, plasma renin activity (PRA). and
plasma aldesterone concentration (PAC) by radioimmunoas-
say.

Evaluation of Atherosclerosis and CKD in the
Hypertensive Population

Carotid ultrasonography was used 1o measure mean infima-
medial thickness (IMT) using ultrasonography (SSA-390A;
Toshiba, Tokvo, Japan) as previously descnbed (3/). IMT
above 1.0 mm in cither the left or right common carotid artery
defined with the presence of an atherosclerotic lesion, We
also assessed artenal stiffness using brachial-ankle-pulse
wave veloeity (ba-PWV) measured by form ABI (Omron
Health Care, Kyoto, Japan) as described in a previous report
(32). Estimated creatinine clearance (Cer) determined with
the Cockeroft-Guult formula (33) was used for the evaluation
of CKD. We defined CKD as Cer <60 mL/min according to
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the guidelines of the National Kidney Foundation (34).

Screening of Genetic Variations in XDH

We sequenced the promoter region and all exons of XDH in
48 randomly chosen patients with hypertension. Blood sam-
ples were obtained from all hypertensive patients. and
genomic DNA was isolated from peripheral blood leukocyies
using an NA-3000 nucleic acid isolation system (Kurabo,
Osaka, Japan) (33). All exons with their flanking sequences
and | kb of the promoter region were directly sequenced with
an ABI PRISM 3700 DNA analyzer (Applied Biosystems,
Foster City, USA) as described previously (36) using 38 scts
of primers. Information on the pnmers and PCR conditions 1s
available on request, The sequences obtained were examined
for the presence of variations using Sequencher software
(Gene Codes, Ann Arbor, USA), followed by visual inspec-
tion.

Genotyping of Missense Mutations and Common
SNPs in Hypertensive Subjects and the General
Population

Three missense mutations and eight common SNPs with a
minor allelic frequency of greater than 10% were genotyped
in 953 hypertensive patients and in 1818 subjects (835 men
and 983 women) participating in the Suita Study. We chose
Just one common SNP for genotyping among SNPs that show
strong linkage disequilibrium (LD) with an »* above 0.5, The
sample selection and study design of the Suita Study were
deseribed previously (37). Brefly, the subjects visited the
National Cardiovascular Center every 2 years for general
health checkups. In addition to a routine blood examination
that included lipid profiles, glucose levels, blood pressure.
and anthropometric measuremenis, a physician or nurse
admimstered questionnaires covening the subject’s personal
history of cardiovascular discases, including angina pectoris,
myocardial infarction, and/or stroke, Nondrinkers were those
who had had no drink in the past month. Current drinkers
were those who were drinking at least 30 mL of ethanol per
day, and past drinkers were those who used to drink that much
in the past but not in the present. Subjects were regarded as
having a disease if they were currently taking antihyperten-
stve, antihyperlipidemie, or antdiabetic medication. Seven-
hundred and ninety-five subjects were diagnosed as having
hypertension. All of the participants were Japanese, The char-
acteristics of the subjects i the Suita Study are summarized
in Table 2.

The TagMan-PCR (Roche Molecular Systems, Pleasanton,
USA) method was used for genotyping (35). The sequences
of PCR primers and probes for the TagMan-PCR method are
available on request. All of the participants in the genetic
analysis in the present study gave their written informed con-
sent. All elimcal data, as well as the results of sequencing and

Table 2. Baseline Characteristics of Subjects in Suita Study

Women Men

(n=983) (n=825)
Agc, yoars 63.3+11.0 663%11.1%
Systolic blood pressure, mmHg  128.0£19.7  131.8219.4%
Dhastolic blood pressure, mmHg 765298 79.7£10.7%
Body mass index, kg 22.3+3:2 233139+

