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Objective: The individual components of metabolic syndrome are defined as levels ranging from moderate
to high level as to require medication. We investigated the impact of moderate metabolic risk factor
clustering on cardiovascular disease (CVD) mortality.
Methods: We followed up 6758 non-lean Japanese in randomly selected areas from ail over the country
who had no history of CVD for 15 years. The multivariate-adjusted hazards ratio (HR) and 95% con-
fidence interval (Cl) for CVD mortality according to the number of moderate metabolic risk factors
(BMI > 25 kg/m?, 130/85 mmHg < systolic/diastolic BP<140/90 mmHg, 140 mg/d! <casual blood glu-
cose <200 mg/dl, triglycerides > 150 mg/dl and/or HDL cholesterol <40 mg/dl [men], 50 mg/dl [women}}
were estimated using the Cox proportional hazards model. The population-attributable risk fraction of
moderate metabolic risk factor clustering was also estimated.
Results: During the follow-up, 282 participants died of CVD. CVD mortality tended to increase with
the number of moderate metabolic risk factors. However, they were not statistically significant. The
multivariate-adjusted HRs were 1.82 (95%Cl: 0.89-3.73) for having any moderate metabolic risk factors
and 2.87 (95%Cl: 1.46-5.64) for having any medication-required metabolic risk factors, compared with
participants without any moderate metabolicrisk factors. The population-attributable risk fractions were
7.3% and 52.4% for any moderate and medication-required metabolic risk factors, respectively.
Conclusions: We did not find the statistically significant increase of CVD mortality for moderate metabolic
risk factor clustering. Its attribution was relatively small in this Japanese population. More efforts would
be required to detect and control medication-required risk factors.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. lnfroduction

in the present criteria for metabolic syndrome are not graded by
severity but they are defined as levels ranging from moderate to

Metabolic syndrome is the concept of metabolic risk factor
clustering, which is an appropriate target for therapeutic lifestyle
changes [1-4]. Several cohort studies have revealed that metabolic
syndrome is associated with an increased risk of cardiovascular dis-
ease (CVD)[5-11]. However, the individual component risk factors
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high requiring medication [12-17]. Because individual established
risk factors such as hypertension or diabetes strongly and inde-
pendently increase the risk of CVD [8,18,19], the risk of moderate
metabolic risk factor clustering on CVD might escape detection.
Individuals with established risk factors often require medication
in addition to therapeutic lifestyle changes, whereas moderate risk
factors can be controlled with such lifestyle changes{17]. However,
the CVD risk for individuals with moderate risk factor clustering has
rarely been reported.

Here we investigated the association between clustering of
moderate metabolic risk factors and CVD mortality among people
with normal weight or more in a 15-year follow-up of a cohort of
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representative general Japanese, who participated in the National
Survey of Circulatory Disorders of Japan in 1990.

2. Methods
2.1. Study population

NIPPON DATA (National Integrated Project for Prospective
Observation of Non-communicable Disease and Its Trends in the
Aged) is a cohort study of participants in the National Survey on
Circulatory Disorders of Japan, which has been conducted by the
Ministry of Health, Labor and Welfare of Japan. NIPPON DATA
includes two cohort studies of which the baseline data were sur-
veyed in 1980 and in 1990 (NIPPON DATAS80 and NIPPON DATA90)
and the details of the studies have been described [8,18-20]. Here,
we investigated the data from NIPPON DATA90 because some
important metabolic risk factors such as HDL cholesterol were not
included in the NIPPON DATAB80 baseline survey.

Atotal of 8384 residents (3504 men and 4880 women, aged > 30
years) from 300 randomly selected districts from all over Japan
participated in the baseline survey and were followed up until
November, 2005. The participation rate in this survey was 76.5%.
Of the 8384 participants, 1626 were excluded because of a his-
tory of coronary heart disease or stroke (n=261), information
missing at the baseline survey (n=649), withdrawal due to incom-
plete residential access information (n=255) and a low BMI
(BMI<18.5kg/m?) (n=461). We excluded these lean participants
because they also have a higher CVD mortality risk in Japan as
well as in western studies {21,22]. The remaining 6758 participants
(2828 men and 3930 women) were analyzed in this study. The Insti-
tutional Review Board of Shiga University of Medical Science (No.
12-18, 2000) approved this study.

