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ABSTRACT

Recent studies have ‘suggested that several
systemic conditions—such as obesity,
hypertension, hyperlipidemia, and diabetes—are
related to periodontitis. The objective of this study
was to examine-.the relationship between
periodontitis and:5 components of metabolic
syndrome—abdominal obesity, triglyceride level,
high-density lipoprotein cholesterol level, blood
pressure, and fasting blood sugar level—in 584
Japanese women. In multivariate analyses, persons
exhibiting more components of metabolic

syndrome had significantly higher odds ratios for,

a greater pocket depth and clinical attachment loss
than did those with no components; the odds ratios
for a greater pocket depth and clinical attachment
loss -of the persons. exhibiting 4 or 5 components
were 6.6 (95% confidence interval = 2.6-16.4) and
4.2 (95% confidence interval =

syndrome increases risk of periodontitis, and
suggest that people exhibiting several components-
of metabolic. syndrome should be encouraged to
undergo a. penodontal examination.
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1.2-14.8), .
respectively. These results indicate that metabolic-

Relationship of Metabolic
Syndrome to Periodontal Disease
in Japanese Women:

The Hisayama Study

INTRODUCTION

besity, hypertension, impaired glucose tolerance, and abnormal lipid

metabolism have received a great deal of attention as risk factors for
arteriosclerotic diseases, including coronary artery disease. The term
‘metabolic syndrome' is commonly used to refer to a condition in which
several such components are present in an individual (Expert Panel on
Detection, Evaluation, and Treatment of High Blood ‘Cholesterol in ‘Adults,
2001). The prevalence of metabohc syndrome is increasing worldwide
(Cameron et al., 2004). Although each component of metabolic syndrome
independently increases the risk for cardiovascular disease (McGill et al.,
2002; The DECODE Study Group, 2003; Eberly et al., 2003; Masley et al.,
2006), many studies have.reported that an accumulation of these
components significantly enhances the risk of death from all causes and
cardiovascular disease (Isomaa et ol., 2001; Lakka et al., 2002).

Obesity has emerged as a risk indicator of periodontal disease (Saito et
al., 2001, 2005), and some studies have reported that individuals with
peridontitis had higher blood pressure than individuals without periodontitis
(Joss et al., 1994). Furthermore, many studies have reported that
periodontitis is more prevalent in persons with diabetes (Page et al., 1997;
Soskolne and Klinger, 2001), and that individuals with periodontitis have
abnormal lipid metabolism.(Losche et al.,, 2000; Noack et al., 2000; Katz et
al., 2002; Moeintaghavi et al., 2005). However, it is unclear whether the
accumulation of the components-of metabolic syndrome increases the risk of
periodontal disease. In this study, we examined the relationship between
periodontal disease and the components of metabolic syndrome, smgly and
in combination, through a community-based health examination-held in the
town of Hisayama, Fukuoka, Japan.

MATERIALS & METHODS

Study Population

From July to September, 1998, a total of 982 Hisayama res1dems aged 40-79 yrs
(21.6% of the total population in that age group) underwent a comprehensive
health examination that included a periodontal examination (Saito et al., 2004).
In this study, we analyzed 584 women with at least 10 teeth (Saito et al., 2005).
The Ethics Committee of the Kyushu University Faculty of Dental Science and
the Department of General Affairs and Health and Welfare of Hisayama
approved the study design, data collection methods, and procedure for obtaining
informed consent.

Oral Examination

Following the method of the Third National Health and Nutrition Examination
Survey (Brown et al., 1996), a periodontal examination was performed on
randomly selected quadrants, one maxillary and one mandibular. The

periodontal examination was carried out by one of four dentists trained to
perform a clinical examination of oral health status. The examiner reliability of

n
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Abbrewohons pocket depth {PD), clinical aﬁuchment loss (CAL).

the periodontal examination was verified by an inter-examiner
calibration of outpatients visiting Kyushu University. Dental

- hospital; the kappa value for the periodontal examination exceeded
0.8, suggesting very good inter-examiner agreement (Shimazaki ez - -

al., 2004). The pocket depth and clinical attachment loss were -
measured as periodontal parameters.at mesio-buccal and mid-
buccal sites for all of the teeth in 2 quadrants. We divided the
participants into two groups, based on mean pocket depth: < 2.0
mm (n = 484, 82.9% of all participants) and = 2.0 mm (n = 100,
17.1%). Similarly, we divided the participants into two groups
based on mean clinical attachment loss: < 3.0 mm (n = 547,
93.7%) and 2 3.0 mm (n = 37, 6.3%).

" General Examination _
Blood pressure was measured 3 consecutive times, after participants

rested for at least 5 min, by means of a standard mercury
sphygmomanometer, with the participants in the sitting position,
and the average value was used for the analysis, A blood sample
was collected from the antecubital vein the morning after an
overnight fast and analyzed for serum cholesterol, triglycerides, and
fasting plasma glucose, according to previously described methods
(Kubo et al, 1999). Trained nurses measured the participants’ waist
circumference at the level of the umbilicus, The measurement was
taken after the participants exhaled. Each participant completed a
self-administered questionnaire in advance that included a medical
history of diabetes, hypertension, smoking, and medication use; the
questionnaire was checked by trained nurses.

The National Cholesterol Education Program (NCEP)
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Table 1. Charocteristics of the Parficipants According to Periodontdl Stotus
Mean PDP Mean CAL
. Totd Paricipants {(n =584)  <2.0mm{n=484] >2.0mm{n=100} <30mm{n=547) 230mm{n=37)
Charoderistics Mean £ 5D Mean  SD Mean + SD Mean+SD - Mean £ SD
Age [yrs) 557+ 88 555+ 88 569+ 84 555+.87 593+ BS*
Mean PD {mm) 1.5+ 0.5 14+ 03 24+ 04" 15+ 04 25+ 0.6*
Mean CAL {mm) 1.9+ 07 1.7+ 046 28+ 0.6 1.8 0.6 3.4+ 04"
Woaist {em) 83.3+10.0 82.7 £ 10.1 85.8= 8.9**° 83.2+10.0 84462 98
Systolic blood pressure (mm Hg) 1274+ 208 1270+ 208 129.4 £ 20.5 1272+ 206 131.1£ 228
Diastolic blood pressure {(mm Hg) 764104 762+ 105 77.4+10.0 764104 761104
Total cholesterol (mg/dlL) 213.4£353 2137 +353 211.7 £35.1 2138+ 35.2 204.6 £ 36.3
HDL chelesterol {mg/dL) 61.2+13.7 620+13.8 57.7 £12.8** 614+ 13.5 59.3%16.3
LDL cholesterol {mg/dL); 129.4+31.8 1293+ 316 129.5+32.6 1298 £ 31:5 122.8 + 36.0
Triglyceride {mg/dL} 1M15.0£79.7 113.4 £ 82.1 + 1225+ 666 1145+ 80.5 122.6 £ 66.9
Fasting plosmo glueose (mg/dl) 982 14:4 57.2:128 102.5£20.1° - 7.6+ 13.1 1057+ 264 -
0 (%) n (%} n (%) n (%} n {%)
Smoker {current or past) 32{ 6.7} --31{-6.4} 8(8.0} 36{ 6.6} 3( 8.1}
"Medical history of hypertension' - 144 (25.0) 110 ({227} 36 (36.0)*** 133{24.3)- 13{35.1}) - -
Use of~onﬁhyperl'ensive medication 85 (14.5) -62{12.8} 23 (23.0)*- 77 {14} -8 {21.6)
Medical history of diabetes 34{ 5.8y -.25(-5.2) 9(-9.0) 29(-5.3) 5{13.5
Use of anfidiabetic agent 7{ 1.2} .60 1.2) (1.0 71 1.3) :01{.0)
Insulin therapy - 4(07) 2(0.4) - 2( 20 3{ 0.5) 1({27)
Lipid-lowering medication - 54( 9.2) 45{ 9.3) -9( 9.0 52( 9.5) 2{ 5.4)
* P<0.05.
** P<0.001.
*** p<0.01.