215.61£30.6° 197.9+303
6452153 55.0+14.1

Total cholesterol, mg/'dL
HDL-cholesicrol, mg/'dL

Current smokers, "u 6.3 30,2+
Current drinkers, % 29.6 67.2"
Present illness, %
Hyperension 380 47.3*
Hyperlipidemia 544 27.8
Diabetes mellitus 52 12.8*

*p<0.05 vs. women or men. HDL, high-density lipoprotein.

genotyping, were anonymous, The study  protocol  was
approved by the Ethies Review Committee of the National
Cardiovascular Center, Japan,

Statistical Analysis

Values are expressed as means£SD. The distribution of
patient characteristics between men and women in the general
population and in the hypertensive population was analyzed
with Student’s /-test or ¥* analysis.

The associations of genetic models with blood pressures
were tested with a logistic regression analysis considering
potential confounding risk variables, including age, body
mass index (BM1), present illness (hyperlipidemia and diabe-
tes mellitus), lifestyle (current smoking and drinking). and
antihypertensive medication by sex. For multivanate nsk pre-
dictors. the adjusied odds ratios (ORs) were given with 95%
confidence intervals. The relationship between genotype and
risk of hypertension was expressed in terms of ORs adjusted
for possible confounding (actors, including age, BMI, presem
illness (hyperlipidemia and diabetes mellitus), and lifestyle
(current smoking and drinking) by sex. The relationship
between genotype and risk of atherosclerosis or CKD in
hypertensive patients was expressed in terms of ORs adjusted
lor possible confounding factors, ncluding age. sex, BMI.
LDL cholesterol, HbAlc, SBP, and DBP for atherosclerosis;
and age, BM1, SBP. DBP, and diabetes mellitus for CKD. For
cach pair of SNPs, the pairwise LD parameters. D and »°.
were calculaled on the basis of the genoiyping data using
SNPAlyze version 3.1 Pro (Dynacom. Mobara, Japan), All
analyses were performed with SAS  statistical  software
release 8.2 (SAS Institute, Cary, USA) or JIMP statistical soft-
ware version 4.0 (SAS Institute). Statistical significance was
established at p<0.05.
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Pable 3. Sequence Variations in the Promoter Region and ANl Exons in XDH Identified in 48 Japanese Patients with Hyperten-

