# 2. BEREAITIVEOMBELILTH

1988-90SPM IR (ng/m3) p-value for
=50 50-55 55-60 60> trend

xRk 131 166 177 138

i (BB R ZE) 60.07 (13.67) 57.05(12.99)  56.56 (13.29) 53.40 (13.31)

L (EE)
X Am 11 (8.4%) 24 (14.5%) 20 (11.3%) 14 (10.1%) 0.93
LI ERIET 4(3.1%) 8 (4.8%) 6 (3.4%) 4(2.9%) 0.75
LR 1(0.8%) 5(3.0%) 2(1.1%) 3(2.2%) 0.73
AR WSS+ 1(0.8%) 1 (0.6%) 2 (1.1%) 2 (1.4%) 0.48
JiliAs A 1 (0.8%) 1 (0.6%) 0 (0%) 0 (0%) 0.17
Jitige 0 (0%) 2 (1.2%) 0 (0%) 3(2.2%) 0.16

5 3. SPM10pg/m® DEALIC L BB R

NP —F H (95%EHEIX D)

e A
e, EOTRE 1.274(0.919-1.765)
R, . BE, BMI DOFREE 1.358(0.975-1.892)
FERBIFE
DIERIET I 1.189(0.572-2.473)
DRE T 1.299(0.407-4.149)
R LRE T 1.950(0.468-8.119)
fitize] 2.983(0.944-9.424)

TEEER, M, BLE, BMI, BILE, #RE, MiF=LAT7o—/L OFRE
QEER, M, BT
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HARANDREBEEFMICKIT 2 BFHEEEINT & IBRAEEIET D RYE ; NIPPON DATA90 12
BiT 5 10 £ OB L 285

A =S, M FH WEREMRFELSEFEEELRERS)
I E\A (BRKREEFRAREES)

[ B#9 ] K[E The National Kidney Foundation 12 BHEAEDIRIE TH 5 B AR IREIEIEE (Glomerular

Filtration Rate; LAF, GFR) 7% 60 ml/min/1.73m2 >R Cd 54K 3 » A LL e < & % Chronic
Kidney Disease (AT, BIEEER) & EHEL. {BROBRIFREBOBESLIETITFLTAA U R
7 IRIRBLALE ST TS, £ LT, BHEBRROEF I L TRRBREADOTHOILDOXEE
BEAICHE L TV BEHEEZFLX TS, L, BAAERICBT 5 EF 2320, H
AEENGEEZISBIINHEERICW T, BEBETIFROBRIBERECITRIETR
BEHEONCT DI EERAT

[ Fit ]| BREBEBOBEEORWVEARA 7316 4 (EHEE 524 5. KHEOEIE 58%) % 10
£ (1990 £-2000 £2) BEF L7z, GFRIXMIEY L7 F = (Jaffe %) % VT The Cleveland
Clinic laboratory for the Modification of Diet in Renal Disease study (BLF, MDRD) Df#ilgz (535
DWEEMZ D) & Cockeroft-Gault DX (ARERIIHEAL OEHKICL D) HEE L, Cox
BN — FEFLEZHAWT, GFR OERIFEEFLT OV — FEEZFHE L 7,

[ #5% BB (GFR<60) IT2X53H 7,316 4 . MDRD D fiik&{CiL 6.7%. Cockeroft-Gault
OHXTIE 41%IZ R b7z, BEFEIMIC, 183 AOXNRENEREBRAICL > THT L, tofE
BREATFEZFH L TH, BEERRIIERSBSRELECED LR LBRIAH Y. GFR=60 L EEIZL
TR R OB BRER AR, AT, LERET OV — REiX, MDRD OB Tl ZzhEh
1.20 (0.82-1.76), 0.62 (0.31-1.22), 1.65 (1.01-2.72), Cockcroft-Gault D, THE 1.51 (1.04-2.20), 0.98
(0.54-1.76), 2.20 (1.32-3.69) CToH o7z, MBEMICKIT D BHEERFOBRIBEBFLTIINT I8
M&5fEREI&1E. MDRD OfREZTiE 1.3%, Cockeroft-Gault DR Tl 42% TH o7z, EHIT

EREHAE (GFR=90) ZEHEIC L7- GFR BT OEERSHER. MEF., LEBFRET O — N
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iZ. MDRD Offilgs(Tid3& 1, Cockeroft-Gault DR TIIRK 2 1Z/RT LBV TH Y, GFR LIERE
REBFETORMICITADOHEBERR O,

[ f3 ] HSEEO BAANERICRE O T, BEEBETIMERBEBIEC DM L EREF T
H5b,

1. MDRD Ol iz -3 < GFR & FERMBRMILT DB (NIPPON DATA90)
GFR (ml/min/1.73m%)

GFR290  60<GFR<90 45<GFR<60 30<GFR<45 15<GFR<30 GFR<15
(n=2,423) (n=4,402) (n=424) (n=50) (n=9) (n=8)
BEFAS 23,639 42,160 3,748 356 45 58
TR BT
br— 2K 31 112 29 6 3 2
FELE (/1,000 A5F) 1.3 2.7 7.7 16.9 66.7 34.5
NPF— R * 1.00  1.09 (0.72-1.64) 1.15 (0.67-1.99) 1.23 (0.49-3.09) 5.52 (1.62-18.75) 9.12 (2.12-39.29)
AR
2% 10 53 8 1 1 1
FETTHE (/1,000 N5E) 0.4 1.3 2.1 2.8 222 17.2
NP RH # 1.00  1.60(0.80-3.18) 0.83 (0.31-2.21) 0.51 (0.06-4.20) 4.49 (0.55-36.99) 3.32 (1.61-110.43
LERSE
e 2 8% 19 57 19 5 0 1
FET-E (/1,000 M%) 0.8 1.4 5.1 14.0 0.0 172
NP— R * 1.00__ 0.93(0.55-1.60) 1.44(0.72-2.89) 2.03 (0.70-5.91) 0.00 (- ) 7.79 (1.00-60.64)
¥ IEf, TE, BMIL BU%, AGIG, B LT, B Rom, 8 = U A7 °— Mz, 'u%’—%ﬁm H 5 E R % i

#&2. Cockeroft-Gault DT H-3 < GFR & FHRFAIET O Bl (NIPPON DATA90)
GFR (ml/min/1.73m")

GFR>90  60<GFR<90 45<GFR<60 30<GFR<45 15<GFR<30 GFR<15
(n=3,848) (n=2,845) (n=484) (n=119) (n=12) (n=8)
B ASE 37,902 27,171 4,007 815 53 58
TRERABRBIET
r— 2 27 73 57 20 4 2
FETTE (/1,000 A4E) 0.7 2.7 14.2 24.5 75.5 34.5
MNP— R # 1.00  0.62(0.37-1.03) 0.88 (0.46-1.68) 0.91 (0.41-2.04) 1.80 (0.52-6.28) 6.30 (1.39-28.50)
IHZEHIE T
br— 2 10 35 24 2 2 1
FETE (/1,000 %) 0.3 1.3 6.0 2.5 37.7 17.2
NP R * 1.00  0.66(0.29-1.50) 0.72 (0.26-1.97) 0.16 (0.03-0.89) 1.62 (0.26-10.19) 6.24 (0.68-56.93)
LR ZEL
b— 2K 17 34 32 17 0 1
FETE (/1,000 A5E) 0.4 8.0 20.9 0.0 17.2
NG REE # 1.00 .54 027 1.07) 1.04 (0.44-2.49) 1.79 064501 0. ) 6.20(0.75-50.96)

*4Efm, tE, BMI, B, B8, S ilLE, iﬁ%ﬁ B LAY 0 —/LILIE, 1o
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Chronic Kidney Disease is a Risk Factor for Cardiovascular
Death in a Community-Based Population in Japan
----------------- -NIPPON DATA90

Koshi Nakamura, MD; Tomonori Okamura, MD; Takehito Hayakawa, PhD*;
Takashi Kadowaki, MD; Yoshikuni Kita, PhD: Hirofumi Ohnishi, MD#%*;
Shigeyuki Saitoh, MD**; Kiyomi Sakata, MD; Akira Okayama, MDTt;
Hirotsugu Ueshima, MD for the NIPPON DATA90 Research Group

Background Chronic kidney disease (CKD) has been identified as a risk factor for cardiovascular disease
(CVD).

Methods and Results  The risk of cardiovascular death was evaluated in a large cohort of participants selected
randomly from the overall Japanese population. Participants (mean age. 52.4 years) free of previous CVD were
tollowed up for 10 years. Glomerular filtration rate (GFR) was estimated using the abbreviated equation devel-
oped at the Cleveland Clinic laboratory for the Modification of Diet in Renal Disease study. Of the 7,316 partici-
pants, 6.7% had CKD with a GFR <60 at baseline. Even after adjustment for other risk factors, the presence of
CKD conferred an increased risk of cardiovascular death with a hazard ratio of 1.20 (95% confidence interval,

0.82-1.76). Furthermore, a negative, graded correlation between GFR and risk of cardiovascular death was
observed: 1.09 (0.72-1.64) for a 60 GFR <90, 1.15 (0.67-1.99) for a 45<GFR <60, 1.23 (0.49-3.09) for a 30<
GFR <45, 5.52 (1.62-18.75) for a 15€GFR<30, 9.12 (2.12-39.29) for a GFR <15, as comparcd with normal
kidney function (GFR =90)). The proportion of excess cardiovascular death due to CKD was 1.3%.

