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Table 1. Characteristics of study subjects

Men Women
Number of subjects 4098 5255
Number of deaths from stroke 162 150
Number of deaths from coronary heart disease 67 65
Age (yr) 50.3%13.1 50.8£13.3
Systolic blood pressure (mmHg) 138.44+20.8 133.9+%21.4
Total cholesterol (mg/dl) 186.1+32.7 190.8%34.1
Casual serum glucose (mg/dl)* 101.0+32.4  99.6128.7
% of those having glucose 2200 mg/dl 1. 61 1.16
Smoker (%) 63. 3 8.8
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Fig 1. Mortality per 1,000 person—years by sex and age

Table 2. Cox regression coefficients for stroke and coronary heart disease death

Stroke Coronary heart disease
Risk factors Unit

Men Women Men Women
Age 1 yrs 0.1302 0.1300 0. 1037 0. 1480
Systolic blood pressure 1 mmHg 0.0154 0.0159 0.0133 0. 0045
Total cholesterol 1 mg/dl  -0.0030 -0.0017 0.0121 0. 0034
Casual serum glucose =200 mg/dl* Yes/No 0.5971 1.1522 1.2249 1. 5109
Cigarette habits Yes/No 0.3773  0.3390 0. 3647 0.7472

Survival rate at 10 years for those having
0.9967 0.9972 0.9975 0. 9992

mean values of risk factors
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Age-specific effects of systolic and diastolic blood pressures
on mortality due to cardiovascular diseases among Japanese

men (NIPPON DATA80™)

Akira Okayama®, Takashi Kadowaki®, Tomonori Okamura®, Takehito
Hayakawa® and Hirotsugu Ueshima® on behalf of The NIPPON DATA80

Research Group

Objective To clarify the relationship between mortality due
to cardiovascular diseases (CVD) and systolic blood
pressure (SBP) and diastolic blood pressure (DBP) in young
and elderly Japanese men in the absence of
antihypertensive treatments.

Design A 19-year cohort study using the 1980 National
Survey of Cardiovascular Diseases and the identification of
the underlying causes of death using national vital statistics
data.

Methods In 1999, a 19-year follow-up study was conducted
among participants randomly selected from the Japanese
population for the 1980 National Survey of Cardiovascular
Diseases. Among the male participants that were not
receiving antihypertensive treatment, information was
obtained for about 91.3% of the subjects (n = 3779). Age-
adjusted mortality rates using the person-year method were
calculated to compare the relationships of SBP and DBP
levels with CVD mortality for different age groups (aged 30~
64, 65-74, and 75 years or more).

Results The total number of observed person-years

was 64 598 and the number of CVD-related deaths after
19 years was 253. Both SBP and DBP levels were
significantly and linearly related to CVD mortality in the age
groups 30-64 years (P<0.001 and P = 0.01, respectively)
and 65-74 years (P<0.001 and P = 0.03, respectively). In
the group of participants that were at least 75 years old,
however, no significant increase in the relative risk of CVD
was observed with increasing DBP levels (P = 0.1586),

Introduction

Compared with Western countries, mortality from cardio-
vascular diseases (CVD) in Japan is characterized by a
moderate mortality rate from stroke and a lower mortality
rate from coronary heart disease [1]. Hypertension is a
strong risk factor for cardiovascular diseases [2,3], especi-
ally for stroke, which is still a major cause of death in

* National Integrated Project for Prospective Observation of Non-communicable
Disease and its Trends in the Aged of the 1980 Survey

0263-6352 © 2006 Lippincott Williams & Wilkins

whereas the relative risk of CVD increased significantly
with increasing SBP levels (P = 0.038). Muttivariate analysis
adjusting for major risk factors confirmed these
relationships. Standardized hazard ratios (95% confidence
intervals) of SBP were 1.53 (1.19-1.96) for 30~64 year olds,
1.70 (1.31-2.20) for 64-74 year olds, and 1.23 (1.03~1.47)
for participants 75 years old or more, whereas those of
DBP were 1.52 (1.12-2.06), 1.60 (1.21-2.10), and 1.10
(0.94-1.28), respectively.