definition of metabolic syndrome requires the presence of 3 or
--more of 5 components: abdominal obesity (waist circumference >

88 cm), triglycerides 2 150 mg/dL, decreased: serum high-density

lipoprotein (HDL) cholesterol (< 50-mg/dL), systolic blood -

pressure = 130 mm Hg or diastolic blood pressure 2 85 mm Hg,

and fasting plasma glucose = 110 mg/dL (Expert Parel on -*
-Detection, Evaluation, and Treatment of High Blood Cholesterol in
- Adults, 2001). The participants receiving antihypertensive
- medication were counted as positive for hypertension, and those -

receiving antidiabetic medication or insulin therapy were counited
as-positive for glucose intolerance,

Statistical Analysis

Differences in mean values and proportions were evaluated by
Student's ¢ test and Pearson's chi-square test, respectively. We
performed logistic regression analyses to determine the effect of
the number of positive components of metabolic syndrome on
pocket depth and clinical attachment loss, caleulating the odds
ratio and 95% confidence interval. The statistical analysis was
performed with SPSS (version 12.0; SPSS Japan, Tokyo, Japan),

RESULTS

The overall mean pocket depth and clinical attachment loss

values were 1.5 and 1.9, respectively (Table 1). The mean
pocket depth was similar between the participants with a mean
pocket depth = 2.0 mm and those with a mean clinical
attachment loss 2 3.0. The mean clinical attachment loss in
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Table 2. Risk for PD and CAL According to Each Component of Mefabolic Syndrome
Components of Mean PD Crude OR  Adijusted ORP Mean CAL Crude OR  Adijusted ORP
Metabolic Syndrome <20mm 22.0mm (95% Cl) (95% Cl) - <30mm 230mm {95% Cl} (95% Clj
No. of Participants (%) - No. of Participants (%)
Waist {cm) =88 346 (71.5) 57 (57.0) 1 1 378(69.1}) 25(67.6) | 1 o
> 88 138{28.5) 43(43.0) 1.9{1.2-2.9)* 1.8{1.2-281** 169(30.9) 12{32.4) 1.1{0.522] 0.9 {0.4-1.9}
Blood pressure {mm Hg)
systolic < 135 and diastolic < 85 281:(58.1}) 47 {47.0) 1 ] 312{57.0) 16{43.2) 1 1 ;
systolic= 135 or diastolic 285 ° 203(41.9) 53(53.0) 1.6 {1.0-2.4)** 1.5{0.9-2.3) 235(43.0) 21(56.8) 1.7(0.9-34) 1.3{0.6-2.7)
HDL cholesterol {mg/dLl) . 250 ~ 397{82.0) 67 (67.0} 1 1 - 442(80.8) 22{59.5) - 1 1
: <50 -~ 87(180) 33(33.0) 22(1.4-3.6) 22(1.4-36)° 105(19.2) 15{40.5 2.9 {1.4-57)" 2.8{1.4-54}"
Triglyceride (mg/dl). <150  396(81.8) 74 (74.0} 1 1 445(81.4) 25(67.6) 1 1
=150 88(18.2) 26(28.0} 1.6{1.02.4) 1.5(0.9-2.4) 102{18.8) 12(32.4) 2.1(1.0-43)** 20(1.0-4.2)
Fosting plosma glucose <110 432(89.3) 78 (78.0} 1 1 481 "(87.9)' 29(78.4) 1 N
{mg/dL}) =110 52(107) 22(22.0) 2.3{1.3-4.3) 22(1.3-3.9)* 66(121)  8{21.6) 20(0.9-46]  1.7{0.7-4.0}
* P<00L. -
* P<0.05.

a  Abbrevigtions: pod(e! depth (PD), dlinical attachment loss {CAL), odds ratio [OR), conftdence |nferva| {cn.

. B Adjusted for age and smoking status.

participants with a mean ‘pocket depth = 2.0 mm was 2.8, and

- the mean clinical attachment loss in those with a mean clinical -

attachmént loss 2 3.0 mm was 3.4 (Table 1). Participants with a
mean pocket depth = 2.0 mm had a larger waist circumference,
- lower HDL cholesterol, and higher fasting plasma glucose than
those ‘with 2 mean pocket depth < 2.0 mm (Table 1). The
proportion of participants who had a history of hypertension
- and'were taking antihypertensive medication was higher in the
group with a medn pocket depth = 2.0 mm (Table 1). The
" participants with 2 mean clinical attachment loss = 3.0 mm
- were older and more likely ‘to 'have a history of diabetes than
those with a mean clinical attachment loss <3.0 mm (Table 1).

“Of the'5 components of metabolic syndrome, large waist
circumference, low HDL cholesterol level, and high fasting
plasma glucose level were associated with significantly higher
odds ratios for greater pocket depth values; the adjusted odds
ratios for these components were 1.8-(95% confidence interval,
1.2-2:8), 2:2 (95% confidence interval, 1.4-3.6), and 2.2 (95%
confidence interval, 1.3-3.9), respectively (Table 2). The
participants-with low HDL cholesterol had a higher odds ratio
(odds ratio, 2.8; 95% corfidence interval, 1.4-5.6) for a greater

“clinical attachment loss value after adjustment for age and
smokmg status (Table'2).

“The crude and adjusted odds ratios for greater pocket depth
and clinical attachment loss values in individuals exhxbltmg
multiple components of metabolic syndrome, in comparison
with those having no components, are presented in Table 3. In
those with 3 or more componets, the adjusted odds ratios for
greater pocket depth and clinical attachment loss values were
4.7 (95% confidence interval, 2:4-9.7) and 3.3 (95% confidence
interval, 1.2-8.8), respectively (Table 3). In individuals with 4
or 5 components, the odds ratios for greater pocket depth and
clinical attachment loss values were 6.6 (95% confidence

interval, 2.6-16.4) and 4.2 (1.2-14.8), respectively, after
adjustment for age, smoking status, lipid-lowering medication, .
and total cholesterol (Table 3).

DISCUSSION

In this study, we analyzed the relationship between the
components of metabolic syndrome and periodontal disease in
Japanese middle-aged and older women. We did not include .
oral health parameters such as plaque level in the analyses,
because the purpose of this study was to predict the risk of
penodontal disease from the results of the general health
examination. When we analyzed each component separately,
waist, HDL cholesterol, and fasting plasma glucose had.
sxgmﬁcant relationships with periodontal disease. If the .
participants had more of the components of metabolic
syndrome, the risk of periodontal disease tended to increase
according to the number of the components.