2.2. Baseline examination

Body mass index (BMI) was calculated as weight (kg) divided
by the square of height (m). Trained observers measured base-
line blood pressure using a standard mercury sphygmomanometer
on the right arm of seated participants. Non-fasting blood sam-
ples were obtained at the baseline survey. Serum was separated
and centrifuged soon after blood coagulation. Plasma samples
were collected into siliconized tubes containing sodium fluoride
and shipped to a central laboratory (SRL, Tokyo) for blood mea-
surements. Plasma glucose was measured enzymatically. Serum
triglycerides (TG) and total cholesterol were also measured enzy-
matically and high-density lipoprotein (HDL) cholesterol was
measured after heparin-calcium precipitation,

Public health nurses collected the information about smoking,
alcohol consumption and medical history. We divided participants
into four categories of smokers (never-smoked; ex-smoker; current
smoker of <20 or >20 cigarettes/day) and six categories of drinking
(never-drink; ex-drinker; current drinker of 1-4 and more gou of
sake/day); 1 gou (180 ml) is equivalent to 23 g of alcohol.

2.3. Endpoints

We previously reported that participants who had died in
each area were confirmed by computer matching with data from
the National Vital Statistics database, using area, gender, date of
birth and death as key codes [19,23]. The underlying causes of
death in the National Vital Statistics were coded according to
the 9th International Classification of Diseases (ICD-9) until 1994
and according to the 10th International Classification of Disease
(ICD-10) from 1995. Details of these classifications are described
elsewhere [18~20,23). Deaths coded from 393 to 459 according to

ICD-9 and from 100 to 199 according to ICD-10 were defined as CVD
deaths in this study.

2.4. Definition of metabolic risk factors

Based on the modified NCEP (National Cholesterol Edu-
cation Program) metabolic syndrome criteria [12], moder-
ate metabolic risk factors were defined as follows: obesity
(BMI=>25kg/m?), moderate high blood pressure (130 < systolic
blood pressure [SBP}j<140mmHg andfor 85 <diastolic blood
pressure [DBP] <90 mmHg), dyslipidemia (150 mg/dl < non-fasting
triglycerides andfor HDL-cholesterol <40mg/dl for men, and
<50 mg/dl for women). We also defined moderate high blood glu-
cose (140 mg/dl < non-fasting blood glucose <200 mg/dl). Because
our samples were non-fasting, post load blood glucose of
>140mg/dl indicated impaired glucose tolerance [24]. Further-
more, we defined medication-required metabolic risk factors as
follows: high blood glucose (non-fasting blood glucose > 200 mg/d!
and/or medication), high blood pressure (SBP > 140 mmHg and/or
DBP>90 mmHg andfor medication) according to the criteria of
hypertension stage 1 in JNC7 (The Seventh Report of the Joint
National Committee of Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure) [25]. We divided the par-
ticipants into five categories of metabolic risk factor condition
(none, moderate metabolic risk factor [1, 2 and >3 factors], any ’
medication-required metabolic risk factor). Participants with any
one or more of the medication-required metabolic risk factors
were categorized as “any medication-required metabolic risk fac-
tor” irrespective of the number of moderate metabolic risk factors.

2.5. Statistical analysis

Differences in the baseline characteristics of participants were
examined using the analysis of variance for continuous variables
and x2-test for dichotomized variables according to metabolic risk
factors. The multivariate-adjusted hazard ratio (HR) of all CVD mor-
tality for each group was estimated using the Cox proportional
hazards model adjusted for age, sex, total cholesterol, smoking
and drinking categories. Participants without metabolic risk factors
were established as the reference group. Population-attributable
risk fraction (PAF) for CVD deaths were estimated using the follow-
ing equation: proportion of CVD death with moderate metabolic
factors among total CVD death x (HR — 1)/HR [26]. All CI values
were estimated at the 95% level. A P-value of <0.05 was consid-
ered statistically significant. The Statistical Package for the Social
Sciences, version 11.0J (SPSS Japan, Inc., Tokyo, Japan) was used for
all analysis.

3. Results

Table 1 shows the baseline characteristics of the study partic-
ipants according to the categories of metabolic risk factors. The
mean age of participants was higher and the proportion of women
was lower among those with more advanced metabolic risk fac-
tors. The proportion of participants with any moderate metabolic
risk factors was 33.6%. The total number of person-years was 94,817
and the mean follow-up period was 14.0 years. During the follow-
up, 1007 participants died of all causes, 282 of all CVD, 119 of stroke
and 63 of coronary heart disease.

