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Several previous studies also reported that CVD risk was
high in both smokers and non-smokers with clustering of
metabolic risk factors [17]. Therefore, it is important to
elucidate the attribution of obesity, metabolic syndrome,
and smoking to CVD mortality in Asia, where obesity is
still less common compared with Western countries.

The purpose of this report is to examine excess CVD
deaths and population attributable fractions on CVD
deaths by the combination of smoking and metabolic syn-
drome (or obesity) in a 15-year cohort study of randomly
selected representative Japanese samples from the
National Survey on Circulatory Disorders of Japan.

Methods

Participants and follow-up

Cohort studies of the National Survey on Circulatory Dis-
orders of Japan comprise the National Integrated Project
for Prospective Observation of Non-communicable Dis-
ease and Its Trends in the Aged (NIPPON DATA). Base-
line surveys for the cohort of this report were performed
in 1990 (NIPPON DATA90) [18,19]. We analyzed the 15-
year follow-up data of NIPPON DATA90 in this report.

A total of 8383 men and women aged 2 30 years from
300 randomly selected districts were participated in the
survey in 1990. The baseline surveys were carried out at
local public health centers. The participation rate in the
baseline survey was 76.5%. The present study was for
7329 participants aged 30 to 70 years at baseline. From
these participants, we excluded 379 participants who had
a history of coronary heart disease or stroke (n = 249) or
who had missing information in the baseline survey (n =
130). Thus, 6650 participants (2752 men and 3898
women) were eligible for the analyses.

NIPPON DATA90 has completed follow-up surveys
until 2005. We used the National Vital Statistics data to
indentify the cause of death. The underlying causes of
death in the National Vital Statistics were coded accord-
ing to the 9% International Classification of Disease (ICD-
9) until the end of 1994 and according to the 10% Interna-
tional Classification of Disease (ICD-10) from 1995.
Deaths from any CVD were identified by ICD-9 codes
(393-459) and ICD-10 codes (100-199). The details of the
classification are described elsewhere [18,19]. The Insti-
tutional Review Board of Shiga University of Medical Sci-
ence (NO.12-18, 2000) approved the study.

Biochemical and physical examinations

Public health nurses obtained data including smoking
habit, as well as current health status and medical history.
Public health nurses asked all participants about current
smoking status (current smoking, past smoking and
never-smoking), the number of cigarettes per day and the
duration of smoking. Smoking habit was categorized into
non-smoker, past smoker and current smoker. Drinking
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habit was categorized into non-drinker, past drinker,
occasional drinker and daily drinker. Body mass index
was calculated as weight divided by height squared (kg/
m?).

Non-fasting blood samples were obtained at the base-
line survey. The serum was separated and centrifuged
soon after blood coagulation. Plasma samples were col-
lected in siliconized tubes containing sodium fluoride
and shipped to one laboratory (SRL, Tokyo, Japan) for
blood measurements. Plasma glucose was measured
enzymatically. Serum triglycerides and total cholesterol
were also measured enzymatically, and high density lipo-
protein (HDL) cholesterol was measured after heparin-
calcium precipitation [20].

We defined metabolic risk factors using the Japanese
criteria of the metabolic syndrome [21,22] as follow: obe-
sity as body mass index = 25 kg/m?; high blood pressure:
BP > 130/85 mm Hg or on treatment for hypertension;
high blood glucose: serum glucose = 110 mg/dl or on
treatment for diabetes; dyslipidemia: serum triglyceride 2
150 mg/dl, HDL cholesterol < 40 mg/dl or on treatment
for dyslipidemia. We defined the metabolic syndrome as
having obesity (defined as body mass index = 25 kg/m?)
and two or more other metabolic risk factors; the defini-
tion was modified from the Japanese criteria [22] where
the presence of obesity is essential. We defined metabolic
risk factors clustering as having two or more metabolic
risk factors.

Statistical analysis

Multivariate-adjusted hazard ratios (HR) of all CVD
deaths for each component of metabolic risk factors
including BMI, systolic BP (SBP), triglyceride, glucose,
HDL cholesterol were calculated using Cox proportional
hazards models. Multivariate-adjusted HR for all CVD
deaths according to metabolic risk factors and smoking
categories were calculated using Cox proportional haz-
ards models adjusted for age and drinking. Non-smokers
without metabolic syndrome or obesity were set as the
reference group.

Population attributable fractions (PAF) for CVD deaths
due to the combination of smoking and metabolic syn-
drome (or obesity) were calculated based on hazard ratios
assessed by proportional hazards models [23,24]. PAF
was estimated as pd x (HR-1)/HR where pd is the propor-
tion of death cases arising from the each categories. All
analyses were performed by SAS 9.1 (Statistical Analysis
System, Cary, NC).

Results

Baseline characteristics are shown in Table 1, Mean age at
baseline was 49.9 years in men and 49.0 years in women.
Mean body mass index was 23.1 kg/m? in men and 22.9
kg/m?2 in women. Smoking rate was 58.0% in men and
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Table 1: Baseline characteristics of study population. NIPPON
DATA90, men and women aged 30 to 70 years in 1990.

Men Women

Number (N) 2752 3898
Age (year) 499 112 490 +11.3
BMI (kg/m?) 231 #3.0 225 £33
SBP (mmHg) 1362 195 1313 199
DBP (mmHg) 838 %117 794 *11.8
Total cholesterol (mg/dl) 199.6 +36.6 2055 380
HDL cholesterol (mg/dl) 504 x15.0 575 *149
Triglyceride (mg/dl) 151.8 +1088 1191 =%79.8
Blood glucose (mg/dl) 1020 *334 101.1 +289
Drinking

Non drinker 921  335% 3572 91.6%

Ex-drinker 141 5.1% 39 1.0%

Current drinker 1690 61.4% 287 74%
Smoking

Never smoker 556 20.2% 3431 88.0%

Ex-smoker 601 21.8% 94 24%

Current smoker 1595 58.0% 373 9.6%
Obesity 689 25.1% 912 23.4%
High blood pressure 1840 669% 2119 544%
High blood glucose 578 21.0% 829  21.3%
Dyslipidemia 1280 46.5% 1094 28.1%

Values are number, %, or mean £ SD.

High blood pressure, BP = 130/85 mmHg or on treatment of
hypertension; high blood glucose, blood glucose= 110 mg/di or on
treatment of diabetes; dyslipidemia as triglyceridez 150 mg/dl or
high density lipoprotein < 40 mg/dl or on treatment of dyslipidemia.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HDL, high density lipoprotein.

9.6% in women. The prevalence of hypertension and obe-
sity were 66.9% and 25.1% in men and 54.4% and 23.4% in
women.