A large waist circumference (> 88 cm), suggestmg an’
accumulation of visceral fat, showed an independent,
significant association with a greater pocket depth, but not with
clinical attachment loss value. The present results agreed with
those of our previous study, in which body mass index, body
fat, and waist-hip ratio were used as obesity indexes (Saito ef
al., 2005), although the obesity index was not as closely related
to periodontitis in the present study. The difference may be the -
result of differences in the obesity indices and cut-off points
used in the two studies. In the present study, blood pressure did
not have a significant relationship to periodontitis in an
independent analysis. Given that many of the participants with
greater pocket depth values were taking antihypertensive
medication, 2 strong relationship between blood pressure and
periodontitis would not have been expected.
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Table 3. Risk for PD" and CAL by Accumulafion of Positive Companents of Metabslic Syndrome

Mean PD Crude OR Adjused ORP Mean CAL Crude OR . Adjusted OR®
<20mm 220mm (95% Q) {95% Q) <30mm 23.0mm {95% Q) {95% Q)
No. of Participants (%) No. of Pariicipants (%}
No.of posifive components 0 166(343) 17(17.0) 1 S 175(320)  8(21.6) 1 )
of mefubort.syndrome lor2 250(51.7) 53{53.0) 21{(1.2-37) 2.1{1.2-3.8)* 287{52.5) 16{432} 1.2(0.52.9) 1.1(0.4-2.6)
23 48(14.0) 30 (300) 43{22-83] 47(2497)" 85(15.5) 13(351) 33(1.384) 3.3(1.2-88)"
No. ofposdivecomponm!s 0 186 (34.3) 17(17.0) 1 1 175(320} 8(21.4) 1. 1
of metabolic syndrome 1 161(33.3) 33(33.0) 20(1.1-38)° 20(1.1-38)* 184(33.6} 10(270} 1.2{0531) 1.0{0.4-27)
2 89{18.4) 20(200) 22{1.1-4.4) 23(1.1-4.4)" 103(18.8) 6(162) 1.3(04-38) 1.2(0.4-3.5)
3 48( 9.9) 18(180) 37{1.87.4P 41{1.9-89) 58{10.6) 8(21.6) 30(1.1-84) 29(1.0-8.4)
dor§S  20( 41) 12{120] 59(24-140)*" 6.6(2.6164)" 27(4.9) 5(135) 4.1{1.2133) 4.2(1.2-148)°
t P<005..
**. P<0.001.
*** P<0.01.

Abbrewahons pocket depth {PD}, “dinical aftachment loss (CAL), odds ratio (OR), conf:dence mfervol (.
" Adjusted for age, smoking status, lipid-lowering medxcuhon, and tofal cholestere].

. Inthis study, the pamclpants with low HDL cholesterol

. ]cvels hiad a higher risk for penodontms of the 5 components,
HDL cholesterol had the hxghest odds ratio for a greater pocket
depth and clinical attachment loss. Several studies have
reported a 51gmﬁcant relationship between abnormal lipid
metabolism and penodontms but the significant indices for
lipid metabohsm differed from study to study (Losche et al.,
2000; Noack et al., 2000; Katz et al., 2002; Mocintaghavi et
al., 2005). If the study populations were different, the
relatlonshlp ‘between penodontal condition and lipid
metabolism would differ because of the differences in genetic
background dlet, populatlon age and sex structure, ‘and body
habitus. Also, fasting plasma glucose was significantly

) associated with penodonuns“ The significant relationship
‘between diabetes and periodontifis.is well-known, and some
studies have’ suggested that impaired glucose tolerance is
associated with periodontal disease (Saito ef al., 2004, 2006),
and’that ‘periodontal treatment ib diabetics has a beneficial
effect on the control of blood-sugar level (Grossi ef al., 1997;
Stewart et al., 2001). From these studies, periodontms would-
have a close relationship with abnormal lipid metabohsm and. -
impaired glucose tolerance.

In this study, female participants exhibiting several
components of metabolic syndrome had hlgher risk for
periodontal dizease. Although periodontitis is a chronic
inflammatory ‘disease caused by Gram-negative anaerobic
‘bacteria, such as Porphyromonas gingivalis and Tannerella
Jorsythia, periodontal ¢onditions are significantly associated:
with the frequency of toothbrushing, regular dental visits, and
smoking. and drinking habits (Sakki et al., 1995; Albandar et
al., 2000; Shimazaki et al., 2005; Krustrup and Petersen, 2006).
Thus, negative lifestyle habits may aggravate periodontal
disease as well as health conditions such as obesity,
hypertension, impaired glucose tolerance, and abnormal lipid
metabolism. We propose that there is a bidirectional association
between the components of metabolic syndrome and
periodontal disease. However, we could not confirm a causal
link between metabolic syndrome and periodontal disease,

. because this was ‘a cross-sectional study, longltudmal cohort

studies are requu'ed for confirmation. .

Although an annual general health exammahon is common
in Japan, a yearly dental examination is not. Without.a dental
check-up, many would be unaware of the presence of
periodontal disease, because the subjective symptoms are weak.

. The results of this study suggest that people with several

components of metabolic syndrome may be at higher risk for .
periodontal disease. We recommend that anyone exhibiting
several components of metabolic syndrome receive a dental
and periodontal check -up, along with a general health
examination.

~ This study had a few limitations.- Although some.
components of mietabolic syndrome did not have a significant,
mdependent relahonshxp with periodontal disease, our Tesults
cannot assert an insignificant bilateral relationship between
penodontal disease .and-these components, because the sample
size was not large enough to verify the-insignificance. This
study showed the relationship between components of metabolic
syndrome and periodontal condition only-in female participants;
we do not know the relationship in males. Our periodontal
examination at the mesio-buccal and mid-buccal sites of each
tooth in 2 quadrants may have led to bias, because we did not
examife the peribdontal condition at 6 sites per tooth in ‘all of
the teeth present.’ Fuither investigations are required to clarify
the relationship -between metabolic syndrome and periodontal
disease in men, and to determine whether oral health care in
individuals exhibiting metabolic syndrome has the potential to
reduce the incidence of various systeinic diseases. T
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Prehypertension Increases the Risk for Renal
Arteriosclerosis in Autopsies: The Hisayama Study

Toshiharu Ninomiya,* Michiaki Kubo,* Yasufumi Doi,’ Koji Yonemoto,* Yumihiro Tanizaki,*
Kazuhiko Tsuruya,’ Katsuo Sueishi,* Masazumi Tsuneyoshi,§ Mitsuo lida,t and
Yutaka Kiyohara*

Departments of *Environmental Medicine, tMedicine and Clinical Science, *Pathophysiological and Experimental
Pathology, and $Anatomic Pathology, Graduate Schoo! of Medical Sciences, Kyushu University, Fukuoka, Japan