sion and/or Renal Failure

SNP Amino acid ; Allele frequency . _ ) ) .
(allcle 1>allele 2) L2 substitution Region Allele | Allele 2 i 2 Qevolyvii
RIRTC>T i imron2 0979 0.021  gagteggagtgalc't|pgapaappupgy
11431G=T a intron2 0 968 0032 geceacagetet] gt jeccaggentie
1 1488C>G b.¢ intron2 0,862 0,138 cagactectetelc/gletgagticatic done
26245G=A mironé 0.958 0,042 pecageeaggat[giajecectgcigig
26390G=A b.c.d Gly 1 72Are exon? 0.906 0,094 ggmgeigipes| gajagatpgeaata done
20479T>A intron7  (.958 (042 gecrggeggian|vajoigagaciags
26504C>T (4 intron?  (L625 0375 pyapicagipeale/t|gagetccalgic
26832G>A b.c.d Glu209Glu exons 0915 (LOBS  tecancecageal galcccatttitcee
28272G>A imron®  0.989 D011 gecagggagect|galecctggppctpc
IOR6IC=T e.d Val279Val exonld 0936 0064 tectatgatigt]c/t)tgeccagectpg
31503G=T mtronl0  0.989 0011 gganecgase| g/ igesttcecagy
340360G=A inronl3 0917 0.083  mctecceatg|p/ajppggneccage
ITIRTA=G fp imronl4  (0L1KI 0819 geageccet[a’gjcagagcangprg done
IVEA=G h mtronls 0,604 0396 ceegepescac]a/g|getctacacaan
HHRAG i intronl% 0875 0025 1gganaggnm|w g jcattigeatgga done
444206 A mronl9  0.990 0010 geatggottatg|g/ajecatcatceagt
464706T=C inon20 0979 0,021 actteapgrerg|Ve jatgtgaageata
46748G>C h ntron2l  0.660 0.340  geggppccetg|g/cimgcananan
467740=A [ intron2l 0,638 0362 ueaugagata|g/ajcattpaaceetg done
A76860>T h 1e7371e exon2? 0670 0330 peagmmacat| o/t Jegiggecaagay done
47804G=A intron22 - D989 DOTT acceaggtogat|gajeetttigggica
47RTIA>G [} mtron22  (.638 0362 catgtggpaaat]a g |egaagnggeaga
490960 >A | intron23  0.875 0125 gonggetcacag|p/ajenclaacactg
U45AT fog) intron24 0,125 0875 wppgcppgatga’ jgocangtpga done
SO0298C=T gJ mtron24 0,146 0854 accumncaleljgggatgaigiyg
S0391T>C intron24 0,917 D083 anacgggacnalvegatanateccte
HAOOHG=A Ala932Thr exonl6 0990 0010 atgagtgaagn|g ajcagrgaccigg done
650506505 1insC Kk intron27 0135 0865 1ctgetgaceec]-'cjatmaggnaget
GET4TT>C k Phe1010Phe cxon2f 0135 0865 1ggaataagent|tc)acagticettit
6629200 k mron28  0.135 0865 retggeatcent|e/gietncectagg done
67 157TA=>G k intron30 0128 0872 igtaagpagece]a/g|tgepatcccgen
HIRTIASC Asnl 109Thr cxond| 0.969 0031  aceagaagaaga|a‘c|teccagiggete done
69901 A= intron3l 0,795 0205 asucctcactie[a/clecigectpaleg done
TI3R0C=T intron34  (.Y38 0.063  agacuggecac|c/t]gatecacceeat
TARYA( =4 | intron34 0968 0032 acatccageec|waegctgeagiigp
5121G=A Glul 239Gl exonds 0989 0011 ecatccecattyal@/aincagggtgtee
TR7S0G=C | YUTR exoni7 0969 0031 1gergeetttge]g/clettecatggage

The A ol the ATG of the initiator Met codon is denoted nueleotide +1, as recommended by the Nomenclature Working Group (Hum Mut
1998; 112 1-3), The nucleotide sequence (GenBank Accession 10: NT_022184,14) was used as a reference sequence. The apparent link-
age disequilibrium (L.D), defined by #* more than 0.5, was indicated by a in the LD column. XDH, xanthine dehydrogenase genc: SNI

single nucleotide polymorphism; UTR, untranslated regmon,

Results

Identification of Genetic Variations in XDH

As shown in Table 3, we identified 3 missense mutations in
XDH. Nine of the 48 individuals had a G-to-A substitution at

nucleatide 26390 in exon 7. leading 1o an amino acid substi-
tution from Gly 1o Arg at position 172 (G172R). One individ-
ual had a G-10-A substitution at nucleatide 64606 in exon 26,
leading to a change from Ala to Thr at position 932 (A932T).
Three of the 48 individuals had an A-10-C substitution a1
nucleotide 67873 in exon 31, leading to the substitution of
Asn with Thr at position 1109 (N]1109T). These missense
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Table 4. Clinical Profiles of Four Hypertensive Patients with Two Rare Mi M in Homozygous Form in XDH
Case
| ] 3 4