Conclusion CKD was an independent risk factor for cardiovascular death in a community-dwelling Japanese
population.  (Cire J 2006; 70: 954-959)

Key Words: Cardiovascular disease; Chronic kidney disease; Glomerular filtration rate; Mortality

} hronic kidney disease (CKD) with a glomerular fil-
tration rate (GFR) less than 60 ml/min per [.73m?
is an independent risk factor for all-cause death or
cardxovasculdr disease (CVD) in the general population!-5
as well as in high-risk populations®-$ The National Kidney
Foundation (NKF)*'0 recommends evaluating the estimated
GFR using simplified prediction equations with serum
creatinine in order to identify individuals with CKD and
intervene to reduce their risk of CVDI1.12

However, to our knowledge, oaly 2 studies have quanti-
fied GFR in a general Japanese population in order to clari-
fy the risk of CVD from CKD#5 which, in Japan, is still
controversial. We attempted to determine this risk in a large
cohort of participants selected randomly from the overall
Japanese population.
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Methods

Study Design and Participants

Cohort studies of the National Survey on Circulatory
Disorders in 1980 or 1990 in Japan were called the
NIPPON DATASO or 90 (National Integrated Project for
Prospective Observation of Non-communicable Disease
And its Trends in the Aged). The details of the present
cohort have been previously reported!3-16 In the present
study, we analyzed data from NIPPON DATA90 to evalu-
ate the relationship between CKD and CVD over a period
of 10 years.

A total of 8,384 community residents (3,504 men, 4,880
women; 230 years old) from 300 randomly selected dis-
tricts participated in the baseline survey in 1990 and were
followed until November 15, 2000. The overall population
aged 30 and greater in all districts was 10,956, and the
participation rate in this survey was 76.5%. Accordingly,
these participants were thought to be representalive of the
Tapanese population. Of the §,384 participants, 1,068 were
excluded for the following reasons: previous coronary
heart disease or stroke (n=261), information missing in the
baseline survey (n=532), and failure to obtain access due to
incomplete residential information in baseline survey
(n=182). The remaining 7,316 participants (3,047 men,
4,269 women) were included in the analysis.

Follow-up Survey
The underlying causes of death for the National Vital
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Table 1 Baseline Risk Characteristics of 7,316 Participants in 1990 by Sex and Kidney Function Estimated

by the Abbreviated MDRD Equation: NIPPON DATA90

Men Women
GFR (ml/min per 1.73nr’) GFR (mlfmin per 1.73m?)
GFR 260 GFR <60 P value GFR 260 GFR<60  pvalue
(n=2,901} (n=146) (1=3,924) (n=345)
Age (years)* 52.2+13.2  67.3%113 <0.01 50.6£73.1 68.9£11.1 <0.0/
GFR (ml/min per 1.73m?)* 85.5+154  51.4+9.7 <0.01 87.3+16.8  52.5%8.9 <0.01
Serum crearinine (mg/dl}* 0.90+0.12 1.48+1.30 <0.01 0.69+0.10 1.08%0.84 <0.01
Body mass index (kg/m®)* 23.1%3.0 21.5%1.7 011 22.8%3.3 23.5+3.2 <0.01
Smoking habit* <0.0/ 0.87
Never smoked (%) 211 15.1 88.5 88.7
FEx-smoker (%) 22.5 7.0 2.4 4.1
Current smoker (%) 56.4 47.9 9.1 7.2
Drinking habir® <0.01 <0.01
Never drank (%) 34.5 45.2 92.2 974
Ex-drinker (%) 57 12.3 1.0 0.0
Daily drinker (%) 59.7 42.5 6.8 2.6
Hypertension (%)’ 48.2 71.9 <0.01 39.3 72.8 <0.01
Diabetes mellitus (%)* 7.0 15.1 <@.01 3.7 81 <0.01
Hypercholesteloremia (%)* 16.4 247 0.01 21.3 8.0 <0.0!
Left high voltage on ECG (%)* 17.0 18.5 0.65 5.9 8.1 0.10

Values are mean® 8D or the % of participants in that category.
#One-way analysis of variance.

*Chi-square fest.

GFR, glomerular filration rate; ECG, electiocardiogram.

Statistics were coded according to the 9th International
Classification of Disease for deaths occurring to the end of
1994 and the 10th International Classification of Discase
for deaths occurring from the beginning of 1995. The
details of death classification in the present study are
described elsewhere!3-16

We were permitted to use the National Vital Statistics by
the Management and Coordination Agency, Government of
Japan. The present study was approved by the Tnstitutional
Review Board of Shiga University of Medical Science for
ethical issues (No. 12-18, 2000).

Baseline Examination

Non-fasting blood samples were obtained and the serum
was separated and centrifuged soon after blood coagulation.
Plasma samples were also obtained in a siliconized tube
conlaining sodium fluoride. These samples were shipped to
1 laboratory (SRL, Tokyo, Japan) for blood measurements.
Serum creatinine (mg/dl) was measured using the alkaline
picric acid method (Jaffe). We estimated the GFR using the
following 2 simplified prediction equations. First, GFR
(mi/min per 1.73m?) was calculated using the abbreviated
equation developed at the Cleveland Clinic laboratory for
the Modification of Diet in Renal Disease (MDRD) study:
186 [serum creatinine (mg/dD]-1154x [age (years)]U-203x
[0.742 if female]x[1.212 if black]!"!8 Tmai et al recom-
mend multiplying the value calculated using the abbreviated
MDRD equation by 0.881 for Japanese!? Second, creatinine
clearance (ml/min) was regarded as the GFR and calculated
using the Cockeroft-Gault equation: {[140-age (years)]x
weight (kg)x[0.85 if female]}/[72xserum creatinine
(mg/d)]?® GFR was expressed in mi/min per 1.73m? by
multiplying each estimated GFR by 1.73/body surface area
(m?). Body surface area (m?) was calculated using the fol-
lowing equation?! which is suitable for Japanese adults:
[weight (kg)]0444x[height (cm)]0663x88.83x 10~*. Refer-
ring to the NKF classification of CKD$10 the participants
were classified into the 2 groups: GFR260 and GFR <60.

Circulation_Jourmal Vol 70, August 2006

The latter group was defined as CKD?10 In addition, the
participants were classified into 6 groups based on GFR:
GFR 290, 60<GFR <90, 452 GFR <60, 30<GFR <45, 155
GFR <30 and GFR<15. The group with a GFR290 was
defined as normal kidney function?:10 These classifications
were done for each calculated value of GFR.

Serum total cholesterol (mg/dl) was measured using an
enzymatic method. Lipid measurements were standardized
by the CDC-NHLBI (Centers for Disease Control/National
Heart, Lung, and Blood Institute) Lipids Standardization
program?? Hypercholesterolemia was defined as serum
total cholesterol 2240 mg/di, medication for hypercholester-
olemia or both. Plasma glucose (mg/dl) was also measured
using an enzymatic method. Diabetes mellitus was defined
as plasma glucose 2200mg/dl, medication for diabetes
mellitus or both.

A standard 12-lead electrocardiogram (ECG) was re-
corded in the supine position. Each record was coded inde-
pendently by 2 researchers according to the Minnesota
Code?? Codes in agreement were accepted, whereas codes
in disagreement were adjudicated by a panel of study
epidemiologists and cardiologists. Left high R-wave was de-
fined as R-wave in Vs or V6 >2.6mV, or R-wave in [, II, Il
or aVr >2.0mV, or R-wave in aVL >1.2mV (the Minncsota
Code, 3-1), and/or R-wave in I >1.5mV but 22.0mV, or
S-wave in V1 plus R-wave in Vs or Ve >3.5mV (the
Minnesota Code, 3-3).

Baseline blood pressure was measured by trained ob-
servers using a standard mercury sphygmomanometer on
the right arm of seated participants after a sufficient period
of rest. Hypertension was defined as systolic blood pressure
2140 mmHg, diastolic blood pressure 290 mmHg, medica-
tion for hypertension, or any combination of these.

Body mass index (BMI) was calculated using the fol-
lowing equation: [weight (kg)]/[height (m)]2. Public health
nurses obtained information on smoking, drinking, and
medical histories.
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Table 2 Risk of Death From Kidney Dysfunction Over 10 Years of Follow-up From 1990 to 2000 in 7,316 Participants When GFR is Estimated

by the Abbreviated MDRD Equation: NIPPON DATAY0

GFR (ml/nmin per 1.73m?)