ABSTRACT

Information regarding the association between prehypertension BP level and renal arteriosclerosis is
limited. In 652 consecutive population-based autopsy samples without hypertension treatment before
death, the relationship between the severity of renal arteriosclerosis and BP levels classified according
to the criteria of the Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure was examined. The age- and gender-adjusted
frequencies of renal arteriosclerosis linearly increased with elevating BP levels; both hypertensive and
prehypertensive subjects had significantly higher frequencies of renal arteriosclerosis than subjects with
normal BP (normal 11.9%; prehypertension 28.5%; stage 1 hypertension 32.9%; stage 2 hypertension
58.2%; all P < 0.01 versus normal). In a logistic regression model, prehypertension was significantly
associated with renal arteriosclerosis after adjustment for other cardiovascular risk factors (prehyper-
tension multivariate-adjusted odds ratio [nOR] 5.99 [95% confidence interval (Cl) 2.20 to 15.97]; stage
1 hypertension mOR 6.99 [95% Cl 2.61 to 18.72]; stage 2 hypertension mOR 22.21 [95% Cl 8.35 to
59.08)). This significant association was observed for all renal arterial sizes. The similar association was
also observed for arteriolar hyalinosis. When the subjects were divided into those with and those without
target organ damage, the impact of prehypertension on renal arteriosclerosis was similar for both
groups (subjects without target organ damage mOR 5.04 [95% Cl 1.36 to 18.62]; subjects with target
organ damage mOR 6.42 [95% ClI 1.29 to 32.04)). These findings suggest that both hypertension and
prehypertension are associated significantly with the severity of renal arteriosclerosis, regardless of the
presence or absence of target organ damage.
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Hypertension hasbeen recognized asone ofthema-  which health-promoting lifestyle modifications are

jorrisk factors for the development of ESRD.1:2 Ne-
phrosclerosis is characterized pathologically by fo-
cal or global glomerular sclerosis and renal
arteriosclerosis and is frequently found in individ-
uals with hypertension.>s Meanwhile, several pro-
spective studies have indicated that the impressive
increase in the risk for cardiovascular disease or in
the risk for progression to hypertension started ata
BP level of =120/80 mmHg.5-8 On the basis of
these findings, the Seventh Report of the Joint Na-
tional Committee on Prevention, Detection, Evalu-
ation, and Treatment of High Blood Pressure
(INC-7) introduced a “prehypertension” category
in which BP is 120 to 139/80 to 89 mmHg and for
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recommended to prevent cardiovascular disease.?
A prospective population-based study of cardio-
vascular disease has been carried out since 1961 in
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the town of Hisayama on Kyushu Island in southern Japan.
The most characteristic feature of the Hisayama Study is that
the cause of death has been verified by autopsy for approxi-
mately 80% of deceased subjects in the study population.10-13
Our previous autopsy reports of Hisayama residents showed
that systolic BP (SBP) was closely related to the progression of
glomerular sclerosis, renal arteriolar hyalinosis, and renal ar-
teriosclerosis.'>13 To our knowledge, the Honolulu Heart Pro-
gram is the only other population-based study that has exam-
ined this issue, although the autopsy rate was not high
(20.6%).14'5 Their findings also suggested that diastolic BP
(DBP) was an independent predictor of glomerular sclerosis,
renal arteriolar hyalinosis, and renal arteriosclerosis.!%!> How-
ever, the association between categorized BP levels and renal
vascular changes was not assessed in these studies or in ours. In
this study, we examined the relationship between BP levels and
renal arteriosclerosis, focusing on prehypertension, in popula-
tion-based autopsy samples of the Hisayama Study, taking into
account other cardiovascular risk factors as well as renal artery
size.

RESULTS

The baseline characteristics of the 652 autopsy subjects are rep-
resented according to the BP levels in Table 1. The subjects
with stage 1 or stage 2 hypertension were older than those with
normal BP. The proportions of women gradually increased
with elevating BP levels. The mean GFR values decreased sig-
nificantly in stage 2 hypertension relative to normal BP level,
whereas serum creatinine levels did not change across BP lev-
els. The frequencies of proteinuria and history of cardiovascu-
lar disease were significantly higher in subjects with stage 2

hypertension, and that of electrocardiogram (ECG) abnormal-
ities increased linearly with elevating BP levels. The mean val-
ues of total cholesterol were significantly higher in subjects
with hypertensive or prehypertensive BP levels, whereas the
frequency of glucose intolerance and the mean value of body
mass index (BMI) did not change across BP levels. The fre-
quency of current smoking decreased gradually with elevating
BP levels, but no such tendency was observed for the frequency
of alcohol intake.

Figure 1 presents the age- and gender-adjusted frequencies
of renal arteriosclerosis, arteriolar hyalinosis, and glomerular
sclerosis according to BP classification. The frequencies of re-
nal arteriosclerosis and arteriolar hyalinosis linearly increased
with elevating BP levels; not only hypertensive subjects but also
prehypertensive subjects had a significantly higher frequency
of renal arteriosclerosis and arteriolar hyalinosis compared
with subjects with normal BP. Likewise, the age- and gender-
adjusted mean values of the wall-lumen ratio of renal arteries
decreased linearly (normal 5.10; prehypertension 4.16; stage 1
hypertension 3.96; stage 2 hypertension 3.47; all P < 0.01 ver-
sus normal), and those of the arteriolar hyalinosis index in-
creased gradually with elevating BP levels (normal 1.21; prehy-
pertension 1.29 [P < 0.05 versus normal]; stage 1 hypertension
1.29 [P < 0.05]; stage 2 hypertension 1.38 [P < 0.01]). The
severity of glomerular sclerosis increased significantly in only
stage 2 hypertension. The age- and gender-adjusted odds ratios
(OR) of renal arteriosclerosis and arteriolar hyalinosis were
significantly higher in prehypertension subjects and in hyper-
tension subjects than in normal ones (Table 2). This associa-
tion remained substantially unchanged even after adjustment
for age at death, gender, total cholesterol, glucose intolerance,
BMI, smoking habits, and alcohol intake. Furthermore, we di-

Table 1. Mean values or frequencies of potential risk factors and laboratory variables according to BP classification for

652 autopsy subjects®

e L 108)" 72 hEA78). A= 198) .
Age 2t death (yr) 70 £ 12 72 +13 75 +12° 79 + 11
Women (%) 37.7 40.7 43.2 52.5¢

SBP {(mmHg) 1098 129 + 6° 148 £ 7° 179 £ 18°
DBP {mmHg) 66%7 73 £ 10° 80 * 11° 91+ 13°
GFR (mi/min per 1.73 m?) 77.1 £ 158 755+ 188 76.3 £ 20.6 70.2 £ 19.5°
Serum creatinine (umol/L) 83.5(57.3 10 121.8) 85.4 (54.7 10 133.4) 84.0 (51.5 t0 137.2) 88.2 {(49.0 t0 158.7)
Proteinuria (%) 9.2 6.8 10.8 23.4°
History of cardiovascular disease (%) 4.7 11.6 9.1 12.1¢
Electrocardiogram abnormalities (%) 6.8 15.4¢ 25.7° 40.8°

Total cholesterol (mmol/L) 425%1.07 4.67 = 1.07° 460 +1.22° 4.63 £ 1.10°
Glucose intolerance (%) 13.2 21.5 18.2 22.2

BMI tkg/m?) 202+28 207 £ 3.2 207 £33 20.7 = 341
Smoking habits (%} 47.6 413 39.7 35.4¢
Alcohol intake (%) 24.0 32.6 31.2 30.6

*Data are means + SD or percentage. GFR determined by Madification of Diet in Renal Disease Study Group formula. Glomerular filtration rate and serum
crestinine were measured in 442 subjects who died after 1977. Geometric mean values and 95% confidence intervals (Cl) of serum creatinine are shown
because of the skewed distribution. BMI, body mass index; DBP, diastolic BP; HT, hypertension; SBP, systolic BP.

bp < 0.01, °P < 0.05 versus normal.
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Figure 1. Age- and gender-adjusted frequencies of renal arterio-
sclerosis (A), arteriolar hyalinosis (B), and glomerular sclerosis (C)
according to BP classification among 652 autopsy subjects. Solid
lines indicate age- and gender-adjusted mean values of wall-
lumen ratio, arteriolar hyalinosis index, and glomerular sclerosis,
respectively. PreHT, prehypertension; HT, hypertenston o<
0.05, **P < 0.01 versus normal.

vided prehypertension into two subcategories—BP 120 to
129/80 to 84 mmHg and BP 130 to 139/85 to 89 mmHg—and
examined the association between BP level and renal arterio-
sclerosis. As a result, the risk for having renal arteriosclerosis
was significantly increased in both BP subcategories even after
adjustment for the previously mentioned cardiovascular risk
factors (BP 120 to 129/80 to 84 mmHg OR 5.93 [95% confi-
dence interval (CI) 2.08 to 16.91; P < 0.01]; BP 130 to 139/85
to 89 mmHg OR 5.92 [95% CI 2.02 to 17.29; P < 0.011).