During 15 years of follow-up, 87 men and 61 women
died due to CVD (37 men and 22 women died due to
stroke and 30 men and 8 women died due to coronary
heart disease). Table 2 shows HRs of CVD death for each
component of metabolic risk factors including all factors
in a model, simultaneously. It showed that current smok-
ing, past-smoking, SBP and glucose were significant risk
factors of CVD mortality. Table 3 shows adjusted HRs
and PAFs for CVD deaths according to the combination
of obesity and smoking status. Irrespective of obesity,
smoking and CVD mortality in both men and women
were positively related. HRs (95% confidence interval
[CI]) for non-obese smokers was 3.13 (1.33 to 7.36) in
men and 4.32 (1.99 to 9.37) in women compared with

Page3 of 2

Table 2: Adjusted HR for 1 standard deviation increasing In the
continuous variables and sex, smoking and drinking habits for
mortality from cardiovascular diseases.

Adjusted hazard

ration (95%Cl}
Current -smoker 345 (2.12 -5.60)
Past-smoker 204 (111 -375)
Body mass index {1 SD increasing) 099 (0.83 -1.18)
Systolic blood pressure (1 SD increasing) 132 (113 -1.54)
Triglyceride (1 SD increasing)* 085 (069 -1.04)
High density lipoprotein cholesterol (1 SD 093 (076 -1.11)
increasing)
Glucose (1 SD increasing) 110 (1.00 -124)
Female 1.00 (061 -1.64)

This Cox model also includes age, and drinking habit,
# The variable was tested after log-transferred.

non-obese, non-smokers. Estimated numbers of excess
CVD deaths (and PAF component) in the non-obese
smokers and obese smokers were 32.0 (36.8%), and 7.9
(9.1%) in men and 6.9 (11.3%) and 3.2 (5.2%) in women.
The sum of the estimated number of excess CVD deaths
(PAF) due to smoking and/or obesity was 49.3 (56.9%) in
men and 15.3 (25.1%) in women.

Table 4 shows adjusted HRs and PAF components due
to combination of smoking status and metabolic syn-
drome. Compared to non-smokers without metabolic
syndrome, adjusted HRs (95% CI) for CVD deaths was
higher in smokers with and without metabolic syndrome
(HR 3.19 [1.13 to 9.03] and 3.47 [1.48 to 8.12] in men; 4.94
[1.52 to 16.09] and 3.63 [1.75 to 7.50] in women, respec-
tively). PAFs for CVD mortality in smokers with and
without metabolic syndrome were 7.1% and 40.9% in men
and 3.9% and 11.9% in women, respectively. The sum of
PAF components due to smoking and/or metabolic syn-
drome was 60.4% in men and 17.0% in women.

Table 5 shows adjusted HRs and PAF components due
to the combination of smoking status and clustering of
metabolic risk factors. Compared to non-smokers with-
out metabolic risk factor clustering, adjusted HRs (95%
CI) for CVD death in smokers with and without meta-
bolic risk factor clustering were 5.85 (1.40 to 24.38) and
4.17 (0.98 to 17.71) for men, and 5.86 (2.41 to 14.23) and
4.56 (1.62 to 12.87) for women, respectively. PAF compo-
nents for CVD mortality in non-smokers with metabolic
risk factors clustering, smokers without metabolic risk
factors clustering and smokers with metabolic risk factors
clustering were 2.8%, 20.1% and 34.3% for men, and
18.7%, 6.4% and 10.9% for women, respectively.
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Table 3: Hazard ratio and population attributable fraction for cardiovascular disease deaths according to the combination of smoking status and obesity*: NIPPON DATA90

Number of Person-years of CVD CVD mortality rate  Adjusted hazard ratio (95% Cl)t Estimatedexcess PAF compenent for
participants follow-up deaths(n)  (per 1,000 person- CVD deaths (n) CVD deaths (%)
years)
Men
Non smoker  Non-obese 420 5938 6 1.01  1.00
Obese 136 1988 1 0.50 0.67 (0.08 -5.53) - o
Pastsmoker  Non-obese 431 6116 16 262 193 (0.75 -4.96) 7.7 8.8
Obese 170 2414 5 207 152 046 -4.99) 1.7 20
Smoker Non-obese 1212 16780 47 280 3.13 (1.33 -7.36) 32.0 36.8
Obese 383 5277 12 227 292 (1.09 -7.82) 7.9 9.1
Women
Nonsmoker  Non-obese 2,638 37960 29 0.76 1.00
Obese 793 11256 17 151 134 0.74 -245) 4.3 7.1
Pastsmoker  Non-obese 66 843 1 119 143 0.19 -10.61) 0.3 0.5
Obese 28 383 1 2.61 246 (0.33 -18.09) 0.6 1.0
Smoker Non-obese 282 3889 9 231 432 (199 -9.37) 6.9 11.3
Obese 91 1224 4 3.27 474 (1.66 -13.58) 3.2 52

*QObesity was defined as body mass index > 25 kg/m2
‘tHazard ratios were adjusted for age and drinking.
CVD, cardiovascular diseases; PAF, population attributable fraction; Cl, confidence interval.
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Table 4: Hazard ratio and population attributable fraction for cardiovascular disease deaths according to the combination of smoking status and metabolic
syndrome: NIPPON DATA20.

Metabolic Number of Person-yearsof CVDdeaths(n] CVDmortality Adjusted hazard ratio(95%Cl}+  Estimated excess PAF component for
syndrome* participants follow-up rate {per 1,000 CVD deaths (n) CVD deaths (%)
person-years)

Men
Non smoker - 480 6817 6 0.88 1.00
+ 76 1109 1 0.90 132 0.16 -10.97) 0.2 0.3
Past smoker - 494 7036 18 2.56 2.13 (0.84 -539) 9.5 11.0
+ 107 1494 3 2.01 1.49 037 -6.01) 1.0 1.1
Smoker - 1343 18620 50 2.69 347 (148 -8.12) 35.6 409
+ 252 3437 9 2.62 3.19 (113 -9.03) 6.2 7.1
Women
Non smoker - 3,034 43585 38 0.87 1.00
+ 397 5631 8 142 0.83 (038 -1.78) - -
Past smoker - 81 1042 1 0.96 1.06 0.15 -7.81) 0.05 0.1
+ 13 184 1 5.45 2.98 0.41 -21.79) 0.6 1.1
Smoker - 336 4627 10 2.16 3.63 (1.75 -7.50) 7.2 11.9
+ 37 486 3 6.17 4.94 (1.52 -16.09) 24 39

*Metabolic syndrome were defined as follows: obesity (body mass index = 25 kg/m?) plus any two of the following three factors: high blood pressure as blood pressure > 130/85 mmHg or on
treatment of hypertension, high blood glucose as blood glucose = 110 mg/dl or on treatment of diabetes, dyslipidemia as triglyceride = 150 mg/di or high density lipoprotein cholesterol <46 mg/
dl or on treatment of dyslipidemia.

‘tHazard ratios were adjusted for age and drinking.