GFR 290 60S GFR <90  45S GFR <60  30SGFR <45  I5SGFR <30 GFR <15
(n=2,423) (n=4,402) (n=424) (n=50) (n=9) (n=8)
Person-years of follow-up 23,639 42,160 3.748 356 45 58
Death due to all-cause
Cuses 122 397 98 28 7 3
Mortality (per 1,000 person-years) 5.2 9.4 26.1 78.7 155.6 51.7
Age-and sex-adjusted hazard ratio™ 1.00 1.02 111 1.79 3.96 4.48
(0.83-1.26) (0.84~1.47) (1.16-2.77) (1.82-8.61) (1.42-14.14)
Mudtivariate-adjusted hazard ratio® 1.00 1.08 122 1.99 4.60 374
(0.88~1.33) (0.91-1.62) (1.28-3.08) (2.11-10.04)  (1.18-11.87)
Death due to cardiovascular disease
Cases 31 112 29 6 3 2
Mortality (per 1,000 person-years) 1.3 2.7 7.7 16.9 66.7 34.5
Age-and sex-udjusted hazard ratio* 1.00 1.07 110 118 5.16 10.67
(0.71~1.60) (0.64~1.87} (0.48-2.95) (1.53-17.46) (2.52-45.25)
Multivariate-adjusted hazard ratio® 1.00 1.09 113 1.23 5.52 9.12
(0.72-1.64) (0.67-1.99) (0.49-3.09) (1.62-18.75) (2.12-39.29)
Death due to stroke
Cases 10 53 8 ! ! !
Mortality (per 1,000 person-years) 0.4 1.3 2.1 2.8 222 17.2
Age-and sex-adjusted hazard ratio* 1.00 1.54 0.80 0.51 4.03 14.85
(0.78~3.06) (0.31-2.10) (0.06-4.11) (0.49-32.87)  (1.85-119.4])
Multivariate-adjusted hazard ratio® 1.00 1.60 0.83 0.51 4.49 13.32
(0.80-3.18) (0.31-2.21) (0.06-4.20) (0.55-36.99) (1.61-110.43)
Death due to heart disease
Cases 19 57 19 5 0 I
Mortality (per 1,000 person-years) 0.8 14 5.1 14 0.0 17.2
Age-and sex-adjusted hazard ratio™ 1.00 0.91 1.35 1.93 0.00 9.53
(0.54-1.54) (0.68-2.65) (0.68-5.49) { - ) (1.26~72.31)
Multivariate-adjusted hazard ratio’ 1.00 0.93 1.44 2.03 0.00 7.79
(0.55-1.60) (0.72-2.89) (0.70--5.91) { - ) (1.00-60.64)

Values in parentheses indicate the 95%confidence interval of the hazard ratios.

*Hazard ratios were caleidated by a Cox proportional hazards regression model adjusted for age and sex.
"Huzard ratios were calenlated by a Cox proportional hazards regression model adjusted for age, sex, body mass index, smoking habit, drinking habit, hyper-

tension, diabetes mellitus, hypercholesterolemia and left high voltage on ECG.

Abbreviations see in Table 1.

Statistical Analysis

One-way analysis of variance or a chi-square test was
used to compare risk characteristics at baseline of partici-
pants grouped according to kidney function. A Cox propor-
tional hazards model was used to calculate the hazard ratios
for death due to all-causes, CVD, stroke and heart disease,
for participants with CKD (GFR <60) as compared to par-
ticipants without CKD (GFR=60). This model incorpo-
rated the following variables as covariates: age, sex, BMI,
smoking habit (non-, ex- or current smoker, using 2 dum-
my variables with the non-smoker as a reference), drinking
habit (non-, ex- or daily drinker, using 2 dummy variables
with the non-drinker as a reference), hypertension, diabetes
mellitus, hypercholesterolemia and left high voltage on the
ECG. Similarly, the hazard ratios were calculated for 5§
of the groups with an abnormal GFR (608 GFR <90, 45<
GFR <60, 30SGFR <45, 15¢GFR <30 and GFR<15), as
compared to the group with normal kidney function (GFR
290). We estimated the proportion of excess cardiovascular
death due to CKD (GFR <60) among all participants taking
into account its prevalence and hazard ratio using the fol-
lowing equation: {prevalenceX[adjusted hazard ratio—1]}/
{ 1 +the prevalence x [adjusted hazard ratio—1]}.

The statistical analysis package, SPSS 14.0] for Windows,
was used for all statistical processing (Chicago, IL, USA).
All probability values were 2-tailed, and the significance
level was set at p<0.05.

Results

There were 70,006 person-years of follow-up for the
7,316 participants (imecan age, 52.4 years) in the study.
Among all the participants, 655 died, including 74 who died
from strokes and 101 who died from heart disease. The
mean value of GFR calculated using the abbreviated MDRD
equation and the Cockeroft-Gault equation in all the partici-
pants was 84.2 and 92.1 ml/min per 1.73 m?2, respectively.

The baseline risk characteristics of participants classified
into 2 groups based on GFR calculated using the abbrevi-
ated MDRD equation are summarized in Table . Of all the
participants, 6.7% had CKD with GFR <60 at baseline. The
mean value of age and the prevalence of hypertension,
diabetes mellitus and hypercholesterolemia for both sexes
were higher in the participants with CKD, whereas the
mean value of BMI for women was higher in the partici-
pants with CKD. In addition, the prevalence of current
smokers, daily drinkers, diabetes mellitus and left high
voltage on the ECG was higher in men than women in all
categories of kidney function.

Of all the participants, 8.5% had CKD at baseline, evalu-
ated using the Cockeroft-Gault equation. The baseline risk
characteristics of participants classified into 2 groups based
on GFR calculated using the Cockeroft-Gault equation were
similar (o the results presented in Table | (data not shown).

When we performed sex-specific analyses of the relation-
ships between death and CKD based on GFR calculated
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Tahle 3 Risk of Death From Kidney Dysfunction Over 10 Years of Follow-up From 1990 to 2000 in 7,316 Participants When GFR is Estimated
by the Cockeroft-Gault Equation: NIPPON DATA90

GFR (ml/min per 1.73m?)

GFR 290 60< GFR <90 455 GFR <60 30 GFR <45  I5<GFR <30 GFR <15
(n=3,848) (n=2,845) (n=484) (n=119) (n=12) (n=8§)
Person-years of follow-up 37,902 27,171 4,007 815 53 58
Death due to all-cause
Cuses 101 286 183 71 11 3
Mortality (per 1,000 person-years) 2.7 10.5 45.7 87.1 207.5 517
Age-and sex-adjusted hazard ratio® 1.00 0.87 1.24 1.55 2.44 4.45
(0.68-1.13) (0.89-1.73) (1.03-2.33) (1.20-4.97) (1.39-14.22)
Multivariate-adjusted hazard ratio’ 1.00 0.81 1.12 1.40 2.53 3.29
(0.62-1.06) (0.79-1.58) (0.92-2.15) (1.24-5.18) (1.02-10.60)
Death due to cardiovascular disease
Cases 27 73 57 20 4 2
Mortality (per 1,000 person-years) 0.7 2.7 14.2 24.5 75.5 34.5
Age-and sex-adjusted hazard ratio® 1.00 0.67 1.02 1.05 1.99 8.49
(0.41-1.12) (0.54-1.90) (0.48-2.27) (0.58~6.85) (1.93-37.47)
Multivariate-adjusied hazard ratio” 1.00 0.62 0.88 0.91 1.80 6.30
(0.37-1.03) (0.46—1.68) (0.41-2.04) (0.52-6.28) (1.39-28.50)
Death due to stroke
Cases 10 35 24 2 2 /
Mortality (per 1,000 person-years) 0.3 13 6.0 2.5 37.7 17.2
Age-and sex-adjusted hazard ratio® 1.00 0.70 0.79 0.17 1.56 1.56
(0.31-1.56) (0.30-2.09) (0.03-0.94) {0.26-0.94) (0.26-9.50)
Multivariate-adjusted hazard ratio’ 1.00 0.66 0.72 0.16 1.62 6.24
(0.29-1.50) (0.26-1.97) (0.03-0.89) (0.26-10.19) (0.68-56.93)
Death due 1o heart disease
Cuses 17 34 32 17 0 1
Mortality (per 1,000 person-years) 0.4 1.3 8.0 20.9 0.0 17.2
Age-and sex-adjusted hazard ratio* 1.00 0.59 1.23 2.13 0.00 8.87
(0.30-1.17) (0.53-2.85) (0.80-5.67) (- ) (1.12-70.11)
Multivariate-adjusied hazard ratio* 1.00 0.54 1.04 1.79 0.00 6.20
(0.27-1.07) (0.44-2.49) (0.64-5.01) { - (0.75-50.96)

Vulues in parentheses indicate the 95%confidence interval of the hazard ratios.

*Hazard ratios were calculated by a Cox proportional hazards regression model adjusted for age and sex.

tHazard ratios were calculated by a Cox proportional hazards regression model adjusted for age, sex, body mass index, smoking habit, drinking habit, hyper-
tension, diabetes mellitus, hypercholesterolemia and left high voltage on ECG.

Abbreviations see in Tablel.

using the abbreviated MDRD equation and the Cockeroft-
Gault equation, the results were similar for men and
women. Therefore, we analyzed and reported the relation-
ships for both sexes combined.

The participants with CKD based on GFR calculated
using the abbreviated MDRD equation had a multivariate-
adjusted hazard ratio of 1.31 (95% confidence interval (CI),
1.06 to 1.60) for all-cause death, 1.20 (95%CT, 0.82 t0 1.76)
for cardiovascular death, 0.62 (95%CI, 0.31 to 1.22) for
stroke death, 1.65 (95%CI, 1.01 to 2.72) for heart disease
death, compared with the participants without CKD. The
participants with more severe kidney dysfunction tended to
have a higher multivariate-adjusted hazard ratio for all-
cause and cardiovascular death (Table 2). The proportion of
excess cardiovascular death due to CKD was 1.3%, when
using a prevalence of 6.7% and a hazard ratio of 1.20.