Table 2 shows the number of deaths, adjusted HRs and 95%Cls
according to metabolic risk factors. Crude HR values for CVD mor-
tality ranged from 2.32 to 5.17 among participants with moderate
metabolic risk factors. The trend was statistically significant among
the four categories of moderate and the five categories up to
medication-required metabolic risk factors (P for trend <0.001).
Multivariate-adjusted HRs among participants with moderate
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Table 1

Baseline characteristics of 2828 men and 3930 women aged 230 years according to number of moderate or medication-required metabolic risk factors. NIPPON DATA90,
15-year follow-up.

Baseline characteristics Number of moderate metabolic risk factors? Any medication-required
metabolic risk factors®
0 1 2 3and 4

Number of participants 1297 1393 683 199 3186
Women (%) 69.1 "58.8 56.5 45.7 54.5
Age (years) 44.0=105 47.0=118 50.0+124 508:+128 586+125
BMI (kg/m?) 213217 225=23 245+28 269+26 23931
Systolic blood pressure (mmHg) 115.1+88 1224104 127.7%82 1321249 151.7£166
Diastolic blood pressure (mmHg) 718x75 756277 781274 81.2+64 89.12109
Blood glucose (mg/dl) 926:£13.2 963+154 100.1+196 108.9+25.2 1103 £420
HbAlc (%) 469034 478036 4.894:0.44 501052 5.13£0.95
Total cholesterol {mg/d1) 19374317 195.4£35.8 207.8+38.8 2171372 2103395
Triglycerides (mg/dl) 80,0283 123.4£76.7 168.9+93.2 213941128 150.2+£103.2
HDL-cholesterol {mg/dl} 63.6=127 5284142 459:12.1 432:£122 52.2:+15.3
Drinking

Never-drink (%) 75.8 69.8 716 67.8 63.7

Ex-drinker (%) 1.9 22 2.6 1.5 37

Current drinker (%) 223 280 258 30.7 326
Smoking

Never-smoked (%) 68.8 61.3 578 47.7 57.9

Ex-smoker (%) 9.0 8.4 9.4 10.6 14.0

Current smokKer (%) 222 303 328 497 28.1
Moderate or medication-required

metabolic risk factors (%)

Obesity 4] 121 45.1 91.0 33.1

Triglycerides/HDL cholesterol o] 48.8 829 97.0 51.4

Blood glucose 0 1.5 5.7 171 1.1

Blood pressure 0 37.5 - 663 98.0 97.3

BML, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein.

* Moderate metabolic risk factors were defined as follows: moderate high blood glucose (140 mgjd! < non-fasting blood glucose <200 mg/dl), moderate high blood
pressure (130 < SBP < 140 mmHg and/for 85 < DBP <90 mmHg), moderate dyslipidemia (150 mg/d! < non-fasting triglycerides and/or {(HDL-cholesterol <40 mg/dl in men or
HDL-cholesterol < 50 mg/dl in women), obesity (BMI > 25 kg/m?).

® Medicarion-required metabolic risk factors were defined as follows: high blood glucose (non-fasting blood glucose > 200 mg/d! and/or on medication), high blood pressure
(SBP > 140 mmHg and/or DBP > 90 mmHg and/or on medication).

metabolic risk factors ranged from 1.61 to 2.26 with a statistically ate adjusted HRs were 7.3% and 52.4% for any moderate and
significant increase, The trend in the multivariate-adjusted model medication-required metabolic risk factors, respectively.
was statistically significant (P<0.001) among the five categories of '

metabolic risk factors, although it did not reach statistical signifi- 4. Discussion

cance among the four categories of moderate metabolic risk factors.

These relationships were similar in gender-specific analyses. This 15-year follow-up of a representative Japanese cohort did
Table 3 shows multivariate adjusted HRs and 95%Cls according  not find the statistically significant increase of CVD mortality for

to the three categories of metabolic risk factors (none, any moder-  the moderate metabolic risk factor clustering. In addition, PAF was

ate metabolic risk factors and any medic.ation—.requir‘ec‘l metabqlic relatively small (7.3%) in people with any moderate factors com-
risk factors). Crude HR was 2.98 times higher in participants with  pared with those with any medication-required factors (52.4%).
any moderate metabolic risk factor than in those with none, and To the best of our knowledge, this would be the first report to
multivariate-adjusted HR was 1.82. PAFs calculated by multivari-  ¢lasify the CVD risk of moderate metabolic risk factor clustering,

Table 2
Multivariate adjusted hazard ratios of cardiovascular deaths according to number of moderate or medication-required metabolic risk factors. NIPPON DATASO, 15-year
follow-up.