We examined whether the association between BP and re-
nal arteriosclerosis differs by the presence or absence of target
organ damage. As shown in Figure 2A, the age- and gender-
adjusted frequencies of renal arteriosclerosis were higherin the
group with target organ damage than in the group without it,
regardless of BP level. In both groups, however, the frequencies
of renal arteriosclerosis increased significantly with elevating
BP levels; the difference was significant between the normal
and both the prehypertension and hypertension categories.
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Likewise, the mean values of the wall-lumen ratio of renal ar-
teries were significantly lower in BP levels of prehypertension
and hypertension than in normal BP level for both the target-
organ-damaged and target-organ-undamaged groups (Figure
2B). As shown in Table 3, the impact of prehypertension on
renal arteriosclerosis was similar for both the damaged and
undamaged groups after adjustment for the previously men-
tioned cardiovascular risk factors (without target organ dam-

‘age OR 5.04 [95% CI 1.36 to 18.62; P < 0.05); with target organ

damage OR 6.42 [95% CI 1.29 to 32.04; P < 0.05}).

Finally, we examined the associations between BP levels and
renal arteriosclerosis by the size of renal arteries using logistic
regression analysis (Table 4). After adjustment for the previ-
ously mentioned cardiovascular risk factors, both prehyper-
tension and hypertension significantly increased the risk for
having renal arteriosclerosis in all arterial sizes. For smaller
arteries (<300 jzm), the risk for arteriosclerosis significantly
and linearly increased with elevating BP levels, whereas this
linear association was diminished for larger arteries (=300

pm).

DISCUSSION

In this population-based autopsy survey, we histopathologi-
cally examined the relationship between categorized BP levels
classified according to the JNC-7 criteria and renal arterioscle-
rosis. The results showed that both hypertension and prehy-
pertension were associated significantly with renal arterioscle-
rosis, without regard for the presence or absence of target
organ damage or for the size of intrarenal arteries. The rela-
tionships between BP and renal histopathologic changes also
have been reported in the several biopsy-based studies of living
subjects. Lhotta et al.'é showed in patients who underwent bi-
opsy that SBP was associated significantly with the frequencies
of glomerular sclerosis and arteriolar hyalinosis. According to
the study for patients with biopsy-proven IgA nephropathy,
patients with hypertension, defined as BP =140/90 mmHg,
had more severe glomerular sclerosis, interstitial fibrosis/tubu-
lar atrophy, interstitial infiltration, and atherosclerosis com-
pared with those without hypertension.!” In a similar biopsy
study for IgA nephropathy, prehypertension (BP 120 to 139/80
to 89 mmHg) was associated significantly with the severity of -
mesangial proliferation and arteriolar changes, including inti-
mal thickening, intimal duplication or hyalincsis, but not glo-
merular sclerosis.’® These findings are in accordance with
those of our study.

Several recent reports have shown that the risk for the de-
velopment of cardiovascular.disease or the risk for the progres-
sion to hypertension initiates an increase in BP levels of
2120/80 mmHg. A meta-analysis of individual data for 1 mil-
lion adults in 61 prospective studies indicated that the mortal-
ity from both ischemic heart disease and stroke increased pro-
gressively and linearly from BP levels as low as SBP of 115
mmkgand DBP of 75 mmHg in middle and old age.5 In addi-
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Table 2. Age- and gender-adjusted or multivariate-adjusted OR for renal arteriosclerosis, arteriolar hyalinosis, and

glomerular sclerosis according to BP classification among 652 autopsy subjects

. BP Classification - o W T 0

R A - ."Neormal” " : .. Prehyperténsion - " Stage ¥ HY'_ .. ~ .- ."Stage-2-HT
Arteriosclerosis :
age and gender adjusted
OR® 1.00 4214 4979 16.57¢
Cl Reference 1.85 to 9.60 2.20t0 11.21 7.41 to 37.05
multivariate adjusted
OR°® 1.00 5.99¢ 6.999 22.214
Cl Reference 2.20 to 15.97 2.61 10 18.72 8.35 10 59.08
Arteriolar hyalinosis
age and gender adjusted
OR® 1.00 2.70° 2.59° 5.84°
Cl Reference 1.19 t0 6.13 1.14 to 5.89 2.65 to 12.88
multivariate adjusted ’
OR® 1.00 2.36° 2.19 5.429
[« Reference 1.01 10 5.50 0.93 to 5.16 2.37t012.38
Glomerular sclerosis .
age and gender adjusted
ORP 1.00 1.03 1.24 2.06°
cl Reference 0.50t0 2.12 0.62 to 2.49 1.06 to 4.02
multivariate adjusted
OR® 1.00 1.01 1.21 2.21°
[&] Reference 0.46 to 2.21 0.56 to 2.61 1.06 to 4.64

20OR odds ratio.
bAdjusted for age at death and gender.

cAdjusted for age at death, gender, total cholesterol, glucose intolerance, BMI, smoking habit, and alcohol intake,

dp < 0.01, °P < 0.05 versus nomal.
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Figure 2. Age- and gender-adjusted frequencies of renal arterio-
sclerosis (A) and mean values of wall-lumen ratio of the renal
arteries (B) according to BP classification by the presence or
absence of target organ damage among 652 autopsy subjects.
TOD, target organ damage; *P < 0.05, **P < 0.01 versus normal
in target organ damage (—); $p < 0.05, 3¥P < 0.01 versus normal
in target organ damage (+).

tion, longitudinal data that were obtzined from the Framing-
ham Heart Study indicated that high-normal BP and normal
BP, defined by JNC-6, were associated with the occurrence of
cardiovascular disease.” Moreover, according to the random-
ized, controlled trial conducted in the Modification of Diet in
Renal Disease (MDRD) study, low target BP (mean BP <92
mmHg, equivalent to a BP <125/75 mmHg) reduced the risk
for developing kidney failure by approximately 30% compared
with the usual target BP (mean BP <107 mmHg, equivalent to
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a BP <140/90 mmHg).!® Our findings also showed that pre-
hypertension levels were significantly associated with renal ar-
teriosclerosis and arteriolar hyalinosis. It may be reasonable to
suppose that prehypertension promotes systemic arterioscle-
rosis including renal vascular changes and causes cardiovascu-
lar disease and renal dysfunction.