The participants with CKD based on GFR calculated
using the Cockeroft-Gault equation had a multivariate-
adjusted hazard ratio of 1.47 (95%CI, 1.21 to 1.80) for all-
cause death, 1.51 (95%CI, 1.04 to 2.20) for cardiovascular
death. 0.98 (95%CI, 0.54 to 1.76) for stroke death, 2.20
(95%CI, 1.32 to 3.69) for heart disease death, compared
with the participants without CKD. The participants with
more severe kidney dysfunction tended to have a higher
multivariate-adjusted hazard ratio for all-cause and cardio-
vascular death (Table3). The proportion of excess cardio-
vascular death due to CKD was 4.2%, when using a preva-
lence of 8.5% and a hazard ratio of 1.51.
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Discussion

In the present prospective, community-based study,
CKD defined as a GFR less than 60 mi/min per 1.73 m? was
an independent risk factor for cardiovascular death. De-
pending on the equation used to calculate GFR, the preva-
Tence of CKD was 6.7-8.5% in the present study popula-
tion. CKD contributed to excess cardiovascular death by
1.3-4.2%.

CKD represents a reduction of the normal GFR level in
young individuals by more than half. This condition was
found by the prevalence of 6.7-8.5% in the present study
population. Two previous studies in a community-based
population in Japan also reported a prevalence of CKD of
approximately 10% or less#® Therefore, the prevalence of
CKD may be approximately 10% in the community-dwell-
ing population in Japan in general.

CKD is associated with increased prevalence and severi-
ty of traditional cardiovascular risk factors such as hyper-
tension!~4 Increased levels of traditional cardiovascular risk
factors may have an effect on CVD. Furthermore, tradition-
al cardiovascular risk factors are associated with a decline
in renal function?4 Thus, CKD may be a marker for CVD,
which includes the effects of traditional cardiovascular risk
factors. However, the risk of CKD for CVD is independent
of traditional cardiovascular risk factors!-5 which was con-
firmed in the present study. Increased non-traditional car-
diovascular risk factors related to CKD, such as hyper-
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homocysteinemiaZ$26 may also be associated with CVD.
However, we could not adjust our statistical analysis for
such risk factors because they were not measured. In addi-
tion to the effects of cardiovascular risk factors on renal
tunction, CKD itsclf may decrease cardiac function??

Furthermore, we demonstrated a negative, graded corre-
lation between GFR and the risk of cardiovascular death.
However, the relationship between GFR and risk depended
on the equation used to calculate GFR. Using the abbrevi-
ated MDRD equation to calculate GFR, the risk of cardio-
vascular death tended to increase at a GFR <60, compared
with normal kidney function (GFR=90). In contrast, when
GFR was calculated using the Cockcroft-Gault equation,
the risk tended to increase at a GFR<30. We should be
careful in interpreting these results because of the limited
number of participants who died from CVD in the groups
with a lower GFR. Trie et al reported that the risk of cardio-
vascular death due to kidney dysfunction, when calculated
using the abbreviated MDRD equation (but without cor-
recting the GFR for Japanese), tended to increase at a GFR
<70 in men and a GFR <60 in women, compared with nor-
mal kidney function (GFR2100)7 However, that study did
not evaluate the risk of cardiovascular death due to more
severe kidney dysfunction. If we take the correction of GFR
into account in the present study, our results are consistent
with those of Irie et al. When we calculate GFR using the
abbreviated MDRD cquation, it may be appropriate to
regard a GFR of 60ml/min per 1.73 m? as the cutoff value
for increasing the risk of cardiovascular death in Japanese.
On the other hand, we would predict more excess cardio-
vascular death due to CKD, when GFR is calculated using
the Cockcroft-Gault equation. However, there are some
controversies as to whether the MDRD and Cockceroft-
Gault equations are applicable to Japanese. Therefore,
further investigations of the influence of CKD on the risk
of CVD in the Japanese population are needed.

Study Limitations

First, GFR was estimated using 2 simplified prediction
equations. Furthermore, when we used the abbreviated
MDRD equation to calculate GFR, which includes a term
based on race (black and white)!7.18 we regarded Japanese
as white. Second, the classification of our participants was
based only on the baseline GFR. Changes in GFR during
the 10-year follow-up period were not taken into account.
Finally, the details of medication status were not available
in the present study. For example, the use of angiotensin-
converting enzyme inhibitors!2% may need to be taken into
account when evaluating the risk of cardiovascular death
due to CKD.

In conclusion, kidney dysfunction may be an important
risk factor for cardiovascular death in Japanese. Appropri-
ate strategies are needed for identifying and intervening in
high-risk individuals with kidney dysfunction?%30
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Effect of Conventional Risk Factors for Excess
Cardiovascular Death in Men
—— NIPPON DATAS) —

Junko Tamaki, MD; Hirotsugu Ueshima, MD*; Takehito Hayakawa, MD**;
Sohel Reza Choudhury, MD?; Kazunori Kodama, MDT*; Yoshikuni Kita, PhD*;
Akira Okayama, MD#; for the NIPPON DATAS80 Research Group+

Background The present study examined how sex differences in conventional risk factors for cardiovascular
disease (CVD), especially smoking, account for excess male mortality from CVD in Japan.

Methods and Results In a 14-year follow-up study, causes of death were ascertained among 10,546 Japanese
aged 30 years or older at the baseline. The proportion of the excess male risk of CVD explained by the differ-
ences in risk factors was estimated as (HRo—HR1)/(HRo—1), where HRo is the age-adjusted hazard ratio (men vs
women) and HR1 is the age and risk factor-adjusted hazard ratio. The age-adjusted male:female ratios were 1.60
(95% confidence interval (CI), 1.32-1.94) for CVD, 1.75 (95%CI, 1.33-2.30) for stroke, and 1.55 (95%CI,
0.97-2.49) for coronary heart disease. The proportion of excess male risk of CVD explained by smoking was
46% and excess risk explained by all risk factors including smoking was 36%. In men, drinking habits decreased
the excess risk of CVD. Except for the association between drinking habits and CVD, the impact of the hazard
ratios of conventional risk factors had no sex ditference.

Conclusions Smoking contributes substantially to excess male mortality from CVD when the smoking rates
vary substantially by sex.  (Circ J 2006; 70: ?70—375)

Key Words: Cardiovascular disease; Cohort study; Japan; Risk factor; Sex difference; Smoking

q he decrease in mortality from cardiovascular disease
(CVD) over the past 35 years in Japan has signifi-
cantly contributed to the longevity of its people!
The mortality rate from stroke has decreased since 1965,
and mortality from coronary heart disease (CHD) has not
risen since 19702 Declining CVD mortality might be attrib-
uted to declines in blood pressure?3 Myocardial infarction
and coronary death were lower compared with those from
Western reports* However, CVD continues to be a major
cause of death in Japan!

International studies have reported an excess in male
mortality for CVD3-6 In addition, explanations for how sex
differences in conventional risk factors for CVD account
for that excess have been investigated’-® However. it is not
yet understood how conventional risk factors contribute to
sex differences in CVD in Asian countries!® Likewise, as
benefits of smoking cessation for patients with acute myo-
cardial infraction!! sex differences in smoking should be
investigated. Smoking rates substantially vary by sex in
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Japan and in other Asian countries, such as China,
Singapore, and the Republic of Koreal>!3 and are much
greater than in Western countries’? In 2002, the smoking
rate was 43.3% for Japanese men and 10.2% for Japanese
womeni?

In the current study, we investigated how sex differences
in conventional risk factors for CVDs, especially differ-
ences in smoking, explain the excess in male deaths from
CVD in Japan. We used a 14-year follow-up study consist-
ing of a representative sample of Japanese subjects.

Methods

Setring and Follow-up Study

NIPPON DATAR0 (National Integrated Projects for
Prospective Observation of Non-communicable Disease
And its Trends in the Aged) is a 14-year follow-up study,
whose baseline survey was conducted in 1980 as the
National Cardiovascular Survey!4 Sampling procedures
have been reported in detail elsewhere!3-17 In the National
Cardiovascular Survey, people in 300 districts across Japan
were selected by random sampling of all residents aged 30
years or older and were then invited to participate in the
survey. The survey was conducted during November 1930,
with 10,897 subjects (response rate=79.1%). Of the total
subjects, 10,546 with complete information on age, sex,
and blood pressure at the baseline were defined as the
cohort. »

In 1994, the NIPPON DATAS8O research group con-
ducted a follow-up study. The vital status of subjects was
determined by reviewing registration records linked to their
present address from local public health centers in 1994.