Number of moderate metabolic risk factors® Any medication-required
metabolic risk factors®
0 1 2 3and 4
Number of participants 1297 1393 683 199 3186
Person-years 19,082 20,148 9835 2883 42,869
Cardiovascular deaths 9 22 17 7 227
Mortality per 1000 person-years 047 1.0 1.73 243 5.30
Crude HR (95%C1) 1 2.32(1.07-5.05) 3.68 (1.64-8.26) 5.17(1.93-13.88) 11.46 (5.88-22.30)
Age and sex adjusted HR (95%CI) 1 1.58 (0.73-3.43) 1.92 (0.85-4.31) 2.04(0.76-5.49) 2.70(1.38-5.30)
Muitivariate adjusted HR® (95%Cl) 1 1.61(0.74-3.50) 2.02{0.90-4.54) 2.26(0.84-6.10) 2.88(1.47-5.65)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; HR, hazard ratio; Cl, confidence interval.

* Moderate metabolic factors were defined as follows: moderate high blood glucose (140 mg/di < non-fasting blood glucose <200 mg/dl), moderate high blood pres-
sure (130 =SBP <140 mmHg andfor 85 <DBP <90 mmHg), moderate dyslipidemia (150 mg/dl < non-fasting triglycerides andjor (HDL-cholesterol <40 mg/d! in men or
HDL-cholesterol < 50 mg/d! in women), obesity {(BMI = 25 kg/m?).

b Medication-required metabolic factors were defined as follows: high blood glucose (non-fasting blood glucose > 200 mg/di and/or on medication), high blood pressure
{SBP> 140 mmHg andfor DBP > 90 mmHg andfor on medication).

¢ Multivariate hazard ratios were estimated by Cox proportional hazard model adjusted for sex, age, total cholesterol, smoking habits and drinking habits.
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Table 3
Multivariate adjusted hazard ratios of cardiovascular deaths for having any moderate or medication-required metabolic risk factors. NIPPON DATAS0, 15-year follow-up.
None Any moderate metabolic Any medication-required P for trend
risk factors® metabolic risk factors®
Number of participants 1297 2275 3186
Person-years 19,082 32,866 428,69
Cardiovascular deaths 9 46 227
Mortality per 1000 person-years 0.47 1.40 530
Crude HR (95%Cl) 1 2.98(1.46-6.09) 11.46 (5.88-22.30) <0.001
Age and sex adjusted HR (95%C1) 1 1.75 (0.86-3.58) 2,70(1.38-5.29) <0.001
Mutivariate adjusted HR® (95%Cl) 1 1.82 (0.89-3.73) 2.87(1.46-5.64) <0.001

BMI, body mass index; $BP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; HR, hazard ratio; Cl, confidence interval.
* Moderate metabolic factors were defined as follows: moderate high blood glucose (140 mg/di < non-fasting blood glucose <200 mg/d!), moderate high blood pres-
sure (130 <SBP <140mmHg and/or 85 <DBP <90 mmHg). moderate dyslipidemia (150 mg/dl <non-fasting triglycerides and/or (HDL-cholesterol <40 mg/d! in men or

HDL-cholesterol < 50 mg/d! in women), obesity (BMI = 25 kg/m?),

b Medication-required metabolic factors were defined as follows: high blood glucose (non-fasting blood glucose > 200 mg/dl and/or on medication), high blood pressure

(SBP = 140 mmHg and/or DBP > 90 mmHg and/or on medication).

¢ Multivariate hazard ratios were estimated by Cox proportional hazard model adjusted for sex, age, total cholesterol, smoking habits and drinking habits.

especially in Asia, where stroke is the predominant cause of CVD
mortality.