Itis possible that prehypertension is not the cause of renal
arteriosclerosis but the result of renal vascular changes or or-
gan damages by other cardiovascular risk factors. In this study,
however, prehypertension was clearly associated with renal ar-
teriosclerosis, regardless of the presence or absence of target
organ damage, and this association was significant even after
adjustment for other cardiovascular risk factors. This suggests
that a slight increase in BP to prehypertension levels was asso-
ciated independently with the severity of renal arteriosclerosis.
Therefore, it is possible that antihypertensive treatment with
BP-lowering <120/80 mmHg prevents the progression of re-
nal arteriosclerosis, regardless of the presence or absence of
target organ damage.

In our study, the relationship between BP levels and renal
arteriosclerosis differed somewhat according to the size of re-
nal arteries; the risk for renal arteriosclerosis increased signif-
icantly and linearly with elevating BP levels in smaller arteries
(<300 pm), including arterioles, whereas this phenomenon
was diminished in larger arteries (2300 um). Instead, the im-
pact of total cholesterol levels was reinforced with elevating
renal arterial size in our subjects (data not shown). In autopsy
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Table 3. Muttivariate-adjusted OR for renal arteriosclerosis according to BP dassification by the presence or absence of

target organ damage.

" BR Csfication . T L T

. Parameter .. T e RO —
Lo ) . Normal- . - “.." - -Prehypérténsion-:._-- " ...Stage1HT . -r . . - Stage-2 HT.
Target organ damage (—)?
population at risk 83 109 103 70
OR® 1.00 . 5.04° 6.05° 18.819
95% Cl Reference 1.36 t0 18.62 1.65 to 22.20 4,98 to 71.01
Target organ damage (+)*
population at risk 23 63 73 128
OR® 1.00 6.42° 7.21¢ 18.02°
95% Ct Reference 1.29 to 32.04 1.46 to 35.65 3.75 to 86.47

*Target organ damage was defined as the presence of preexisting cardiovascular disease, electrocardiogram abnomalities, proteinuria, or GFR <60 mUmin per

1.73 m2

bAdjusted for age at death, gender, total cholesterol, glucose intolerance, BMI, smoking habits, and alcohol intake.

P < 0.05, 9P < 0.0 versus nommal,

Table 4. Multivariate-adjusted OR for renal arteriosclerosis according to BP classification by the size of renal arteries

among 652 autopsy subjects

Classification-

e Prehypertonsic iStagé 1.HT ™
60 to 149 .
OR? 1.00 4.01® 4.13° 12.00P
95% Cli Reference 1.59 to 10.10 1.64 to 10.39 4.84 10 29.68
150 to 299
OR® 1.00 2.3%¢ 4.27® 9.94°
95% CI Reference 1.13 to 5.07 2.05 t0 8.89 4.77 t0 20.72
300 to 499 ’
OR® 1.00 4.21° 273¢ 6.218
95% ClI Reference 1.68 t0 10.60 1.06 t0 6.99 2.49 t0 15.47
=500 .
OR? 1.00 3.80¢ 2.59 3.08
95% Cl Reference 1.09 t0 13.30 0.72 t0 9.34 0.86 t0 11.04

*Adjusted for age at death, gender, total cholesterol, glucose intolerance, BMI, smoking habits, and alcohol intake.

bp < 0.01, °P < 0.05 versus normal.

findings from the Honolulu Heart Program, BP was associated
stronigly with the intimal thickness of renal arteries with an
outer diameter of 80 to 300 pum, but there were no correlations
between the intimal thickness of these renal arteries and other
cardiovascular risk factors, such as total cholesterol, triglycer-
ides, blood glucose, and smoking.!* It is feasible to speculate
that the degree of the atherogenic effects of risk factors varies
according to artery size and that hypertension affects small
arteries notably.

Several limitations of our study should be discussed. First,
our findings might be biased by the exclusion of 187 subjects
who were taking antihypertensive medications. The mean val-
ues of SBP, DBP, serum creatinine, and total cholesterol and
the frequencies of proteinuria, ECG abnormalities, glucose in-
tolerance, and history of cardiovascular disease were signifi-
cantly higher and the mean values of wall-lumen ratio were
significantly lower in subjects who were taking antihyperten-
sive medications than in the 652 subjects without antihyper-
tensive medications in the present study. This bias has the po-
tential to underestimate the impact of hypertension or other
cardiovascular risk factors on renal arteriosclerosis. However,
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it is unlikely that this bias affects the association between pre-
hypertension and renal arteriosclerosis, because prehyperten-
sive subjects did not use antihypertensive medication. Second,
only a single BP measurement was obtained at the baseline
examination in the recumbent position, This imperfect mea-
surement of BP might have resulted in a misclassification of
our study subjects into different BP categories and a conse-
quent dilution of our estimates of BP’s impact on renal arte-
riosclerosis. Third, this is a cross-sectional study. Therefore, it
is difficult to infer causality between prehypertension and risk
for progression of renal arteriosclerosis, because it may be pre-
sumed that BP increased as a result of renal ischemia by preex-
isting renal arteriosclerosis, acting mainly through the renin-
angiotensin system. In any case, our findings suggest that
subjects with prehypertension should be considered as those
with more progressive renal arteriosclerosis. Fourth, several
variables used in this study were less accurate. We used the-
MDRD equation to estimate GFR; this formula is notoriously
inaccurate in patients with normal kidney function. Protein-
uria was established as 1+ or more on the dipstick; this would
have missed all subjects with microalbuminuria. In addition,
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the definition of glucose tolerance varied depending on when
the examination was done. These facts might lead to the mis-
classification of a normal subgroup without any risk factor and
affect the cutoff value of each histologic parameter. However, it
seems to be unlikely that this limitation distorted the associa-
tions between BP levels and severity of renal arteriosclerosis,

because BP levels showed the dosage-dependent association -

with the continuous values of wall-lumen ratio. Finally, this
study is based on autopsy and the proportion of aged people is
extremely high. Therefore, its findings cannot be applied to the
overall living population. However, we believe that our find-
ings provide useful information toward a better understanding
of the pathogenesis of renal arteriosclerosis.

CONCLUSION

Prehypertension level classified by JNC-7 was associated sig-
nificantly with the severity of renal arteriosclerosis. Therefore,
prehypertensive individuals should be considered a high-risk
population, regardless of the presence or absence of target or-
gan damage. Our findings emphasize the need to determine
whether the lowering of goal BP in hypertension management
can prevent the progression of renal and systemic arterioscle-
rosis.

CONCISE METHODS

Study Population

The population of the town of Hisayama is approximately 7500, and
data from the national census show it to be representative of Japan as
a whole, %! The study design and characteristics of the subject pop-
ulation have been described in detail elsewhere.!!3 Briefly, from Jan-
uary 1962 to December 1994, a total of 1742 Hisayama residents of all
age groups died, 1394 (80.0%) of whom underwent autopsy. The
autopsy rate was not different between men (78.7%) and women
(81.6%). Among these consecutive autopsy subjects, 1168 partici-
pated in at least one of the six health examinations conducted in 1961,
1967, 1974, 1978, 1983, and 1988. For every examination, the partic-
ipation rate exceeded >80% of 2ll Hisayama residents 40 yr or older,
After exclusion of 98 subjects who lacked preserved renal tissues, 33
with degenerated or small renal tissues, 80 who underwent autopsy at
other hospitals, 118 who had no health exarnination data within 7 yr
before death, and 187 who had been treated with antihypertensive
medications, 652 subjects (362 men and 290 women) were included
in this study. The mean period from the most recent health examina-
tion to death was 3.6 * 1.8 yr. '

Morphologic Examination of Renal Tissue

The methods of morphologic examination of renal tissue have been
described in detail elsewhere.!? Briefly, for light microscopic study,
paraffin-embedded renal tissues that were obtained by standard au-
topsy methods were cut at a 2-um thickness and stained with periodic
acid-Schiff reagent. The wall-lumen ratio was evaluated as the severity
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of arteriosclerosis by the method of Kernohan et al.2° For each speci-
men, all arteries with an outer diameter >60 jm were examined using
an eyepiece micrometer, The outer diameter and the lumen diameter
of the least axis of the elliptic profile were directly measured. The
wall-lumen ratio was calculated in each artery as lumen diameter/
(outer diameter — lumen diameter)/2, and the mean value for all
arteries in all subjects was used as the index of arteriosclerosis. We
further classified all arteries into four categories according to the outer
diameters of the renal arteries— 60 to 149, 150 to 299, 300 to 499, and
2500 pm—and caleulated the mean values of the wall-lumen ratio by
the previously mentioned categories.