Circulation Journal Vol 70, April 2006
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Table 1 Distribution of Mean and Prevalence (%) of Risk Factors at Baseline Survey in 1980 for Men and Women Aged

30-89 Years, NIPPON DATAS80 (N=8,938)

Men (n=3,976)

Women (n=4,962)

Age (years)*
30-39 (%)
4049
50-59
60-69
70-79
80-89
<30 years old
Systolic blood pressure™** (mmHg)
Diastolic blood pressure™** (mmHg)
250 years old
Systolic blood pressure™** (mmHg)
Diastolic blood pressure’** (mmHg)
All ages
Body mass index (kg/m?)%-#*
Serum cholesterol (mg/d})’#+
Serum glucose (mg/dl)-#%
Hypertension*%#* %
Obesiry®$#% G
High cholesterol®h%
Diabetes mellitus=15% @
Cigarette smoking history™s** %
Current
Former
Never
Drinking habirs** %
Daily
Occasionally
Former
Never

Mean
1315
81.8

145.8
85.3

22.5
186.2
130.7

49.3

19.3

15.0

6.8

63.6
18.1
18.2

48.4
265

5.1
19.9

26.8
26.2
23.2
15.2
7.2
15

26.6
274
226
144
7.7
12
SD
(16.6)
(11.2)

S§D
(16.9)
(11.9)

Mean
125.0
76.7

142.8
82.5

(21.9)
(12.4)

(22.9)
{11.9)

22.8
190.2
129.1

39.9

223

18.4

4.0

(2.9)
(32.7)
(38.3)

(3.4)
(33.9}
(34.0)

87
2.1
89.1

2.9
17.0
13
78.6

SD, standard deviation: SI conversion factors, to converr milligrams per deciliter to millimoles per liter, multiply by 0.0259. *Chi-
square test was used to compare between both genders. "Comparisons of mean values between both genders were performed by
using a t-test. *Hypertension was defined as a systolic blood pressure 2160mmHg and/or a diustolic blood pressure 295 mmHg, or
on antihypertensive drug. $Obesity was defined by a body mass index 225.0kg/m?. "High cholesterol was defined as total
cholesterol 2220mg/dl (5.7 mmol/L). Diabetes mellitus was defined as a casual blood glucose 2200mg/dl, or with a present

history of diabetes mellitus. **p<0.05.

‘When a subject’s change of residence was detected in regis-
tration records, we requested registration records in the
cities or towns where they were currently living. The
details, including date of death, of subjects who had died
were taken from registration records. The underlying
causes of death were derived from the National Vital Statis-
tics. By matching the area code of the place of death, sex,
date of birth, and date of death using data from mortality
statistics in Japan, the underlying cause of death was deter-
mined. Thus, we could identify the cause of death for 99.5%
of 1,327 deceased subjects. Using NIPPON DATASO, this
follow-up study ascertained the vital status of 9,638 (91.4%
of the original 10,546 subjects).

Study Population

Of the 10,546 subjects initially examined in 1980, those
excluded from the present study were aged over 90 years
and had a history of CVD in the baseline data. After exclu-
sion criteria were applied, 4,347 men and 5,440 women
aged between 30 and 89 years without CVD at baseline
were identified. Among these subjects, 3,976 (91.5%) of
men and 4,962 (91.2%) of women were followed up; these
8,938 subjects were used for the analyses in the current
study.

Study Variables and Mortality
The method of risk factor measurement used in the base-
line survey of 1980 has been described elsewherel3.15.16
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Briefly, standardized measures were made of blood pres-
sure, height, weight, and serum total cholesterol. Data on
drinking and smoking habits and history of diseases were
obtained from a self-administered questionnaire. Drinking
status was classified as never, formerly, occasionally, or
daily. Data on smoking habits were obtained by asking
subjects to note whether they were a ‘non-’, ‘current-’, or
‘ex-’ smoker, and, in the case of smokers, recorded the
number of cigarettes smoked per day.

Hypertension was defined as a systolic blood pressure
(SBP) of 140mmHg or greater and/or a diastolic blood pres-
sure (DBP) of 90mmHg or greater, or the regular use of an
antihypertensive drug. Hypercholesterolemia was defined
as total cholesterol of 220mg/dl (5.7mmol/L) or greater.
The criteria for diabetes mellitus in these analyses were
defined as a casual blood glucose level of 200mg/dl or
greater, or with a carrent history of diabetes mellitus. Obe-
sity was defined by a body mass index equal to or greater
than 25.0kg/m?.

Causes of death were classified according to the Interna-
tional Classification of Diseases, Ninth Revision (ICD-9).
CVD deaths were those assigned ICD codes 390 to 459,
which include CHD (codes 410-414) and stroke (codes
430-438). Permission to use the National Cardiovascular
Survey in 1980 and vital statistics for determining causes
of death were obtained from the Management and Coordi-
nation Agency, Government of Japan.
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Table 2 Age-Adjusted Death Rate, and Hazard Ratio of Men and Women for Cardiovascular Diseases NIPPON DATAS0,
19801994 (N=8,938)
Cardiovascular disease Stroke Coronary heart disease
Men Wormnen Men Women Men Women

Number of deaths 217 196 111 91 36 33
Crude death rate* 419 295 214 137 69 50
Age-adjusted death rate’ 344 218 176 102 56 36
Age-adjusted men/wornen ratio? 1.60 175 155
95%confidence interval (1.32-1.94) (1.33-2.30) (0.97-2.49)

*Crude death rate per 100,000 person-years of observation.

fAge-adjusted death rate per 100,000 person-years of observation, adjusted by direct methods to the population of Japan who were

30-89 years old in 1985 for the 5-year age groups.
FAge-adjusted hazard ratio for ment vs women.

Table 3 Hazard Ratio and Proportion of Excess Risk in Men Associated With the Difference of Risk Factors in Each Model, NIPPON DATAS0,

1980--1994
Cardiovascular disease Stroke Coronary heart disease

Risk factors included in the model FExcess Excess Excess

HR*  (95%CD) gt HR®  (95%Cl) g HR®  (95%CD e
Age, sex L6861  (1.32-195) 1.77  (1.34-2.33) 1.56  (0.97-2.50)
Age, sex, HT# 1.59  (1.31-1.93} 36 174 (1.31-2.29) 4.0 1.56  (0.97-2.50) 0.4
Age, sex, obesiny .63 (1.34-1.98) =33 179 (1.35-2.36) -2.9 1.60  (0.99-2.58) -7.6
Age, sex, high cholesterol! 1.60  (1.31-1.94) 1.7 1.76 (1.33-2.33) L5 1.63  (1.01-2.62) -13.0
Age, sex, DMT .35 (1.28-1.88) 92 174 (1.32-2.30) 3.7 1.50 (0.93-2.41) 10.3
Age. sex, current smoker 133 (1.06-1.66) 46.2 149 (1.08-2.06) 36.0 123 (0.70-2.15) 593
Age. sex, current drinker®* L75  (1.41-2.19) =244 169 (1.23-2.33) 103 172 (0.996-2.98) -29.5
Age. sex, HT, obesity. high cholesterol 139 (1.08-179) 364 L4 (098-2.02) 468 134 (071-2.51) 393

DM, current-smoker, current drinker

*Hazard ratio of men vs women. Hazard ratic and 95%confidence interval determined by Cox proportional hazard regression. *Proportion of excess risk in
men defined as (HRo—HR1)/(HRo~1); HRo=age-adjusted hazard ratio of men vs women: HR1=age-. and risk factor-adjusted hazard ratio of men vs women.
HRo=1.61. 1.77, and 1.56, for CVD, stroke, and coronary heart disease, respectively. *Hypertension was defined as a systolic blood pressure 2160mmHg
and/or a diastolic blood pressure 295 mmHg, or on antihypertensive drug. $Obesitv was defined by a body mass index 225.0kg/m?. "High cholesterol was
defined as total cholesterol 2220mg/dl (5.7 mmol/L). TDiabetes mellitus was defined as a casual blood glucose 2200mg/dl, or with a present historv of
diabetes mellitus. **Current drinker was defined as subjects who drink occasionally or dailv.

HR, hazard ratio; CI, confidence interval; HT, hypertension; DM, diabetes mellitus: CVD, cardiovascular disease.

Statistical Analysis

Chi-square tests were used to compare the risk-factor
distribution, and the t-test was used to compare the mean of
continuous variables between women and men. The age-
adjusted death rate was calculated by direct methods with
the 1985 model population of Japan as the standard popula-
tion. Cox proportional hazard models were used to calcu-
late age and multivariate-adjusted hazard ratios and corre-
sponding 95% confidence intervals (CI) of CVD deaths for
each risk factor. The assumption that the hazard ratio of the
primary exposure remained constant over time for each risk
factor was confirmed by Cox regression with time-depen-
dent covariates.

To examine how the sex differences in the risk factors
explain the excess CVD risk in men, a model with sex as an
independent variable was built with data including both
males and females, to which the other risk factors were
added to the model as used by Jousilahti et al? The propor-
tion of the excess CVD risk in men that was explained by the
sex differences in the risk factors was estimated as follows.
The differences in CVD hazard ratios of men vs women
before and after adjustment for risk factors was divided by
the denominator that subtracted background risk from
hazard ratio {men vs women) as [(HRo-HR1)/(HRo-1),
where HRo is age-adjusted hazard ratio (men vs women),
HR1 is age. and risk factor-adjusted hazard ratio]?

We tested for differences in the hazard ratio of CVD be-
tween both males and females by including interaction

terms between sex and risk factor in the proportional
hazard model. The percentage change in modifiable risk
with each change or each 10-unit change was calculated by
Cox proportional hazard models. Analyses were calculated
using the software SPSS 10.0J for Windows (SPSS10.0J
for Windows, Standard Version, SPSS, 2000).

The Ethics Committee of Shiga University of Medical
Science, Japan, approved the research protocol of the
study.

Results

Baseline Characteristics

The distribution of mean and prevalence of risk factors
at the baseline of 8,938 subjects is shown in Table L. Aver-
age age at baseline was 50.0+12.9 (mean=standard devia-
tion (SD)) years for men and 50.2+13.1 years for women.
The means of SBP and DBP, body mass index, and serum
cholesterol were lower in men than in women, and higher
for serum glucose (p<0.05).