CVD, cardiovascular diseases; PAF, population attributable fraction; Cl, confidence interval.
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Table 5: Hazard ratio and population atiributable fraction for cardiovascular disease deaths according to the combination of smoking status and clustering of
metabolic risk factors: NIPPON DATAS0.

Clustering of Number of Persen-years of cvD CVD mortality Adjusted hazard ratio (95% Cl) T Estimated  PAF component for
metabolic risk participants follow-up deaths (n) rate (per 1,000 excess CVD CVYD deaths (%)
factors® person-years) deaths (n)
Men
Non smoker Oor1 281 4002 2 0.50 1.00
2< 275 3924 5 1.27 1.94 (0.38 -10.00) 24 2.8
Past smoker Qor1 282 4084 7 171 241 (0.50 -11.65) 4.1 4.7
2< 319 4446 14 315 337 (0.76 -14.96) 9.8 1.3
Smoker Oort 819 11465 23 2.01 417 098 -17.71) 17.5 20.1
2< 776 10592 36 340 5.85 (1.40 -24.38) 29.8 343
Women
Non smoker Oorl 2,117 30554 14 0.46 1.00
2g 1314 18661 32 1.71 1.55 (0.82 -2.95) 114 18.7
Past smoker Oor1 54 698 0 - - - —
2< 40 527 2 3.79 3.08 0.69 -13.81) 14 22
Smoker Oorti 222 3098 5 1.61 4.56 (1.62 -12.87) 3.9 6.4
2< 151 2016 8 3.97 5.86 (241 -14.23) 6.6 10.9

*Metabolic risk factors were any of the following four factors: obesity (body mass index = 25 kg/m?), high blood pressure as blood pressure = 130/85 mmHg or on treatment of hypertension, high

blood glucose as blood glucose > 110 mg/dl or on treatment of diabetes, dyslipidemia as triglyceride = 150 mg/di or high density lipoprotein cholesterol < 40 mg/dl or on treatment of dyslipidemia.

+Hazard ratios were adjusted for age and drinking.
CVD, cardiovascular diseases; PAF, population attributable fraction; Cl, confidence interval.
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Discussion

The present report of a representative Japanese cchort
showed that the majority of excess CVD deaths were
observed in smokers without metabolic syndrome. The
PAF component of CVD deaths in smokers without met-
abolic syndrome were 5 times higher than those in partic-
ipants with metabolic syndrome in men (40.9% vs. 8.5%).
The HR of CVD deaths in smokers without metabolic
syndrorme were also higher than non-smokers without
metabolic syndrome, and it was similar to the HR in
smokers with metabolic syndrome (3.47 vs. 3.19).

In Asian countries including Japan, there has been a
rise in metabolic syndrome [7,25]. In these areas, preva-
lence of smoking has been higher than that in Western
countries and smoking rates has been still increasing in
younger women [14]. Previous studies have reported that
obesity and smoking are risk factors for CVD [5,6,10,11].
The association of clustering of metabolic risk factors,
including hyperglycemia, dyslipidemia, and hyperten-
sion, with CVD risk has also been widely reported
[1,4,17,18]. Furthermore, a previous study from Japan
reported that the effect of risk factor accurnulation on
CVD incidence was more evident among smokers than
non smokers [17]. However, these previous reports did
not show the attribution of the combination of smoking
and metabolic syndrome (or obesity) to CVD events. To
our knowledge, this is the first report showing that the
majority of excess CVD deaths occurred in smokers with-
out metabolic syndrome in a Asian population. A
strength of our report is that the study was conducted ina
15-year cohort of nationwide representative Japanese
samples.

In Japan, new health checkups and healthcare advice
focusing on the metabolic syndrome to prevent CVD
began in April 2008 through health insurance providers
[7]. Our results support the necessity of intervention for
people with metabolic syndrome because these people
appear to be at higher CVD risk; however, PAF compo-
nent in men and in women with metabolic syndrome
were only 8.5% and 5.0%, respectively. On the other hand,
the present study indicated that PAFs among smokers
without metabolic syndrome were 40.9% in men and
11.9% in women; who are not the target population of the
new health educational program in Japan. Moreover, not
only PAF but also HR of smokers without metabolic syn-
drome was substantially higher. Thus the program might
overlook a large population at an increased risk of CVD.
Activities of smoking cessation for non-obese people
would be still important for the prevention of CVD in
Japan.

In the present study, we examined the association
between each component of metabolic risk factors and
CVD death. We conformed that current and past smok-

Page70of9

ing, SBP and glucose were significant risk factors of CVD
mortality in our study participants. Several previous
reports revealed that clustering of metabolic risk factors
increases CVD risk, irrespective of the presence of obe-
sity [17,18]. When obesity was dealt with one of meta-
bolic risk factors (not an essential factor) in the present
study (Table 5), the PAF in smokers with metabolic risk
factor clustering got larger in men (34.3%). However,
even for smokers without metabolic risk factors cluster-
ing in the present study, PAF was 20.1% in men. This
finding indicated that even if obesity is not essential for
the diagnostic criteria of metabolic syndrome like the
National Cholesterol Education Program (NCEP) [26], an
intervention for smokers without clustering of metabolic
risk factors would be also important for the prevention of
CVD.

This study has several limitations. First, we used non-
fasting blood samples and thus we might have misclassi-
fied several individuals with diabetes and dyslipidemia.
Second, we used body mass index 2 25 kg/m? to define
obesity and thus we might have misclassified individuals
with abdominal obesity with higher waist circumference.
However, this limitation would be ignorable because the
correlation between BMI and waist circumstance is usu-
ally high enough. The cut-off point of body mass index
for Japanese [21] is different from that for Asia-Pacific
Region in the WHO definition (body mass index = 23 kg/
m?) [27], which may underestimate the PAF in Asian peo-
ple. Third, we did not adjust for socioeconomic status in
this study. However, all Japanese are covered by the
national health insurance program and socioeconomic
status would not limit access to treatment in Japan.
Fourth, in this study, we used information on smoking
habit from self-reported smoking history; this may cause

recall and information biases. Fifth, the numbers of par-

ticipants or CVD events were not enough to analyze
according to the number of cigarettes per day; therefore,
we did not consider the intensity of smoking in this paper.

Conclusions

In conclusion, this long-term cohort study of representa-
tive Japanese samples indicated that CVD mortality in
smokers without metabolic syndrome or without obesity
was substantially high and a large proportion of excess
deaths were observed in these groups. These findings
suggest that intervention targeting on smokers, irrespec-
tive of the presence of metabolic syndrome (or obesity), is
still important for the prevention of CVD death in rela-
tively lean Japanese population with high smoking rate,
This could apply to other Asian populations with high
smoking rate but with lower prevalence of obesity com-
pared with Western populations.



Takashima et al. BMC Public Health 2010, 10:306
http://www.biomedcentral.com/1471-2458/10/306

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

All authors contributed to the concept, design, analysis, interpretation of data,
and preparation of the manuscript. All authors read and approved the final
manuscript.