The severity of arteriolar hyalinosis was assessed semiquantita-

. tively by the method of Barder et al.2! For each tissue specimen, 50

arterioles were examined and the severity of the lesion in each arte-
riole was graded from 1+ to 4+ according to the extent of arteriolar
hyalinosis. The arteriolar hyalinosis index was calculated by the fol-
lowing formula: Arteriolar hyalinosis index = (n; X 1 + n,X 2 + nyX
3 + n,X 4)/50. Here, n,, n,, n,, and n, indicate the number of arte-

tioles showing hyalinosis scores of 1+ to 4+, respectively.

The semiquantitative score was used to evaluate the severity of
glomerular sclerosis by the method of Raij et al.22 For each tssue
specimen, 100 glomeruli from the superficial to deep cortex were
examined uniformly, and the severity of the lesion in each glomerulus
was graded from 0 to 4+ according to the percentage of glomerular
sclerosis. The glomerular sclerosis index was calculated by the follow-
ing formula: Glomerular sclerosis index = (ngX 0 + n,X 1 + n,X 2
+ 03X 3 + n, X 4)/4. Here, ny, n;, n,, 05, and n, indicate the number
of glomeruli showing sclerotic lesion scores of 0 to 4+, respectively.

Definition of Renal Arteriosclerosis, Arteriolar
Hyalinosis, and Glomerular Sclerosis

To differentiate the effects of cardiovascular risk factors from age-
related changes, we selected 103 subjects who had none of the follow-
ing characteristics: Proteinuria, kidney failure, hypertension, ghucose
intolerance, or primary renal disease at autopsy. Using this subgroup,
the cutofflimits were defined as below the 10th percentile or above the
90th percentile of each histologic parameter distribution; that is, renal
arteriosclerosis, arteriolar hyalinosis, and glomerular sclerosis were
defined as a wall-lumen ratio <3.37, an arteriolar hyalinosis index
>1.44, and a glomerular sclerosis index >17.0, respectively. In the
analysis by the size of renal arteries, furthermore, renal arteriosclero-
sis was defined as below the lower 10th percentile for mean values of
the wall-lumen ratio by size (60 to 149 um: wall-lumen ratio <3.56;
150 t0 299 pm: wall-lumen ratio <2.65; 300 to 499 pm: wall-lumen
ratio <2.64; =500 pm: wall-lumen ratio <2.44).

Risk Factors

BP was measured three times after a single rest period of at least 5 min
using a standard mercury sphygmomanometer with the subject in the
recumbent position. The mean of the three measurements was used
for the analysis. BP levels were categorized according to the criteria
recommended by JNC-7° (normal: SBP <120 mmHg and DBP <80
mmHg; prehypertension: SBP 120 to 139 mmHg or DBP 80 to 89
mmHg; stage 1 hypertension: SBP 140 to 159 mmHg or DBP 90 to 99
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mmHg; stage 2 hypertension: SBP =160 mmHg or DBP =100 REFERENCES

mmHg).

Ghucose intolerance was defined by an oral glucose tolerance test
in the subjects with glycosuria in 1961 and 1967; by fasting and post-
prandial glicose concentrations in 1974, 1978, and 1983; and by a
75-g oral glucose tolerance test in 1988, in addition to medical history
of diabetes. ECG abnormalities were defined as Minnesota codes 3-1
and/or 4-1, -2, -3. Serum total cholesterol levels were measured by the
Zak-Henly method with a modification by Yoshikawa in 1961 and
1967, by the Zurkowski method in 1974, and by the enzymatic
method after 1978. Serum creatinine concentration was measured by
the Jaffe method after 1974, and GFR was calculated by the MDRD
Stady Group formula.?> Freshly voided urine samples were tested by
the sulfosalicylic acid method in 1961 and 1967 and by the dipstick
method after 1974, Proteinuria was defined as 1+ or more. Body
height and weight were measured in light clothing without shoes, and
the BMI (kg/m?) was calculated. Information on antihypertensive
medication, alcohol intake, and smoking habits was obtained through
a standard questionnaire and classified as current habitual use or a
lack thereof. All available information about potential cardiovascular
diseases, including stroke, myocardial infarction, and coronary inter-
vention, was gathered and reviewed by a panel of physician members
of the Hisayama Study to determine the occurrence of cardiovascular
disease under the standard criteria. A history of cardiovascular disease
was determined on the basis of this information. Target organ damage
was defined as the presence of ECG abnormalities, proteinuria, GFR
<60 ml/min per 1.73 m?, or a history of cardiovascular disease.

Statistical Analyses

SAS software (SAS Institute, Cary, NC) was used to perform all sta-
tistical analyses. The crude or age- and gender-adjusted mean values
and frequencies of variables were compared among BP levels using
Dunnett ¢ test or logistic regression analysis as appropriate. The age-
and gender-adjusted or multivariate-adjusted OR and 95% CI were
caleulated by a logistic regression analysis. P < 0.05 was considered
statistically significant in all analyses.
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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;
Koji Yonemoto, PhD; Yumihiro Tanizaki, MD, PhD; Mahbubur Rahman, MBBS, MPH, PhD;
Hisatomi Arima, MD, PhD; Kazuhiko Tsuryuya, MD, PhD;

Mitsuo Iida, MD, PhD; Yutaka Kiyohara, MD, PhD

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 III 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.)