Statistically significant differences by sex were found in
proportions of current smokers (men, 63.6%; women,
8.7%) and current drinkers (men, 74.9%; women, 19.9%).
The prevalence of hypertension and diabetes mellitus was
higher in men, and the prevalence of obesity and hyper-
cholesterolemia was higher in women. Average blood pres-
sures of those who took antihypertensive drug were SBP
159+20.1 mmHg (mean=SD), DBP 92.5£11.9mmHg in
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men, and SBP 158.0+21.6 mmHg (mean=+SD), DBP 9.9+
12.8 mmHg in women.

CVD Mortality

The mean (£SD) follow-up periods were 13.0+2.7 years
for men and 13.7+2.2 years for women. There were 51,851
person-years of follow-up in the men, and 66,336 person-
years in the women. The mean (+SD) of ages at CVD death
were 75.5+11.4 years old in men and 78.2+10.4 vears old
for women. The mean age at CVD death in women was
older than that among men (p<0.05). The mean (+SD) of
ages at stroke death were 76.4+10.7 years old for men and
77.3+11.2 years old for women, those at CHD death were
71.9+13.3 years old for men and 77.3+10.0 years old for
women. The mean age at CHD death in women was older
than that in men (p<0.05).

Table2 shows age-adjusted death rates and the hazard
ratio of men compared with women for CVD. When
adjusted for age, men were 1.60 (95% CI, 1.32-1.94) times
more likely to die from CVD than women, and 1.75
(95% C1, 1.33-2.30) times more likely to die from stroke.

Excess Male CVD Risk Explained by the Differences in
Risk Factors

Table3 shows risk in men relative to women, and the
proportion of excess risk in men which was explained by
the sex difference in risk factor for each model. The age-
adjusted hazard ratios for men vs women were 1.61
(95%C1, 1.32-1.95) for CVD, 1.77 (95%CI, 1.34-2.33)
for stroke, and 1.56 (95%CI, 0.97-2.50) for CHD. The sex
difference in smoking explained the largest proportion of
risk factor-associated CVD and stroke deaths. As for CVD
death, the sex difference in current drinking was negatively
associated with excess deaths of men. Overall, 36% of the
excess deaths of men from CVD were associated with the
gender difference in all risk factors added to the model, and
46% for stroke.

As a result of testing for sex differences in the hazard
ratio of risk factors by including interaction terms between
sex and risk factor in the proportional hazard model, inter-
actions between risk factors and sex were not statistically
significant in the model of developing CVD, stroke, and
CHD, with the exception of the interaction between current
drinking and sex in the model of developing CVD (data not
shown).

Total Mortality and Excess Male Risk Explained by the
Differences in Risk Factors

Numbers of total deaths were 606 for men and 506 for
women. When adjusted for age, men were 1.70 (95%Cl,
1.51-1.92) times more likely to die for total death. The sex
difference in smoking explained 25.5% of the excess total
deaths of men. Overall, 25% of the excess total deaths of
men were associated with the sex difference in all risk
factors; hypertension, obesity, high cholesterol, diabetes
mellitus, current smoker, and current drinker (data not
shown).

Effect of Risk Factors for CVD in Men and Women

The associations between risk factors and deaths from
CVD in men and women are shown in Table4. In multi-
variate analysis, hazard ratios of CVD for current smokers
were 1.49 in men, and 1.56 in women. Hypertension and
diabetes mellitus were also statistically significant risk
factors for CVD in both men and women. Hazard ratios of
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Table 4 Hazard Ratio of Cardiovascular Disease, Stroke, and Coronary Heart Disease for Men and Women, NIPPON DATAS0, 1980-1994 (N

Stroke
Hazard ratio (95%confidence interval)t

Cardiovascular disease

Coronary heart disease

Men

Women

Women

Men

Women

Men

Crude death rate*

Death no.

Risk fuctors

189
666
433
361

51

No

Hypertension®

0.83(0.39-1.77)

1.20(0.57-2.54)

2.63(1.46-4.74)

1.86(1.15-3.01)

1.54(1.08-2.19)

1.64(1.18-2.28)

166
180

Yes

No

Obesity

1.04(0.46-2.36)

1.44(0.63--3.25)

0.95(0.59~1.53)

1.21(0.73-2.01)

1.01(0.73-1.41)

1.15(0.79-1.66)

37
186

Yes
No

424

High cholestero

0.9(0.42-2.07)

2.21(1.04-4.67)

0.92(0.57-1.49)

0.84 (0.48-1.48)

0.88 (0.63-1.23)

0.97 (0.66~1.43)

389
369
1,118

31

Yes

179

No

Diabetes mellitust

1.58 (0.64-3.48) 2.65(1.02-6.88)

3.44)

1.78 (0.92

117 (0.68-2.03)

1.98(1.28-3.07)

1.56 (1.09-2.24)

37
78
139

Yes

No

417
420
772
305

Current smoker

1.29(0.44-3.75)

1.97 (0.93-4.18)

1.52(0.84-2.77)

1.40 (0.94-2.08)

1.56 (1.04-2.35)

149 (1.12~1.98)

Yes

No

96

Current drinkert*

1.25(0.51-3.08)

0.51(0.25-1.06)

1.31{0.75-2.27)

0.88 (0.57-1.36)

1.2(0.81-1.76)

0.63 (0.46-0.85)

120

Yes

isk factor is defined as 1 for reference, hazard ratio and 95%confidence interval determine

*Per 100,000 person-years. 1Risk without each

d by Cox proportional hazards regression where the model included all 6 risk

95 mmHyg, or on «

tus was defined as a casual blood glucose 2200 mg/dl, or

with a present history of diabetes mellitus. **Current drinker

2

g and/or a diastolic blood pressure

160 mmH;

>

sterol 2220 mg/dl (5.7 mmol/L). IDiabetes melli

v was defined as a systolic blood pressure

Tigh cholesterol was defined as total chole

and ex-drinker or not. *Hyperter
was defined as subjects who drink occasionally or daily.

Jactors, ag
25.0kg/mi.

2
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CVD of current male drinkers were 0.63 (with statistical
significance), but had no statistical significance for women.
For stroke, only high blood pressure was a statistically sig-
nificant risk factor for both men and women. For coronary
heart disease, high cholesterol was a statistically significant
risk factor for men, and diabetes mellitus was a statistically
significant risk factor for women.

Omitted from Table4, the observed percentage changes
in risk for CVD death with each change in risk factors, a
10mmHg increase in SBP, 10 mg/dl increase in casual glu-
cose, and smoking, are expected to increase risk by 15.7%,
4.5%, and 50.9% in men, and 8.6%, 5.0%, and 58.9% in
women, with statistical significance, respectively. Current
drinking is expected to decrease the risk of CVD by 39.1%,
a statistical significant value in men, but not in women.

Discussion

In this nationally representative study in Japan, we found
that the major determinant of the sex difference in CVD
death was the difference in smoking, which explained
nearly half of the excess CVD deaths of men. However, the
sex difference in the conventional risk factors, including
smoking, explained only one-third of the excess CVD
deaths of men. The smaller proportion of excess risk
explained by all risk factors other than smoking could be
attributed to the preventive effect of alcohol intake for
CHD!8 Except for drinking, the hazard ratio for CVD did
not differ significantly between men and women.

Our study as well as previous studies!®1920 found no sex
difference in the hazard ratio for CVD of smoking!0.19.20
A previous analysis of 40 cohort studies? found no sex
difference in the hazard ratio for stroke from smoking,
although a meta-analysis found a slightly increased risk in
women?! A review noted no sex difference in the hazard
ratio for CHD from smoking? In contrast, an analysis of 40
cohort studies found that women tend to have a higher
hazard ratio for CHD from smoking?® These analyses
suggest that the hazard ratio of smoking for CVD is not
affected or is increased slightly in women. Thus, the excess
of CVD deaths in males explained by sex differences in
smoking could be attributed mainly to sex differences in
the prevalence of smoking.

Sex differences in all of the conventional risk factors
explained about one-third of male excess deaths for CVD
in our study. A prospective cohort study also showed that
differences in conventional risk factors for CVD explained
half of the excess CHD deaths in men in Finland, although
drinking habits were not included? These data indicate that
excess mortality in men can be modified by lifestyle
changes.

Study Limitations

One limitation of our study is that we could not follow
cardiovascular events during follow-up from the baseline
study in 1980, as this study was conducted as a retrospec-
tive cohort study in 1994. Another limitation of our study is
the potential misclassification of subjects because we
examined CVD risk status only at baseline. Using a single
measurement to estimate the effect of risk factors can cause
regression-dilution bias2? and our data might have underes-
timated the risk factors. Another possible limitation is the
potential sex difference when tracking CVD risk factors
over time, although a previous 16-year follow-up study
found no major sex differences?® Other limitations of our
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study are the inclusion of frequency of drinking to estimate
alcohol consumption, the inability to measure a dose effect
of smoking, and the inclusion of casual blood glucose
concentration, which might have underestimated the preva-
lence of diabetes or impaired glucose tolerance because
these require measurement of fasting glucose concentration
or a glucose challenge test. Additionally, we have not inves-
tigated the sex differences in the effect of smoking stratified
by cigarettes per day for CVD, although men who smoked
more than 20 cigarettes per day would have a higher nisk
for stroke and CHD death than those who smoked 1 to 20
cigarettes per dayi® That is because our primary purpose
was to investigate the effect of sex differences in smoking
rates for CVD, and a goal of the intervention relating to
smoking would be smoking cessation rather than reducing
the numbers of cigarettes per day.