Acknowledgements

The authors thank all public health centers that cooperated with our study.
List of the NIPPON DATA90 Research Group

Chairperson: Hirotsugu Ueshima (Department of Health Science, Shiga Univer-
sity of Medical Science, Otsu, Shiga).

Research members: Akira Okayarna (The First Institute for Health Promotion
and Health Care, Japan Anti-Tuberculosis Association, Tokyo), Kazunori Kodama
and Fumiyoshi Kasagi (Radiation Effects Research Foundation, Hiroshima),
Shigeyuki Saitoh (Department of 2nd Internal Medicine, Sapporo Medical Uni-
versity, Sapporo, Hokkaido), Kiyomi Sakata (Departrment of Hygiene and Pre-
ventive Medicine, lwate Medical University, Morioka, lwate), Yoshikazu
Nakamura (Departrent of Public Health, Jichi Medical University, Shimotsuke,
Tochigi), Yoshikuni Kita (Departrnent of Health Science, Shiga University of
Medical Science, Otsu, Shiga), Tomonori Okamura (Department of Preventive
Cardiology, National Cardiovascular Center, Suita, Osaka), Koji Tamakoshi
(Department of Public Health and Health Information Dynamics, Nagoya Uni-
versity Graduate School of Medicine, Nagoya, Aichi), Yasuyuki Nakamura (Car-
diovascular Epidemiology, Kyoto Women's University, Kyoto), Yutaka Kiyohara
(Department of Environmental Medicine, Kyushu University, Fukuoka), Yasuhiro
Matsumura (Faculty of Healthcare, Kiryu University, Midori City, Gunma), Katsu-
shi Yoshita (Project for the Naitonal Health and Nutrition Survey, National Insti-
tute of Health and Nutrition, Tokyo), Hideaki Nakagawa (Departrment of
Epiderniology and Public Health, Kanazawa Medical University, Ishikawa), Take-
hito Hayakawa (Departrnent of Hygiene and Preventive Medicine, Fukushima
Medical University, Fukushima), Katsuyuki Miura (Department of Health Sci-
ence, Shiga University of Medical Science, Otsu, Shiga), Toshiyuki Ojima
{Department of Community Health and Preventive Medicine, Hamamatsu Uni-
versity School of Medicine, Hamamatsu, Shizuoka), Nagako Okuda (Depart-
ment of Health Science, Shiga University of Medical Science, Otsu, Shiga),
Atsushi Hozawa (Division of Epidemiology, Department of Public Health and
Forensic Medicine, Tohoku University School of Medicine, Sendai, Miyagi).
Role of Sponsor: The sponsors did not participate in the design or conduct of
the study; the collection; management, analysis, and interpretation of the
study; or the preparation, review, or approval of the manuscript.

Funding: This study was supported by the grant-in-aid of the Ministry of Health
and Welfare under the auspices of Japanese Association for Cerebro-cardiovas-
cular Disease Control, the Research Grant for Cardiovascular Diseases (7A-2)
from the Ministry of Health, Labour and Welfare and a Health and Labour Sci-
ences Research Grant, Japan (Comprehensive Research on Aging and Health:
H11-chouju-046, H14-chouju-003, H17-chouju-012 and H19-chouju-014).

Author Details

Department of Health Science, Shiga University of Medical Science, Seta
Tsukinowa-cho, Otsu, Shiga 520-2192, Japan, 2Department of Public Health,
Yamagata University School of Medicine, lida Nishi 2-2-1, Yarmagata, Yamagata,
990-9585, Japan, 3Department of Preventive Cardiology, National
Cardiovascular Center, Fujishirodai 5-7-1, Suita, Osaka, 565-8565, Japan, 4The
Cardiovascular Epidemiology, Kyoto Women’s University,
Imakumanokitahiyoshi-cho35, Kyoto, Kyoto, 605-8501, Japan, SDepartment of
Hygiene and Preventive Medicine, Fukushima Medical University, Hikarigaokal,
Fukushima, Fukushima, 960-1295, Japan and éThe First Institute for Health
Promotion and Health Care, Japanese Anti-Tuberculosis Association, Misaki-
cho1-3-12, Chiyoda, Tokyo, 101-061, Japan

Received: 29 September 2009 Accepted: 3 June 2010
Published: 3 June 2010

References

1. Crigui MH, Barrett-Connor E, Holdbrook MJ, Austin M, Turner JD:
Clustering of cardiovascular disease risk factors. Prev Med 1980,
9:525-33.

13.

14,

15.

18.

22,

23

24,

Page 80f 9

Reaven GM: Banting lecture 1988. Role of insulin resistance in human
disease. Diabetes 1988, 37:1595-607.

Kaplan NM: The deadly quartet. Upper-body obesity, glucose
intolerance, hypertriglyceridemia, and hypertension. Arch Intern Med
1989, 149:1514-20.

DeFronzo RA, Ferrannini E: Insulin resistance. A multifaceted syndrome
responsible for NIDDM, obesity, hypertension, dyslipidemia, and
atherosclerotic cardiovascular disease. Diabetes Care 1991, 14:173-94.
World Health Organization: Obesity: preventing and managing the
global epidemic. Report of a WHO consultation. Geneva, Switzerland:
World Health Organization; 2004.

Melanson KJ, Mcinnis KJ, Rippe JM, Blackburn G, Wilson PF: Obesity and
cardiovascular disease risk: research update. Cardiol Rev 2001, 9:202-7.
Annual Report on Health Labour Welfare. Tokyo Japan Ministry of
Health Labour and Welfare; 2007. (in Japanese)

Lakier JB: Smoking and cardiovascular disease. Am.JMed 1992,
93:85-125.

Ueshima H, Choudhury SR, Okayama A, Hayakawa T, Kita Y, Kadowaki T,
Okamura T, Minowa M, limura O: Cigarette smoking as a risk factor for
stroke death in Japan: NIPPON DATA80. Stroke 2004, 35:1836-41.

Higa M, Davanipour Z: Smoking and stroke. Neuroepidemiology 1991,
10:211-22.

. Seltzer CC: Framingham study data and "established wisdom" about

cigarette smoking and coronary heart disease. J Clin £pidemiol 1989,
42:743-50.

Murakami Y, Ueshima H, Okamura T, Kadowaki T, Hozawa A, Kita Y,
Hayakawa T, Okayarna A: Life expectancy among Japanese of different
smoking status in Japan: NIPPON DATA80. J Epidemiol 2007, 17:31-7.
Ueshima H, Sekikawa A, Miura K, Turin TC, Takashima N, Kita Y, Watanabe
M, Kadota A, Okuda N, Kadowaki T, Nakamura Y, Okamura T:
Cardiovascular Disease and Risk Factors in Asian: A Selected Review.
Circulation 2008, 118:2702-2709.

Brundtland GH: The Tobacco Atlas. Geneva Switzerland the World Health
Organization; 2002.