Conclusions These data show that elevated SBP is an
independent risk factor for CVD mortality for Japanese men
of all ages, whereas elevated DBP is not an independent risk
factor for CVD mortality for elderly men. J Hypertens
24:459-462 © 2006 Lippincott Williams & Wilkins.
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Japan in spite of declining trends over the past 30 years
[4,5]. Hypertension among the elderly is characterized by
elevated systolic blood pressure (SBP) and moderate
diastolic blood pressure (DBP), which are caused by
age-related increased stiffness of the arterial walls [6].
The effects of SBP and DBP on cardiovascular mortality
rates are therefore not necessarily the same among differ-
ent age groups [7,8].

Recent meta-analysis in the Asian-Pacific region showed
that SBP is a better predictor than DBP for cardiovascular
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events in elderly individuals [9]. This study, however, did
not consider the antihypertensive treatment status of the
subjects. T'o compare the impact of elevated SBP and
DBP in different age groups, analysis of representative
samples of the population that are not receiving antihy-
pertensive treatment is required.

In this study, we examined the effects of SBP and DBP
on CVD mortality by age-specific analysis of representa-
tive populations of young and elderly Japanese men
that were not receiving antihypertensive treatment
at baseline.

Subjects and methods

In the 1980 National Survey on Cardiovascular Diseases
(response rate, 78.5%), 10 558 participants aged at least
30 years old were examined with an assessment of their
past and present history of hypertension, stroke, and
myocardial infarction. Blood pressure was measured by
trained public health nurses using standard mercury
sphygmomanometers. Details of this survey are pub-
lished elsewhere [10].

In 1994, we conducted a follow-up study of the partici-
pants using the names and ages that were recorded on the
participant list in 1980 [3]. We also followed-up with
these participants in 1999. We obtained information
about 4244 male participants with a follow-up rate of
91.3%. We found that 1091 participants died between
1980 and 1999.

The underlying causes of death obtained from the
national vital statistics data were coded according to
the 9th International Classification of Disease (ICD-9)
before the end of 1994 and the 10th International Classi-
fication of Disease (1GD-10) from the beginning of 1995.
The details of the classification system used in the
present study have been described elsewhere [11]. Here,
CVD was defined as ICD codes 390459 from ICD-9 and
codes 09200—09500 from ICD-10. Participants with a past
history of myocardial infarction (z=18) or stroke
(n=44) and those taking antihypertensive drugs
(n = 403) at baseline were excluded from the analysis.
Participants were classified into five SBP groups (< 120,
120-139, 140-159, 160—179, and > 179 mmHg) and five
DBP groups (<80, 80-84, 85-89, 90-99, and
> 99 mmHg) according to Joint National Committee
VI [12].

Statistical analysis

In this study we used the person-year method. The
person-years contributed by a participant were divided
into each 5-year age band, and the accumulated age-
specific person-years were used as the denominators for
age-specific mortality rates. Age-adjusted mortality for
participants aged 30-64, 65-74, 75 or more, and of
all ages were calculated using the Mantel-Haenszel
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procedure according to the standard population of Japan
in 1985. The test for linear trends was used to compare
the overall relationship between the SBP and DBP
categories using a Cox proportional hazard model that
adjusted for age and other major risk factors (smoking
habits, drinking habits, casual blood sugar, and serum
total cholesterol). The standardized hazard ratio was
calculated by dividing a hazard ratio by its standard
deviation.

Results

Table 1 presents the number of deaths and the age-
adjusted mortality rates per 100 000 person-years caused
by CVD for men classified according to their SBP or DBP
levels. The total number of observed person-years was
64 598. Age-specific and age-adjusted mortality rates due
to CVD increased with increasing SBP levels for all of the
age categorics, whereas the relative increase in CVD
mortality between the SBP categories tended to be
smaller in the older groups. Although an increase in
CVD mortality was observed with increasing DBP levels
in the groups 3064 and 65-74 years old group, a DBP-
dependent increase in CVD mortality was not seen in the
75 years old or more group.