In our sample, the sex difference in smoking represented
the largest proportion of risk factor-associated CVD deaths.
Sex differences in smoking rates might also explain the
large sex differences in CVD deaths in other Asian coun-
tries, such as China, Singapore, and the Republic of Korea,
where smoking rates vary widely by sex and age-standard-
ized death rates for CVD are higher than in Japani32
However. the female smoking rate has been increasing in
these countries, and further studies are needed to evaluate
whether the recent increase in smoking rates in women
reduces the sex differences in CVD mortality using follow-
up data classified according to the ICD-10.

We found sex differences in mortality and risk factors
for CVD. Focusing on the risk factors for CVD rather than
individual diseases such as stroke or CHD might clarify the
total effect of risk factors for CVD, including heart failure
and other causes. In particular, heart failure as a cause of
death was officially recorded more frequently during the
tfollow-up period in Japan, where the ICD-9 was used until
1994.

Conclusion

In conclusion, our findings from a nationally representa-
tive cohort study in Japan indicate that differences in
smoking among men and women explain half of the sex
differences in CVD deaths. All conventional risk factors
for CVD including smoking explained about one-third of
the sex difference in CVD deaths. Hence, excess deaths
among men from CVD are not inevitable and can be
avoided through interventions. In particular, smoking con-
tributes substantially to excess male CVD deaths in areas
where the smoking rate is much higher in men than in
women.
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BHRMAE, mOLE, BIEE. B2 EDY R 7y 7 Z—i3—ECERT A2 L n%L,
BEAZRY v VEEHE LTEEINTWS, A VA VEHMHELEET D AZRY v
TEREEOZKENE, DHEEOERMECE L THANOEBORENH S, LIrLIN6E
THBRHOZHDOT, TET VRZESH TR, ELTERANIITESTERY, &
Z X WHO O EYETIIIRRE 2 BMI =30 kg/m? & LTV 5, ¥ BMI 28 28 kg/m*F2EDREA D
EEZL ) BMI 28 23 kg/m* BEDOBARANICH TEIDADIREHRTHD, Lzl ->THAE
FERERANT, LOLHWIFRIC LD FHRERBR LUZBRFEBLETH D, T2 ThhbhilEg
3T : NIPPON DATAS0 DF —FZ _R—ZX & HWTNA U R 7 BEDMICKLERERER L OF
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S L7
5k

1980 FEIZ=EWRERTDO T 5 300 T & EESTH L, 30 FLL EOB L dgucmp b im
BAEACEREEZITV., TO% 14 FERBIFLELFHIOFRRZEE Lz, EROZZRIT 77%,
BEER 91%ThH o7, BEFRBRICERIIELEEH0 10,000 AH o7z, MEEEOEZ Y
DX, HMRFELOMmMFE®S), Ba L AT a— 1 (ICH), HE, A8, LER2ERHV ., BEH.
RPERERS, HDL 513> o7z, L7z -> T BS, TCH, BMI (A& kg/&HE m?) , SBP/DBP #2
WrTE B IBE Lz, E-FNENOEFRMEIZOUVT Cox T AWTLGERE, MR
AN — R BICIRRIIC R D 72, B %1% BS=130mg/d1, TCH=200mg/d1. SBP/DBP=130/85mmHg
DEIHCIEBOEMEZFICEEL T, F4FBDOIEEBMI % 25, 26 - - - 30 kg/m2 &
BRBERIITZE 2. T Cox AT (FEl, BV, BEZFREE) 2<VIEL, VAT 0OBEL 72U X7
34 (INA Y RD) HOFRT AT — FERFEICEMLUZEL2 ZOEROEMEL ED-, =
DEIC L THREMICATHEOREMEZIE Lz, & 1ICIXBETOFIEZRT, BMI Tik 27
kg/mP T2 o7c & ELHEE, MEFET &b — FEIFEICHEM L,
TER

Cox fEMTZ AWV CREMICE - EM CTOERMEIX BS=130 mg/dl, TCH=200 mg/dl.
SBP/DBP=130/85 mmHg, BMI=27 kg/w’ T o7z, ZHETITH & b &LHEE, MEFETHE
WeDEBESMERED D Z EBRHER NPT TBETOERMELZNRALE, VA7 %2 3-4F
Lendt URZBITBHTIZRED 13. 0%, ZHETIX16.8%H o7z, BIED AL VX Z7EIT0
URZBHCHARD & DFEERT AP — PR 8 5, MEETEE Y — R 5 Fi/2o
7= (382), WHETIIEERELT AT — RELOBINMERD -7,
EZR
AFENET-ZREREE AVWie g VR 7 BEZOREDD 2L & H BHICRWTLEHESE,
MFERECTHAFECHEMNL, FRICH L TCEENEETHDLZ LA Lz, SRIOZHE
BEOBBEESBMOT —FRX—ATHEBRILETALERDHD L, L a L XFa—)L, 2
FERRIAE, PHERERS. MEE. JEER/ b v T HEORT 2 AV TR b LETH B,
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F1 BEFHEORERRE

NAYVRZEE %) DHEZER (P) JREHHR (P)
BMI (kg/m%)
26 15 6.94 (0.064) 4.77 (0.010)
27 13 8.04 (0.046) 5.06 (0.008)
28 11.5 9.17 (0.035) 5.26 (0.007)
HgE (mg/dl)
120 17.5 6.12 (0.081) 4.43 (0.042)
130 13 8.04 (0.046) 5.06 (0.008)
140 10 7.11 (0.068) 4.33 (0.007)
Ba L RFo—)v
(mg/d1)
180 20 2.39 (0.144) 4.80 (0.131)
200 13 8.04 (0. 046) 5.06 (0008)
220 7.8 10.29 (0.028) 5.24 (0.008)
SBP/DBP (mmHg)
120/80 14.9 > 50 (0.986) 4.56 (0.137)
130/85 13 8.04 (0.046) 5.06 (0.008)
140/90 10.3 3.20 (0.053) 4.51 (0.002)

LHEB OFERESL Cox BT Z AW TLHEZE, MEEFIET Y — R HR) 2 EIZBRNITR D -,
#1 %13 BS=130mg/d1, TCH=200mg/d1, SBP/DBP=130/85mnHg ® & 52 3 HE OEFREZRICEE LT (K
X)), HB4FEHOEE B & 25, 26 - - — 30 kg/m® & BERERIZZE X T Cox fRAT (FEfn, SKIE. ME
RIRE) A< VEL, URTZ OBELHE~Tm Y R 7 3-4 (A U R7) BEOFET AT — R FEICHEN
LR FOEBOERMEE BT, BMI TiX 27 ke/mP I - 72 L & LEE, REDFET E AW
— REAHFITHEM U7z, SBP=UUHEHAME. DRP=#L3RHA M

K2 NAVRIZFEOLHEE, BEHFETAT— PGB

YRZ7 08 URZ7 1-2 8 YR7 348 f&m P
HENALK 655 2950 539
DEE, A 1 33 8
/1000 A5 0.1 0.9 1.2
HR* 1 3.51 (0.47-26.1) 8.04 (1.03-62.6) 0. 0002
Mz, A3 3 85 30
/1000 A£E 0.3 2.2 4.4
HR 1 2.64 (0.83-8.39) 5.06 (1.53-16.7) <0. 0001

BN A, DHEE-. MERETER, F0 1000 AMEHZY OFETR, Y RY 0 BT &B
DO YP— R (O5%EHEEE) . BEMERPEZRT, BEDOANAL VR TEEI0 U R BHTHAS &
DT Y — RIS 8 i, BRI AP — FHD 55272572, HRR*=4#, Kil, BECH
Bz Y — Rk
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Combined Cardiovascular Risk Factors and OQutcome
—— NIPPON DATAS80, 1980-1994 ——

Yasuyuki Nakamura, MD; Takako Yamamoto, MD*; Tomonori Okamura, MD*;
Takashi Kadowaki, MD*; Takehito Hayakawa, PhD**; Yoshikuni Kita, PhD*;
Shigeyuki Saitoh, MD*; Akira Okayama, MD*"; Hirotsugu Ueshima, MD*;
for the NIPPON DATA 80 Research Group

Background To examine the prognostic significance of the high-risk group with combined cardiovascular risk
[actors in the Japanese, we analyzed the relationship between the high-risk group with combined risks and coro-
nary heart disease (CHD) and stroke mortality using the NIPPON DATASO database.