Health and Welfare Statistics Association; Journal of Health and Welfare
Statistics. Tokyo Japan Health and Welfare Statistics Association. 2007.
(in Japanese)

Martiniuk AL, Lee CM, Lam TH, Huxley R, Suh |, Jamrozik K, Gu DF,
Woodward M, Asia Pacific Cohert Studies Collaboration: The fraction of
ischaemic heart disease and stroke attributable to smoking in the
WHO Western Pacific and South-East Asian regions. Tob Control 2006,
15:181-8. .

Iso H, Sate S, Kitamura A, Imano H, Kiyama M, Yamagishi K, Cui B, Tanigawa
T, Shimamoto T: Metabolic syndrome and the risk of ischemic heart
disease and stroke among Japanese men and women. Stroke 2007,
38:1744-51.

Kadota A, Hozawa A, Okamura T, Kadowaki T, Nakmaura K, Murakami Y,
Hayakawa T, Kita Y, Okayama A, Nakamura Y, Kashiwagi A, Ueshima H:
Relationship between metabolic risk factor clustering and
cardiovascular mortality stratified by high blood glucose and obesity:
NIPPON DATAS0, 1990-2000. Diabetes Care 2007, 30:1533-8.

Okamura T, Hayakawa T, Kadowaki T, Kita Y, Okayama A, Ueshima H,
NIPPON DATAS0 Research Group: The inverse relationship between
serum high-density lipoprotein cholesterol level and all-cause
mortality in a 9.6-year follow-up study in the Japanese general
population. Atherosclerosis 2006, 184:143-50.

. Nakamura M, Sato S, Shimamoto T: Improvement in Japanese clinical

laboratory measurements of total cholesterol and HDL-cholesterol by
the US Cholestero! Reference Method Laboratory Network. J
Atheroscler Thromb 2003, 10:145-153.

. Examination Committee of Criteria for 'Obesity Disease' in Japan; Japan

Society for the Study of Obesity: New criteria for ‘obesity disease’ in
Japan. CircJ2002, 66:987-92.

Committee to Evaluate Diagnostic Standards for Metabolic Syndrome:
Definition and the diagnostic standard for metabolic syndrome--
Committee to Evaluate Diagnostic Standards for Metabolic Syndrome.
Nippon Naika Gakkai Zasshi 2005, 94:794-809. (in Japanese)

Rockhili B, Newman B, Weinberg C: Use and misuse of population
attributable fractions. Am JPublic Health 1998, 88:15-9.

Hozawa A, Okamnura T, Murakami Y, Kadowaki T, Nakamura K, Hayakawa T,
Kita Y, Nakamura Y, Abbott RD, Okayamna A, Ueshima H: Joint impact of
smoking and hypertension on cardiovascular disease and all-cause



Takashima et al. BMC Public Health 2010, 10:306
http://www biomedcentral.com/1471-2458/10/306

mortality in Japan: NIPPON DATA80, a 19-year follow-up. Hypertens Res
2007, 30:1169-75,

25. World Health Organization: World Health Statistics 2007. Geneva,
Switzerland: World Health Organization; 2007.

26. Executive summary of the Third Report of the National Cholesterol
Education Program (NCEP): Expert Panel on Detection, Evaluaticn, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel
1), JAMA 2001, 285:2486-2497.

27. Choo V: WHO reassesses appropriate body-mass index for Asian
populations. Lancet 2002, 360:235.

Pre-publication history
The pre-publication history for this paper can be accessed here:

http//www hiomedcentral.com/1471-2458/10/306/nrepub

doi: 10.1186/1471-2458-10-306

Cite this article as: Takashima et al, Population Attributable Fraction of
Sroking and Metabolic Syndrome on Cardiovascular Disease Mortality in
Japan: a 15-Year Follow Up of NIPPON DATAS0 BMC Public Heaith 2010,
10:306

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

e Co ient online suk

« Thorough peer review

o Mo space consfraints or color figure charges

o Immediate publication on acceptance

o Inclusion in PubMed, CAS, Scopus and Google Scholar
© Research which is frealy available for redistribution

Submit your manuscript at )
www.biomedcentral.com/submit ( Bioffled Central




Atherosclerosis 215 (2011) 209-213

ELSEVIER

journal homepage: www.elsevier.com/locate/atherosclerosis

Contents lists available at ScienceDirect

Atherosclerosis

Relationship of moderate metabolic risk factor clustering to cardiovascular
disease mortality in non-lean Japanese: A 15-year follow-up of NIPPON DATA90

Aya Kadota®P*, Katsuyuki Miura?, Tomonori Okamura®, Atsushi Hozawa4, Yoshitaka Murakami?,
Akira Fujiyoshi?, Naoyuki Takashima?, Takehito Hayakawa¢, Yoshikuni Kita?, Akira Okayama,
Yasuyuki Nakamura$, Hirotsugu Ueshima?, for the NIPPON DATA90 Research Group!

A Department of Health Science, Shiga University of Medical Science, Otsu, Japan

b Department of Internal Medicine, Shiga University of Medical Science, Otsu, Japan

¢ Department of Preventive Medicine and Public Health, Keio University, Tokyo, Japan

4 Department of Public Health, Yamagata University Graduate School of Medicine, Yamagata, Japan
¢ Department of Hygiene and Preventive Medicine, Fukushima Medical University, Fukushima, Japan
f The First Institute of Health Service, Japan Anti-Tuberculosis Association, Tokyo, Japan

8 Cardiovascular Epidemiology, Kyoto Women's University, Kyoto, Japan

ARTICLE INFO

Article history:

Received 10 December 2009
Received in revised form

21 November 2010

Accepted 25 November 2010
Available online 4 December 2010

Keywords:

Metabolic risk factor
Cardiovascular disease
Mortality
Epidemiology

1. Introduction

ABSTRACT

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 all over the country
who had no history of CVD for 15 years. The multivariate-adjusted hazards ratio (HR) and 95% con-
fidence interval {C1) 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/dl < 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 nof 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 metabolic risk 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.

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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Tel.: +81 77 548 2191, fax: +81 77 543 9732,
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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



210 A. Kadota et al. / Atherosclerosis 215 (2011) 209-213

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 DATAS0)
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 DATA80 baseline survey.

A total 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 > 25 kg/m?), moderate high blood pressure (130 <systolic
blood pressure [SBP]<140mmHg and/or 85 <diastolic blood
pressure [DBP] < 90 mmHg), dyslipidemia (150 mg/dl < non-fasting
triglycerides and/or HDL-cholesterol<40mg/dl for men, and
<50 mg/d! 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/dl
and/or medication), high blood pressure (SBP > 140 mmHg and/or
DBP>90 mmHg and/or 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 y?-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 11.0] (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 >30 years according to number of moderate or medication-required metabolic risk factors. NIPPON DATAS0,

15-year follow-up.