Key Words: cardiovascular disease m epidemiology m metabolic syndrome ®m myocardial infarction m stroke

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?.'>-25
based on the definitions from the National Cholesterol Edu-
cation Program’s (NCEP) Third Adult Treatment Panel Re-
port III> 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.27-2° 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.° In 1988, a screening survey for the
present study was performed in the town. A detailed description 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 circomnfer-
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 acule 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.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 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 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
23 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
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 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 Pane] IIT guideline’ with a modification. Specifically,
abdominal obesity was defined as a waist circumference >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 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 26.10 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 1 test and ” 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 addition, 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: 9.2 versus 5.7, P<00I;
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=983) (N=419)
Age, years 5811 5811 5711 62101
Systolic blood pressure, mm Hg 132+20 145+18t 12619 145+19t
Diastolic blood pressure, mm Hg 79+11 87+10t 74+10 81+11¢
Antihypertensive medication, % 1.8 21.3t 9.0 29.61
Hypertension, % 374 70.4t 240 67.5t
Proteinuria, % 7.0 11.6* 3.0 6.9
Electrocardiogram abnormalities, % 18.7 19.7 12.5 14.6
Walst circumference, cm 80.3x76 88.7+6.9t 78.1+9.2 88.2x8.4*
Body mass index, kg/m? 22.3+28 25.0+2.6% 22.1+29 24.9+3.11
Fasting blood glucose, mmol/L 57x11 87171 5.5+1.0 6.3*+1.7
Diabetes, % 6.7 29.2t . 30 17.7¢
Serum total cholestero!, mmol/L 5.09:+1.06 5.19+1.14 5.47%1.05 5.78+1.09t
Serum triglycerides, mmol/L. 1.13(0.43-2.95) 2.46 (0.83-7.32)f 0.90 (0.44-1.86) 1.58 (0.61-4.10)t
Serum high-density lipoprotein cholestero!, mmol/L 1.31+0.29 1.06+0.27 1.42+0.28 1.14x0.22¢
Smoking habits, % 51.6 458 6.2 79
Alcohol intake, % 59.5 69.4* 86 98
Regular exercise, % 122 8.8 9.2 9.3

Values are mean:=SD or percentage.

Electrocardiogram abnormalities are defined as left ventricutar hypertrophy (Minnesota code, 3-1) and/or ST depression (Minnesota code, 41,
2, 3.

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

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

HDL 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, P=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 Events Incidence Rate P Value

Cardiovascular disease

MetS (~) 9958 108 11.6 12759 78 6.5

MetS (+) 2416 50 21.8 <0.01 5078 71 129 <0.01
Coronary heart disease

MetS (~) 10213 53 57 13010 17 1.5

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

MetS (~) 10 099 63 6.4 12817 65 5.3

MetS (+) 2477 kil 14.1 <0.01 5122 50 8.8 0.06
Ischemic stroke

MetS (—) 10 099 46 438 12817 40 34

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

MetS (-) 10 099 17 1.6 12817 25 2.0

MetS (+) 2477 11 5.1 0.01 5122 n 28 0.72
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TABLE 3. Age-orMuiﬁvariah—AxﬂusdeRsfurDeve!apmentofGVD,GHD,orSimkeMemﬂ'mgtoMeiSStamsmzm&mbctstinga

July 2007

14-Year Follow Up by Sex
Men Women
Age-Adjusted Multivariate-Adjusted™ Age-Adjusted Multivariate-Adjusted*
HR (35% Ci) Pvalue HR (95% Ci) Pvalue  HR (95% CI) Pvalue HR (95% Ci) P Value

Cardiovascular disease

MetS (—) 1.00  (reference) 1.00  (reference) 1.00 (reference) 100  (reference)

MetS (+) 193 (1.38-270) <001 186 (1.32-262) <0.01 1.68 (122-2.33) <001 170 (1.22-2.36) <0.01
Coronary heart disease

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

MetS (+) 195 (1.21-3.13) <0.01 1.94 (1.19-3.17) <001 3.1 (1.71-565 <001 286 (1.56-5.24) <0.01
Stroke

MetS (—) 1.00  (reference) 1.00  (reference) 1.00  (reference) 100 (reference)

MetS (+) 204 (1.33-3.14 <001 192 (1.23-298) <001 1.43 (0.99-2.08) 0.06 150 (1.03-2.19) 0.03
Ischemic stroke

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

MetS (+) 1.80 (1.07-3.05 0.03 168 (0.98-2.89) 006 177 (1.14-2.76) 001 178 (1.13-2.79) 0.01
Hemorrhagic stroke

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

MetS (+) 267  (1.25-5.69) 001 254 (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, alcohot 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 cumulative 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 components. 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 2.26, P<0.01), male sex (1.45; 1.07 to 1.97,
P=0.02), hypertension (1.64; 1.26 t02.12, P<0.01), diabetes (1.55;
1.14 10 2.13, P<0.01), smoking habits (1.69; 1.28 t0 2.23, P<0.01),
regular exercise (0.58; 0.39 to 0.87, P<0.01), proteinuria (1.64; 1.13
10 2.38, P<0.01), electrocardiographic abnormalities (1.29; 0.98 to
1.69, P=0.07), serum total cholestero! (0.99 [per increment of
1 mmol/L]; 0.89 to 1.11, P=0.92), and alcohol intake (0.97; 0.73 to
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 European 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 variation 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 Westem 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
definition 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 general Japanese population.
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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.?” The same authors again
reported that the new Intemational Diabetes Federation definition™
was not predictive for CVD in either male or female patients with
diabetes.3s 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 (30 ¢m for
men and 80 cm for women), which was recommend by the
Intemnational Diabetes Federation to use for the Japanese popula-
tion.?” 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
risk 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.'>-2527-29 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 run.
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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 Components in 2452 Subjects During a 14-Year Follow Up

Age- and Sex-Adjusted Muttivariate-Adjusted”
Population  No. of
at Risk Events HR 95% €)) P Value HR {95% Cl) 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 1.45  (0.95-2.20) 0.08
2 625 72 147  (0.96-2.26) 0.08 139 (0.91-2.15) 0.15
3 394 65 212 (1.37-3.28) <0.01 195  (1.25-3.04) <0.01
=4 241 56 319 (2.03-5.02) <0.01 299  (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 1.41 (0.75-2.67) 0.29 138 (0.72-2.62) 0.33
2 625 22 1.05  (0.53-2.09) 0.89 095  (0.47-1.80) 0.88
3 394 32 255  (1.33-4.89) <0.01 229 (1.18-4.47) 0.01
=4 241 23 336  (1.68-6.72) <0.01 296  (1.45-6.01) <0.01
Stroke
No. of MetS components
0 436 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 50 150  (0.89-2.53) 0.13 145  (0.86-2.46) 0.16
3 394 41 1.88  (1.10-3.25) 0.02 178 (1.03-3.09) 0.04
=4 241 40 316 (1.83-5.46) <0.01 305  (1.75-5.31) <0.01

*Adjusted for age, sex, proteinuria, electrocardiogram abnormaiities, serum total cholesterol, smoking habits, alcohol intake, and

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

Age- and
Sex-Adjusted Multivariate-Adjusted™
Population at Risk  No. of Events HR (95% CI) HR (95% Cl)
Hypertension
HT (—)+MetS (~) 1269 89 1.00 (reference) 1.00 {reference)
HT (=)+MetS (+) 200 25 179  (1.14-2.79)" 175 (1.12-2.75"
HT (+)+MetS (-) 548 97 1.8t (1.35-2.43)t 176 (1.29-2.37)t
HT (+)+MetS (+) 435 96 259 (1.93-348)tF 245 (1.81-3.32)i%
Diabetes
DM (—)+MetS (-) 1732 7 1.00 {reference) 1.00 (reference)
DM (—)+-MetS (+) 498 84 160 (1.23-2.09)t 154  (1.17-2.02)t
DM (+)+MetS () 85 15 1.356  (0.80-2.30) 138 (0.81-2.34)
DM (+)+MetS (+) 137 37 275  (1.93-393)tf 260 (1.81-3.74)ft

*Adjusted for age, sex, proteinuria, electrocardiogram abnormalities, serum total cholesterol, smoking habits,

alcohol intake, and regular exercise.
*P<0.05, 1P<0.01 vs reference.
$P<0.05 vs HT(-+)+MetS (—) or DM (+)+MetS (—).
HT indicates hypertension; DM, diabetes mellitus.
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