Methods and Results At baseline in 1980, those of age =30 years were randomly selected and 4,144 men and
5.318 women without CHD and/or stroke at baseline were followed for 14 years. The cutoff values {or risk com-
ponents obtained heuristically by Cox analysis were hypertension (systolic 2130, or diastolic 285 mmHg, or on
antihypertensive drugs), hypercholesterolemia (total cholesterol 2200 mg/dl), hyperglycemia (=130 mg/dl, or self-
reported diabetes) and obesity (body mass index =27 kg/m?2). Subjects were divided into 3 groups (0, (-2 and 3-4
risks). Compared with those men in the risk O group, the hazard ratios in men in the risk 3—4 for CHD mortality
was 8.04 (95% confidence interval: 1.03-62.6), and the stroke mortality was 5.06 (1.53-16.7). In women, no

statistically significant difference was found due to a lesser number of events.
Conclusion The high-risk group with combined risk factors is important risk for Japanese men.  (Circ J 2006;

70: 960-964)

Key Words: Cohort study; Coronary heart disease; Risk factors; Stroke

N ardiovascular risk (actors, such as dyslipidemia, hy-
pertension, hyperglycemia and obesity, are consis-
tent and common but largely undertreated and
undercontrolled in many countries! although it is known
that these risk factors often cluster together?3 This cluster-
ing is now considered to be the “metabolic syndrome”,
which is closely related Lo insulin resistanced# Cutoff values
for cardiovascular risk factors have beene derived either
empirically or from the results of cross-sectional studies? 57
but ideally, such cutoff values should be derived from the
data of longitudinal cohort studies, so that risk factors have
prognostic implications. Furthermore, the cutofT values for
these risk factors and the prognostic significance of com-
bined risk factors have not yet been reported in Asian popu-
lations, where coronary heart disease (CHD) mortality and
obesity are relatively rare, but susceptibility to diabetes mel-
litus has been reported to be higher$-19 The individual cutoff
values should be determined for different populations, so to
examine the prognostic significance of the high-risk group
with combined risk factors we analyzed the relationship

(Received January 10. 2006; revised manuscript received April 27,
2006: accepted May 25, 2006)

Cardiovascular Epidemiology. Kyoto Women’s University, Kyoto.
*Department of Health Science, Shiga University of Medical Science.
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Medicine, Icumo, 'Department of Medicine, Sapporo School of Medi-
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Investigators and members of the research group are listed in the
appendix of reference 13.
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demiology, Kyoto Women’s University, 35 Imakumano, Kitahiyoshi-
cho, Higashiyama-ku, Kyoto 605-8501, Japan. FE-mail: nakamury @
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between combined cardiovascular risk factors and CHD
and stroke mortality using the database of the National In-
tegrated Project for Prospective Observation of Non-
communicable Diseases and Its Trends in the Aged, 1980
(NIPPON DATARS0), which includes more than 10,000
subjects in Japan who were followed for 14 years!!-13

Methods

Subjects

The subjects in this cohort were participants in the 1980
National Survey on Circulatory Disorders;! the detailed
methods of the NIPPON DATAS0 have been described
previously!? but are summarized here, A total of 10,546
community-based subjects aged 230 years in 300 randomly
selected health districts throughout Japan participated in
the survey, which consisted of a medical history, physical
examinations, blood tests and a self-administered question-
naire on lifestyle. The cohort was followed until 199411-13
To clarify the causes of death, we used the National Vital
Statistics.

Of the 10,546 subjects, a total of 1,084 were excluded
for the following reasons: past history of CHD or stroke
(n=166), missing information on the baseline survey (n=
48), lost to follow-up (n=870). We analyzed the remaining
9,462 subjects (4,144 men, 5,318 women). Ethical approval
for this study was obtained from the Institutional Review
Board of Shiga University of Medical Science (No. 12-18,
2000).

Biochemical and Baseline Examninations

The baseline surveys were conducted by public health
centers. Systolic and diastolic blood pressures (SBP, DBP)
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Table 1 Results of Principal Compenent Analysis Among 3,820 Men
and 4,857 Women Not Taking Medication
(NIPPON DATAS0: 1980-1994)

961

Table 2 Results of Heuristic Analysis in Men to Obtain the Cutoff
Values for Risk Components Among 4,144 Men
(NIPPON DATAS0: 1980-1994)

Men Women
Factor 1 Fuctor 2 Factor 1
Variables

BMI 0.44 0.65 0.50
SBP 0.84 ~0.37 0.86
DBP 0.88 ~0.18 0.85
Toral cholesterol 0.33 0.72 0.44
Glucose 0.24 (.25 0.31
Total variance 0.37 0.23 0.40
Crmulative variance 0.37 0.60 0.40

BMI, body mass index; SBP, svstolic blood pressure; DBP, diastolic blood
pressure.

were measured by trained operators using a standard mer-
cury sphygmomanometer on the subjects’ right arm while
the subjects were seated and after they had rested for more
than Smin. Height in stockinged feet and weight in light
clothing were measured. Body mass index (BMI) was cal-
culated as weight (in kg) divided by the square of height (in
m).

A lifestyle survey was carried out using a self-admin-
istered questionnaire. Non-fasting blood samples were
drawn and centrifuged within 60 min of collection, and then
stored at —70°C until analysis. Total cholesterol was ana-
lyzed in a sequential auto-analyzer (SMA12/60; Technicon,
Tarrytown, NY, USA) at a single laboratory (Osaka Medical
Center for Health Science and Promotion), which is a
member of the Cholesterol Reference Method Laboratory
Network!S The serum concentration of glucose was mea-
sured using the cupric-neocuproline method!6

Combined Cardiovascular Risk Factors

The previous cutoff values used for the definition of meta-
bolic syndrome®7 were not applied in the present study for
the following reasons. Waist girth was not measured during
the baseline examinations in 1980. The modified WHO
definition uses BMI 230kg/m? as a criteria for abdominal
obesity, but because the average BMI for Japanese adult
men and women is around 23 kg/m?, there are very few sub-
jects whose BMI is more than 30kg/m2.17-20 Non-(asting
blood samples were used in the present study, and direct
measurement of high density lipoprotein (HDL) cholesterol
was not performed. Therefore, we selected 4 components of
the combined risk factors, namely, obesity, hyperglycemia,
hypercholesterolemia and hypertension. The cutoff value
for each component was determined heuristically using the
mortality data described below. We considered those who
were on antihypertensive medication as having hyperten-
sion, and those who with self-reported diabetes mellitus as
having hyperglycemia. We then divided the study subjects
into 3 groups: risk O for subjects who had none of the above
components, risk 1-2 for subjects who had 1 or 2 of the
components, and risk 3—4 for subjects who had 3 or 4 of the
above components.

Statistical Analyses

SAS version 8.02 for WINDOWS (SAS Institute Inc,
Cary, NC, USA) was used throughout the analyses. Men
and women were analyzed separately. The chi-square test
was used to compare dichotomous variables. To compare
the means among the 3 groups, one-way analysis of vari-
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Risk 3-4 (%)  CHDHR(p)  Stroke HR (p)

BMI (kg/m?)

26 15 6.94 (0.064) 4.77 (0.010}

27 13 8.04 (0.046) 5.06 (0.008)

28 11.5 9.17 (0.035) 5.26 (0.007)
BG (mg/dl)

120 17.5 6.12(0.081} 443 (0.042)

130 13 8.04 (0.046) 5.06 (0.008)

140 10 7.11 (0.068) 4.33(0.007)
TC (mng/dl)

180 20 2.39(0.144) 4.80(0.131)

200 13 8.04 (0.046) 5.06 (0.008)

220 7.8 10.29 (0.028) 5.24 (0.008)
SBP/DBP (mmHyg)

120/80 14.9 >50(0.986) 4.56(0.137)

130/85 13 8.04 (0.046) 5.06 (0.008)

140/90 10.3 3.20(0.053) 4.51(0.002)

Fixing the values of 3 components, value of the 4% component was varied
categorically and the Cox analyses were performed. Hazard ratios (HR) with
p values for CHD and stroke montality were compared. The risk ) group was
used as the reference group. The Cox analyses were repeated until the lowest
cutoff value for each component that had a prognostic significance for CHD
and/or stroke mortality was obtained. The obtained cutoff values were
BMI=27kg/m?, BG=130mg/dl, TC=200my/dl, SBP/DBP=130/85mmHy

Sor men. Risk 3—4=subjects who had 3 or 4 of the risk (risks are: hyperten-

sion: SBP =130mmHyg, or DBP 285mmHg, or on anti-hypertensive drugs;
hypercholesterolemia: TC 2200mg/dl; Iyperglycemiv: BG =2130mgldl or
self-reported diubetes mellitus; obesity: BMI 227 kg/m?).

CHD, coronary heart disease; BG. Dlood glicose; TC, iotal cholesterol.
Other abbreviations see in Table 1.

ance was used.

Principal component analysis was conducted using the
FACTOR procedure of SAS in order to examine clustering.
Subjects who were taking antihypertensive, antidiabetic or
cholesterol-lowering medications were excluded from this
principal component analysis. The number of components
to be retained was based on eigenvalue criteria (=1.0). The
resulting factor patltern was interpreted using factor load-
ings of =0.40.

The multivariate-adjusted hazard ratios for CHD. and
stroke mortality were calculated using the Cox proportional
hazard model, including age, cigarette smoking (currently
smoking or not), and alcohol intake (drinkers or non-
drinkers) as covariates. The risk O group was used as the
reference group. The cutoff values for each of the 4 compo-
nents were determined heuristically using the Cox analyses
on CHD and stroke mortality. Namely, fixing the values of
3 components, the value of the 4th component was cate-
gorically varied and the Cox analyses were performed. The
Cox analyses were repeated until we found the lowest
cutoff value for each component that had prognostic signifi-
cance for CHD and/or stroke mortality. The entered values
for each component were BMI: from 25 w 30kg/m? with
tkg/m? increments: blood glucose: from 100 to 160 mg/d!
with 10mg/dl incremeats; total cholesterol: from 180 to
260 mg/dl with 20mg/d] increments;, SBP/DBP: 120/80,
130/85 and 140/90 mmHg. Because most of the analyses in
women did not yield cutoff values that had prognostic
significance, the cutoff values for men were applied in the
analyses of women.

Hazard ratios for the association of CHD and stroke
mortality with the component conditions were analyzed by
the Cox proportional hazard model as above. Tests of linear

= 159 —