Baseline characteristics

Number of moderate metabolic risk factors?

Any medication-required

metabolic risk factors?
0 1 2 3and4

Number of participants 1297 1393 683 199 3186
Women (%) 69.1 58.8 56.5 45.7 54.5
Age (years) 440+105 47.0+118 500124 50.8+12.8 58.6:+125
BMI (kg/m?) 213417 225423 245428 26.9:+2.6 23.9+31
Systolic blood pressure (mmHg) 11514838 12244104 127.7+82 132.1+49 151.7+£16.6
Diastolic blood pressure (mmHg) 71.8+75 75.6+7.7 78.1+£7.4 81,2464 89.1+10.9
Blood glucose (mg/dl) 92.6+13.2 96.315.4 100.1+19.6 108.9425.2 110.3+42.0
HbAlc (%) 4.69+0.34 4784036 4.89+0.44 5.0140.52 5.1340.95
Total cholesterol (mg/dl) 193.7+31.7 195.4+35.8 207.8+38.8 217.1+37.2 2103+39.5
Triglycerides (mg/dl) 80.0+283 123.4+76.7 168.9+93.2 213.9+112.8 150.24:103.2
HDL-cholestero} (mg/dl) 63.6+12.7 52.8:414.2 45.9+12.1 432+122 5224153
Drinking

Never-drink (%) 75.8 69.8 716 67.8 63.7

Ex-drinker (%) 1.9 22 2.6 15 3.7

Current drinker (%) 223 28.0 25.8 307 326
Smoking

Never-smoked (%) 68.8 61.3 57.8 47.7 57.9

Ex-smoker (%) 9.0 8.4 9.4 10.6 14.0

Current smoker (%) 222 303 32.8 41.7 28.1
Moderate or medication-required

metabolic risk factors (%)

Obesity” 0 12.1 45.1 91.0 331

Triglycerides/HDL cholesterol 0 48.8 82.9 97.0 514

Blood glucose t] 15 57 171 11.1

Blood pressure 0 375 66.3 99.0 973

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

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

b Medication-required metabolicrisk 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).

metabolic risk factors ranged from 1.61 to 2.26 with a statistically
significant increase. The trend in the multivariate-adjusted model
was statistically significant (P<0.001) among the five categories of
metabolic risk factors, although it did not reach statistical signifi-
cance among the four categories of moderate metabolic risk factors.
These relationships were similar in gender-specific analyses.
Table 3 shows multivariate adjusted HRs and 95%Cls according
to the three categories of metabolic risk factors (none, any moder-
ate metabolic risk factors and any medication-required metabolic
risk factors). Crude HR was 2.98 times higher in participants with
any moderate metabolic risk factor than in those with none, and
multivariate-adjusted HR was 1.82. PAFs calculated by multivari-

ate adjusted HRs were 7.3% and 524% for any moderate and
medication-required metabolic risk factors, respectively.

4, Discussion

This 15-year follow-up of a representative Japanese cohort did
not find the statistically significant increase of CVD mortality for
the moderate metabolic risk factor clustering. In addition, PAF was
relatively small (7.3%) in people with any moderate factors com-
pared with those with any medication-required factors (52.4%).
To the best of our knowledge, this would be the first report to
clarify 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 3and4
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 1.09 1.73 243 530
Crude HR (95%CI) 1 2.32 (1.07-5.05) 3.68 (1.64-8.26) 5.17 (1.93-13.88) 11.46 (5.89-22.30)
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)
Multivariate adjusted HR® (95%CI) 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; CI, confidence interval.
3 Moderate metabolic factors were defined as follows: moderate high blood glucose (140 mg/dl < non-fasting blood glucose<200mg/dl), moderate high blood pres-
sure (130 <SBP<140mmHg andjor 85 <DBP<90mmHg), moderate dyslipidemia (150mg/d] < non-fasting triglycerides and/or (HDL-cholesterol <40mg/dl in men or

HDL-cholesterol < 50 mg/dl 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/d! 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.

— 100 —
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Table 3
Multivariate adjusted hazard ratios of cardiovascular deaths for having any moderate or medication-required metabolic risk factors. NIPPON DATASO, 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 2] 46 227
Mortality per 1000 person-years 0.47 1.40 5.30
Crude HR (95%CT) 1 2.98 (1.46-6,09) 11.46 (5.88-22.30) <0.001
Age and sex adjusted HR (95%CI) 1 1.75 (0.86-3.58) 2.70(1.38-5.29) <0.001
Mutivariate adjusted HR® (95%CI) 1 1.82 (0.89-3.73) 2.87 (1.46-5.64) <0.001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; HR, hazard ratio; I, confidence interval.
¢ Moderate metabolic factors were defined as follows: moderate high blood glucose (140 mg/dl<non-fasting blood glucose <200 mg/dl), moderate high blood pres-
sure (130 <SBP<140mmHg andfor 85 <DBP<90mmHg), moderate dyslipidemia (150mg/dl <non-fasting triglycerides andjor (HDL-cholesterol<4Gmg/dl in men or

HDL-~cholesterol < 50 mg/dl 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 mimHg 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]. KatzmarzyKk 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 [6]. Iso et al. reported in a study using the
modified NCEP criteria found that the adjusted HR for the incidence
ofischemic heartdisease was 2.4 and that ofischemic stroke was 1.8
among 9087 Japanese in 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 for men and 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 CVDrisk 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 among 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 > HbA1c 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 circumference 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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Summary

Background: Although prevention of heart failure (HF) is an urgent public health need with
national and global implications, population-based studies are rare.

Methods and results: We studied risk factors for HF and coronary heart disease (CHD) mortality
using the NIPPON DATABO database with a 24-year follow-up. At-the baseline in 1980, data were
collected on study participants aged 30 years and over from randomly selected areas in Japan.
We followed 9300 participants (44% men, mean age 51). Over the 24-year follow-up, there were
189 deaths from HF (82 men and 107 women) and 188 (31 men and 97 women) from CHD. Cox
analyses revealed common and specific risk factors for both mortalities. Common risk factors
were: systolic blood pressure for male HF (hazard ratio: 1.28 per 15D, P=0.02) and for CHD
in both (men: 1.20, P=0.01; women: 1.27, P=0.003), smoking for male CHD (1.31,
P =0.004) and for female HF (1.39, P=0.01), blood sugar for HF and CHD in men (HF: 1.21
per 1SD, P=0.009; CHD: 1.29, P <0.0001); T wave abnormality in male HF (2.33, P=0.003)
and female CHD (1.84, P=0.001). Specific risk factors were: serum creatinine for HF in both
(men: 1.14 per 1SD, P <0.0001, women: 1.09, P=0.01); total cholesterol for CHD in men
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(1.38 per 1SD, P=0.001), history of valvular heart disease (6.48, P= 0.002) or stroke (2.41,
P =0.048) in male HF, and history of angina in female CHD (3.59, P =0.003).

mortality.