The influence of metabolic syndrome on CVD risk has been
reported [5-11]. McNeil et al. used NCEP criteria and found that
the adjusted HR for coronary heart disease incidence was 1.46 for
men and 2.05 for women, and that for ischemic stroke incidence
was 1.42 for men and 1.96 for women in the Atherosclerosis Risk
in Communities Study {5]. Katzmarzyk et al. investigated the rela-
tionship between metabolic syndrome diagnosed by NCEP criteria
and CVD mortality among 19,223 men in the USA and found that
the adjusted HR was 1.23 [G].Iso et al. reported in a study using the
modified NCEP criteria found that the adjusted HR for the incidence
ofischemic heart disease was 2.4 and that of ischemic stroke was 1.8
among 9087 Japanesein five communities [9]. Ninomiya et al. found
using modified NCEP criteria that the adjusted HR of CVD incidence
among 2452 Japanese in Hisayama Study was 1.86 formenand 1.70
for women [10]. All of these previous studies demonstrate a CVD
risk associated with metabolic syndrome irrespective of the sever-
ity of the individual component. For example, high blood pressure
is defined according to the NCEP criteria as »130/85 mmHg, a value
that covers a range of blood pressure from high-normal to severe
hypertension. However, the CVD risk for individuals with moderate
risk factor clustering, which is not usually treated by medication,
has rarely been reported.

In the present study, moderate metabolic risk factor clustering
tended to increase CVD mortality, however, they were not statisti-
cally significant. Several epidemiological studies have revealed that
the CVD risk factors included in the criteria for metabolic syndrome
are incrementally associated with CVD risk and do not have any
threshold [27,28]. Therefore, combined moderate metabolic risk
factors might increase the CVD risk. Further studies are required to
clarify the relationship of moderate metabolic risk factor clustering
and CVD risk.

In the present study, the prevalence of participants with any
moderate metabolic risk factor was 33.6% and the PAF of moder-
ate metabolic risk factors on CVD mortality was 7.3%. The impact
of moderate metabolic factors on a population should be assessed
by estimating population-attributable risk fraction of moderate
metabolic factors, which has been seldom reported yet. Vasan
et al. investigated the relative contribution of borderline (subop-
timal but below current treatment thresholds) and elevated risk
factors amnong US population using five traditional vascular risk
factors (blood pressure, low-density lipoprotein cholesterol level,
high-density lipoprotein cholesterol, glucose tolerance and smok-
ing status) [29]. They found that the prevalence of the isolated
borderline risk factors decreased with age and ranged from 19%
to 32.6% in men and from 28.6% to 55.2% in women. They also
indicated that isolated borderline risk factors without elevated

risk factors accounted for only about 10% of hard CHD events.
Although different risk factors and different ranges were applied in
their study, their results would be comparable to our results. Our
smaller PAF in people with moderate metabolic risk factors would
be partly due to smaller range of moderate BP elevation (SBP/DBP
130-139/85-89 mmHg) in the criteria of metabolic syndrome.

The present study indicated that HR of CVD deaths was near 3-
folds among participants with any medication-required metabolic
risk factor and their PAF was over 50%. Previous studies have shown
that almost 80% of patients with coronary heart disease had at
least one major risk factor [30,31]. Our findings among participants
with any medication-required metabolic risk factors were compa-
rable with these results and emphasize the importance of focusing
upon individuals with any severe risk factor to prevent CVD. The
statement of the American Heart Association and National Heart,
Lung and Blood Institute recommends that established risk factors
such as elevated blood pressure > 140/90 mmHg and elevated glu-
cose>HbAlc 7% should be medicated in addition to undergoing
therapeutic lifestyle changes [ 17]. However, many people with any
medication-required metabolic risk factor are neither yet detected
nor controlled. Further efforts are required to identify and control
established risk factors.

Several limitations should be noted about this study. Firstly,
analysis of non-fasting blood samples and no consideration of treat-
ment for dyslipidemia might have resulted in misclassifications of
serological abnormalities. Secondly, we used BMI because infor-
mation about waist circumnference was unavailable, Since waist
circumference might more precisely enhance the effect of obesity
on CVD than BMI, we might have under- or overestimated the effect
of obesity. However, BMI is closely related to waist circumference.

In conclusion, we did not find the statistically significant
increase of CVD mortality for moderate metabolic risk factor clus-
tering in a representative Japanese population. Further studies are
required to clarify the relationship of moderate metabolic risk fac-
tor clustering and CVD risk. In addition, its attribution to CVD
deaths was relatively small compared with having any medication-
required risk factors in this Asian population. People with moderate
metabolic risk factors should modify their lifestyle mainly toreduce
weight, but more efforts would be required to detect and control
medication-required risk factors for CVD prevention.
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