Table 2 presents the age-adjusted relative risks and 95%
confidence interval of mortality from CVD for men
classified according to their SBP or DBP levels. The
relative risk of death due to CVD increased significantly
with either increasing SBP or DBP levels for the groups
of 30—64 and 65-74 year olds. Increasing DBP levels
in the group 75 years old or more, however, did not
correlate with a significant increase in the relative risk
of CVD (P = 0.156), whereas increasing SBP levels were

Table 1 Age-specific and age-adjusted cardiovascular diseases
(CVD) mortality rates per 100 000 male participants not taking
antihypertensive drugs that were categorized according to their
systolic blood pressure (SBP) and diastolic blood pressure (DBP)
levels in a 19-year follow-up of NIPPON DATAS0

Blood pressure category

I il il v \

Systolic blood pressure

Person-years 10 737 29 794 16 929 5156 1982
Mortality number 8 (73) (92) (49) (31)
30-64 years old 16 48 60 174 641
65-74 years old 92 353 649 366 1358
75 years old or more 1461 2632 2675 3987 4097
All ages 122 257 304 412 957
Diastolic blood pressure
Person-years 23123 15 711 7095 12 808 5768
Mortality number (64) (48) (35) (62) (35)
30-64 years old 37 98 67 61 192
65-74 years old 240 398 141 626 831
75 years oid or more 2393 2074 2936 2768 3690
All ages 244 217 329 309 502

Systolic blood pressure category: |, < 120 mmHg; i, 120—139 mmHg; lll, 140~
159 mmHg; IV, 160-179 mmHg; V, 180 mmHg or more. Diastolic blood pressure
category: |, < 80 mmHg; ll, 80—-84 mmHg; IIl, 856-89 mmHg; IV, 90-99 mmHg;
V, 100 mmHg or more.
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Table 2 Age-specific and age-adjusted relative risks (95% confidence intervals) for male participants not taking antihypertensive drugs

categorized according to their systolic biood pressure

(SBP) levels or diastolic blood pressure (DBP) levels

Blood pressure category

1 Il I\ \ P value
SBP (mmHg)
30-64 years old 1 2.91 (0.71-11.92) 3.89 (0.92-16.51) 10.30 (2.78-38.11) 18.18 (4.22-78.29) < 0.001
85-74 years old 1 4.17 (0.65-26.70) 7.62 (1.43-40.52) 4.1 (0.60-27.84) 14.77 (3.30-66.12) < 0.001
75 years old or more 1 1.83 (0.74-4.54) 1.92 (0.78-4.71) 2.46 (1.01-6.04) 2.89 (1.12-7.45) 0.038
Al ages 1 2.36 (1.17-4.77) 3.00 (1.51-5.94) 3.46 {1.75-6.84) 5.13 (2.59-10.16) < 0.001
DBP (mmHg)
30-64 years old 1 1.06 (0.39-2.87) 1,75 (0.60-5.11) 1.67 (0.69-4.07) 3.34 (1.49-7.47) 0.01
65-74 years old 1 1.70 (0.67-4.27) 2.74 (1.07-7.01) 2.61 (1.16-5.87) 3.62 (1.53-8.57) 0.003
75 years old or more 1 0.85 (0.55-1.33) 1.26 (0.77-2.05) 1.16 (0.76-1.77) 1.37 (0.77-1.16) 0.156
All ages 1 0.98 (0.68-1.42) 1.50 {1.00-2.23) 1.42 (1.01-2.01) 2.05 (1.37-3.08) 0.001

Systolic blood pressure category: I, < 120 mmHg;
category: |, < 80 mmHg; Il, 80-84 mmHg; Ill, 86-89 mmHg;
hazard tests in a 19-year follow-up of NIPPON DATAB80.

associated with a significant increase in the relative risk of
CVD (P = 0.038). Table 3 presents the calculated multi-
adjusted hazard ratios of SBP and DBP for one standard
deviation increases controlled for age, smoking habits,
drinking habits, casual blood sugar, and serum total
cholesterol. Elevated SBP and DBP were both signifi-
cantly related to mortality from CVD in the groups of 30—
64 and 65~74 years old. As the results of the univariate
analysis, however, the relationship between DBP levels
and CVD mortality was not clear in the 75 years and
older group. Age-adjusted multivariate-adjusted relative
risks of elevated DBP levels for CVD mortality for all of
the age groups were therefore significant but lower than
those of elevated SBP levels. These data show that
elevated SBP is an independent risk factor for GVD
mortality for all age groups, whereas elevated DBP is
not an independent risk factor for CVD mortality for
elderly individuals.