Conclusion: Common and specific measures need to be undertaken to prevent HF and CHD

© 2010 World Heart Federation. Published by Elsevier Ltd. All rights reserved.

Introduction

Although the incidence and mortality from coronary heart
disease (CHD) and stroke have been decreasing in Western
industrial countries, the incidence and mortality from heart
failure (HF), common pathways from many roots of heart
diseases, have been increasing [1,2]. Improved care of
acute CHD events and of patients with HF, and aging popu-
lations cause these trends [3,4]. Among industrial countries,
CHD mortality in Japan has been the lowest and the age-
standardized mortality from CHD has been stable for dec-
ades [5]. However, crude mortality from CHD and HF has
been increasing recently in Japan due to the aging of the
population [6,7]. In fact, Japan had the highest proportion
of those aged 65 and older in the world in 2005 [8]. In order
to prevent HF, the risk factors should be clarified. Most of
the knowledge about the risk factors for HF is based on
North American and European studies [4,9,11,12]. Since
HF is a global burden, studies on the risk factors outside
North American and European countries are also needed.
For unbiased information on the risk factors for HF, popula-
tion-based studies are essential; there have been no such
studies outside North American and European countries.

In the present study, we examined risk factors for HF and
CHD mortality using the NIPPON DATA80 database [9—14]
with a 24-year follow-up period.

Methods
Participants

The participants in this cohort were those in the 1980 Na-
tional Survey on Circulatory Disorders [9]. A total of
10,546 community-based participants aged 30years and
over in 300 randomly selected health districts throughout
Japan participated in the survey, which consisted of his-
tory-taking, physical examinations, blood tests and a self-
administered questionnaire on lifestyle. For the present
study, participants were followed up to 2004 (NIPPON
DATA80, 1980—2004). The overall population aged 30 years
and over in the participating health districts was 13,771.
The participation rate was 76.6% (10,546 of 13,771) before
exclusion for reasons mentioned below.

We reviewed the residence records of all the study partic-
ipants for vital status. In fatal cases, the causes were exam-
ined. To clarify the cause of death, we used the National
Vital Statistics records. The underlying cause of death was
coded according to the 9th International Classification of
Diseases for the National Vital Statistics until the end of
1994 and according to the 10th International Classification
of Diseases from the beginning of 1995. Deaths were con-
firmed in each district by computer-matching of data from
the Vital Statistics records using the district, sex, and dates

of birth and death as key codes. Participants were excluded
from follow-up because of missing baseline data (N = 139),
or loss to follow-up (N = 1105). The latter group was excluded
because of the absence of a permanent address that was
needed to link to Vital Statistics records. The final sample
comprised 9300 participants (4091 men and 5209 women).
There were no significant differences between participants
who were lost to follow-up and those who were included in
the current study in terms of several risk factors. Therefore,
the potential bias regarding the 1105 participants lost to
follow-up is thought to be negligible. Permission to use the
National Vital Statistics records was obtained from the
Management and Coordination Agency, Government of
Japan. Ethical approval for this study was obtained from the
Institutional Review Board of Shiga University of Medical
Science for ethical issues (No. 12-18, 2000).

Biochemical and baseline examinations

The baseline surveys were conducted at public health cen-
ters. Blood pressure was measured by trained research
nurses using a standard mercury sphygmomanometer on
the right arm of seated participants after at least 5 min of
rest. Height and weight were measured in stocking feet
and light clothing. BMI was calculated as weight (kg) divided
by the square of height (m?).

A lifestyle survey was also carried out using a self-admin-
istered questionnaire. Participants were asked about their
alcohol drinking habit (never, past, occasional, and daily
drinkers). Reported information was confirmed by public
health nurses through interviews with the study participants
regarding smoking, drinking habit, and present and past
medical histories.

Casuat blood samples were drawn and centrifuged within
60 min of collection and stored at —70 °C until analyses.
Serum total cholesterol and creatinine were analyzed in a
sequential auto-analyzer (SMA12/60; Technicon, Tarry-
town, USA) at a single laboratory (Osaka Medical Center
for Health Science and Promotion), a member of the Choles-
terol Reference Method Laboratory Network (CRMLN) [10].
Serum concentrations of glucose were measured by the cup-
ric-neocuproline method, and the value was converted so as
to better correspond with the more widely used hexokinase
method [11].

The ECG findings were independently evaluated by two
trained researchers in each of 12 institutions according to
the Minnesota Code (mc) as previously described [12]. Major
ECG findings were tall R {mc3-1 to 3-4), ST depression
{mc4-1 to 4-4) and T abnormality (mc5-1 to 5-5).

Statistical analysis

SAS version 9.1 for Windows (SAS Institute, Cary, NC) was
used throughout the analyses. The chi-square test was used
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to compare dichotomous variables, followed by a post hoc
application of Bonferroni’s method. A one-way analysis of
variance was used to compare means among the three
groups stratified by outcome, followed by a post hoc appli-
cation of Dunnett’s test when the F value showed a signifi-
cant difference at P<0.05. To examine the factors
associated with HF and CHD mortality, multivariate-ad-
justed hazard ratios were calculated using a Cox propor-
tional hazards model. Men and women were analyzed
separately. Age, BMI (<18.5 or >25 vs 18.5—25 kg/m?), sys-
tolic BP, cigarette smoking (never and past smokers, current
smokers <20 cigarettes/day, current smokers 20—40 ciga-
rettes/day, and current smokers >41 cigarettes/day), alco-
hol drinking (ex-drinker or current drinker [occasional
drinker or daily drinker] vs never-drinker), self-reported his-
tory of valvular heart diseases, stroke, angina; serum total
cholesterol, blood glucose and serum creatinine concentra-
tions (model 1). The above continuous variables except for
age were standardized to have the mean =0 and standard
deviation = 1. For model 2, ECG findings of T wave abnor-
mality, tall R plus ST depression or T abnormality were sep-
arately added to model 1. Since there was a temporary
sharp decline in mortality from heart diseases in 1995 due
to the 10th International Classification of Diseases regarding
the description of diagnosis on death certificates, the above
analyses were repeated after dividing the follow-up period
into the former and the latter halves (—1994, 1995—).

Results

Baseline characteristics according to outcome in
men and women

The baseline characteristics in 4091 men according to out-
come over the 24 year follow-up are shown in Table 1. There
were 84 deaths from HF and 87 from CHD. The mean age,
systolic BP and blood glucose concentration were higher in
both mortality groups compared to those in the no HF no
CHD mortality control group. Current drinkers were less fre-
quent in both mortality groups compared to those in the
control group. Those with T abnormality, and those with tall
R wave + ST depression or T abnormality were more fre-
quent in both mortality groups compared to those in the
control group. The mean diastolic BP and total cholesterol
were higher in the CHD mortality group than those in the
controls. Those with BMI < 18.5 kg/m?, a history of valvular
heart disease or stroke were more frequent in the HF mor-
tality groups compared to those in the control group.