SNP 26390G=A 67R73A>C 67873A=C 67873AC
{Amino acid change) (GIT2R) (NLIHET) (NTIOT) (NTIOOT)
Age, years old bl m 74 67
Sex male male female female
Body mass index, kg/m® 2101 2343 23,68 2191
Dingnosis EHT. HL EHT, HL, HU EHT EHT, HL
Hypertension duration, years 5 23 2 2
Hypertension family history mother unknown mother. brother unknown
CV complications no ne stroke no
Systolic blood pressure, mmHg 144 138 168 170
Diastalic blood pressure, mmHg 70 90 100 96
Medication ARB. BB, DU CCB, ARB, HUD CCB, ACEI ccB
Na'. mEg/L 141 141 139 139
K, mEg/L 48 318 39 4.1
C1, mEg'L 108 105 104 108
Creaunine, mg/dL | 0.8 0.5 0.6
Cer, mL/min 50.8 732 842 689
UA, me/dL 5.1 42 48 4%
Overt proteinuna yes no ne no
PRA, ng'mL'h 0.1 1.3 1.3 04
PAC, ng/dL 9.7 354 19.8 4.6
FBS, mg/dL 96 115 82 92
HbAle, % 5 5.9 4.9 57
ba-PW V. cmis 2,189 no data 1,710 1,734
Average IMT, mm 1.0 no data 0.7 1.0

XDH, xanthine dehydrogenase gene; EHT, essential hypeniension; HL, hyperhipidemia; HU, hyperuricemia, CV, cardiovascular; ARB,
angiotension 11 receptor blocker; BB, B-adrencrgic blocker; DU, diurctics: CCB, caleium channel blocker; HUD, antihyperuricemic
drug: ACEL angiotensin |1 converting enzyme inhibitor: SNP. single nucleotide polymorphism: Cer, ercatimine clearance; UA, unic acid:
PRA. plasma renin activity: PAC, plasma aldosterone conc.; FBS, fasting blood sugar; ba-PWV, brachial-ankle pulse wave veloeity:
IMT, intima-media thickness. Normal values: body mass index, between = 18.5 and <25.0 kg/m™; SBP, < 140 mmHg; DBP, <90 mmHg;
Na', 136 to 146 mEq/L; K°, 3.6 to 4.9 mEg/L. Cl', 99 to 109 mEqg/L; creatining, 0.6 1o 1.1 mg/dL; Cer, <60 mL/min; UA, 3.6-7.0 mg/
dL: PRA. 0.2 10 2.7 ng/mL'h; PAC. 210 13 ng/dL: FBS. < 126 mp/dL: HbA lc, <6.5%: ba-PWV, < 1 400 cm's; average IMT, = 1.0 mm.

mutations were all found in heterozygous form. In addition,
we identified five synonymous variations {26382G>A in
exon 8, 80868C=T in exon 10, 47686C>T in exon 22,
65747T=C in exon 28, and 75121G>A in exon 35) encoded
for E209 (minor allelic frequency, 0.085), for V279 (0.064),
for 1787 (0.33), for F1010 (0.135), and for E1239 (0.011),
respectively. Twenty-nine addinonal variations in the introns
and a 3-untranslated region were also detected. Among all
the variations, there were 15 common polymorphisms with a
minor allelic frequency of over 0.1 (11488C=G, 26504C=T,
3T73RTA>G. I9048A>G, 44408A>0G,  46T4RG>C,
467740=A, ATRT9A>0, 490960G=>A, 49245A=T,
S0298C>T, 65050-65051 ins C. 66292C>G, 67157A=G. and
69901 A=C).

Characteristics of Hypertensive Subjects with
Missense Mutations in Homozygous Form

Afler genotyping the three missense mutations in 953 patients
with hypertension, including secondary hypertension, we
found one subject with G172R and three with N1109T in
homoeygous form. The charactenstics of these four patients
with rare missense mutations in the homozygous form are
shown in Table 4. All four had resistant hypertension despite
antihvpertensive drug therapy. One of the patients with
N1109T (patiemt 2) had hyperuricemia and was taking allopu-
rinol. The patient with G172R (patient 1) and the two others
with N1109T (patients 2 and 4) had hyperlipidemia, Patients
1 and 4 had low PRA levels (0.1 and 0.4 ng/mL/h, respec-
tively) and high average IMT values (1.0 mm for both).
Patient 1 had low Cer (50.8 ml/min) and overt proteinurea.
Three of the four patients had high ba-PWV values: no data
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