Discussion

NIPPON DATASO is a cohort study of a representative
population of Japan. Using this dataset, we analyzed the
age-specific effects of elevated SBP and DBP on CVD
mortality rates in Japanese male subjects that were not
receiving antihypertensive treatment. This study shows
the significant effects on cardiovascular mortality of ele-
vated SBP and DBP levels for younger individuals, and
that of elevated SBP, but not DBP, for elderly individ-

Table 3 Multivariate-adjusted standardized hazard ratio (95%

confidence interval) with one increase of the standard deviation of
systolic blood pressure and diastolic blood pressure for mortality
from cardiovascular diseases in men aged 30-64, 65-74, 75 years
or more, and all ages in the 19-year follow-up of NIPPON DATA8C

Age band Systolic blood pressure Diastolic.blood pressure
30-64 years 1,53 (1.19-1.96) 152 (1.12-2.06)
65-74 years 1.70 (1.31-2.20) 1.60 (1.21-2.10)
75 years or more 1.23 (1.03-1.48) 1.10 (0.94-1.28)
All ages 1.31 (1.17-1.47) 1.27 (1.10-1.46)

A multivariate proportional hazard model (Cox) was used to adjust for age, serum
total cholesterol, casual blood sugar, smoking habits, and drinking habits.

38

Il, 120—139 mmHg; Hl, 140—159 mmHg; 1V, 1680—179 mmHg; V, 180 mmHg or more. Diastolic blood pressure
IV, 90-99 mmHg; V, 100 mmHg or more. P values are from tests for linear trends using Cox proportional

uals. The effects of SBP and DBP levels were similar for
30—64 and 6574 year olds.

When other major cardiovascular risk factors were
accounted for, elevated SBP and DBP were independent
risk factors for mortality from CVD for individuals of all
ages. The relative risks for all of the age groups observed
in this study were lower than those observed in other
studies in Japan [8,13—-16]. These differences may be
explained by the difference in the age of the target
population (this study included participants that were
aged 80 years or more who have a smaller relative risk
than younger men) and by the exclusion of the poten-
tially high-risk individuals that were receiving antihyper-
tensive treatment.

For the groups of 30-64 and 65-74year olds, we
observed a significant relationship between CVD
mortality and both SBP and DBP levels. In agreement
with previous reports, multivariate-adjusted hazard ratios
for one standard deviation increases of SBP or DBP show
similar values for GVD mortality in these age groups. In
the individuals of 75 years of age or more, however,
elevated DBP was not significantly related to CVD
mortality, whereas elevated SBP was.

A limitation of this study is that the blood pressure
measurements were made once in the baseline survey
and no changes in blood pressure levels or drug-treatment
status was included in this analysis, since this baseline
survey was intended to observe prevalence of major
cardiovascular risk factors among Japanese in 1980. How-
ever, the increasing trends in the percentage of partici-
pants under drug treatment among hypertensive
participants in 1990 and 2000 National Cardiovascular
Surveys strongly suggest that the treatment status among
enrolled participants in 1980 may have changed [17}. The
observed relationships are therefore likely to be under-
estimated. We used the age-specific person-year method
to calculate age-specific mortality rates. This may also
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dilute the relationship between blood pressure and car-
diovascular mortality, since each blood pressure value
used to categorize the participants was not measured
regularly (e.g. every 5years after the baseline survey)
but was instead recorded only at baseline. The difference
in the relationships of SBP and DBP to CVD mortality in
the elderly participants, however, is probably not influ-
enced by this underestimation. Finally, we could not
perform cause-specific analysis because of the limited
numbers of cases. We also could not perform age-specific
analysis for women because of the small number of
deaths in the younger generation. Further studies should
therefore be conducted to examine the age-specific
effects of SBP and DBP on stroke, coronary heart disease,
and heart disease for men and women using collaborative
large-scale cohort studies.

A national survey on cardiovascular diseases of Japan
showed that SBP levels increase almost linearly with
age, whereas DBP levels rise until age 60 and decline
thereafter [17]. The major hemodynamic determinant of
elevated SBP levels in the elderly is increased large artery
stiffness, which may also lead to reduced DBP levels
[18,19]. Thus, hypertension in the elderly is character-
ized by increased SBP. In agreement with previous
reports, this study clearly shows that SBP, but not
DBP, is a strong risk factor for cardiovascular mortality
in elderly individuals. Future CVD risk assessments and
hypertension treatments should target older individuals
with high SBP and low DBP levels, not just high SBP and
high DBP levels.
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