The baseline characteristics in 5209 women according to
outcome over the 24 year follow-up are shown in Table 2.
There were 100 deaths from HF and 88 from CHD. The mean
age, systolic and diastolic BP, total cholesterol, blood glu-
cose and creatinine concentrations were higher in both mor-
tality groups compared to those in the control group. Those
with BMI < 18.5 kg/m? were more frequent in the HF mortal-
ity group compared to those in the control group. Current
drinkers were less frequent in the HF mortality group and
current smokers were more frequent in the CHD mortality
group than those in the control group. Those with T abnor-
mality, and those with tall R wave + ST depression or T
abnormality were more frequent in both mortality groups

compared to those in the control group. Those with a history
of stroke were more frequent in both mortality groups com-
pared to those in the control group. Those with a history of
angina were more frequent in the CHD mortality group than
those in the control group.

Factors associated with HF and CHD mortality

The Cox multivariate hazard ratios for HF and CHD mortality
in 4091 men are shown in Table 3. Older age, systolic BP,
and blood glucose concentration were significantly associ-
ated with a higher mortality from HF and CHD. A higher cre-
atinine concentration, history of valvular heart diseases or
stroke, and presence of T wave abnormality were associated
with a higher HF mortality. Smoking and a higher total cho-
lesterol concentration were associated with a higher CHD
mortality.

The results for 5209 women are shown in Table 4. Among
continuous variables, only older age was significantly associ-
ated with a higher mortality from HF and CHD. A higher sys-
tolic BP and history of angina were associated with a higher
CHD mortality, while higher creatinine was associated with
a higher HF mortality. Smoking was associated with HF mor-
tality. Both ECG abnormalities were associated with a high-
er CHD mortality.

Secondary analyses after dividing the follow-up period
into the former and latter halves yielded similar results ex-
cept for reduced statistical significance due to a loss of sta-
tistical power.

Discussion

Most of the risk factors for HF mortality found in the present
study, such as older age, BP, blood glucose and history of
valvular heart disease are compatible with previous studies
in the US and Europe [2,4,13—15]. The higher serum creat-
inine found in the present study has also been reported [13].

In the present study, BMI<18.5kg/m? was associated
with a significant increase in HF mortality in men and wo-
men. Although statistically insignificant, BMI > 25.0 kg/m?
in men tended to be associated with a lower HF mortality
in our study. Obesity has been demonstrated in general pop-
ulations to predispose people to HF [4,14]. Obesity contrib-
utes to atherogenic risk factors through neurchormonal
regulation. Obesity also increases preload and afterload,
which predispose to HF. However, a number of recent
large-scale clinical studies in patients with established heart
failure have shown that being underweight or having low BMI
was associated with increased mortality, while elevated BMI
is associated with a better prognosis [14,15]. Kistorp et al.
found lower adiponectin concentrations, that occur in the
setting of increased BMI, were associated with improved
survival in patients with compensated HF [16]. Further-
more, in other chronic impaired health conditions such as
chronic obstructive pulmonary disease, cancer, renal fail-
ure, or liver cirrhosis, obese patients show better survival
[17]. Possible misdiagnosis of HF in obese people cannot ac-
count for all these findings. Because obese people have
more adipose tissue, they have more reserves and can
survive longer. Another potential explanation is the pres-
ence of cardiac cachexia in patients with advanced HF
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N (subtotal 4091)
Age (year) ~

BMikg/m?)
BMI<18.5kg/m” (%)
BMI > 25.0kg/m? (%)

[14]. Basically, the results of our study in a relatively less
obese population are consistent with those of previous stud-
ies [14,15].

History of stroke in men was one of the risk factors for HF
mortality in our study. Although it has not been identified as

a risk factor for HF incidence or mortality in previous stud-
ies, He et al. showed physical inactivity was an important
risk factor for developing HF [18]. As we did not have any
quantitative data on physical activity, history of stroke
may have reflected physical inactivity.
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T wave abnormality in men in our study was associated
with about a 2.4-fold increase in HF mortality, consistent
with previous studies [19,20]. Although the prevalence of
current smokers and drinkers in women was lower compared
to men, both of them were associated with significant dif-
ferences in HF mortality, the former with an increase and
the latter with a decrease. These results are consistent with
previous studies. The reason why these risk factors were not
associated with significant changes in HF mortality in men
may be due to the fact that there were relatively fewer
non-smokers and non-drinkers among the men to serve as
references.

Gender specific differences in risk factors for HF or CHD
mortality are worth mentioning. Although total cholesterol
in men was a significant risk factor for CHD mortality, it
was not in women. History of angina in women was a signif-
icant risk factor for CHD mortality, it was not in women. In
Japan as in rest of the world, CHD mortality is far less in wo-
men than in men. Thus, some risk factors, such as a higher
total cholesterol might not have been shown as a risk factor
due to lack of statistical power. However, history of angina
in women was shown as a significant risk factor, while in
men there was not even a trace of a trend. It may be related
that the syndrome of angina-like chest pain with normal epi-
cardial artery is more common in women than in men [21].
Women with chest pain might have been paid less medical
attention than men. The present finding that valvular heart
disease in men was a significant risk factor for HF mortality,
but not in women, may be related to the fact that valvular
aortic stenosis, which has more prognostic significance than
the other valvular heart diseases, is more common in men
than in women [22].

Strengths and limitations of the study

The strengths of our study include its prospective design and
the follow-up of a randomtly selected sample from the gen-
eral population of Japan with a high response rate (76.3%).
Since the study included men and women with a broad range
of ages, findings are likely to be generalizable to middle-
aged and elderly Japanese.

As in any long-term follow-up study, however, there are
some weaknesses. We used mortality data as end points,
which can lead to misclassification of the cause of death.
It has also been reported that most cases of sudden cardiac
death tend to be described on Japanese death certificates
as '"CHD”’, “"HF’’ or ‘‘unknown cause’’ [21]. Furthermore,
mortality statistics for CHD may have been underestimated
up to the end of 1994 using ICD9, since deaths from coronary
events may have been miscoded as ‘'HF’’ [23]. However,
comparing risk factors for HF and CHD mortality presented
in Tables 3 and 4, there were specific risk factors for each
of the mortalities, such as history of valvular heart disease
in male HF, a higher total cholesterol concentration in male
CHD, and history of angina in female CHD mortality. Fur-
thermore, secondary analyses after dividing the follow-up
period into the former and latter halves yielded similar re-
sults, except for reduced statistical significance due to a
loss of statistical power, indicating that our mortality data
were reliable despite a few possible misclassifications.
Furthermore, recent advances in medical treatment for
modifiable risk factors such as hypertension, hypercholes-

terolemia, or glucose intolerance might have diluted the
detrimental effects of risk factors for HF and CHF mortality.
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