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Impact of elevated blood pressure on
mortality from all causes, cardiovascular
diseases, heart disease and stroke among
Japanese: 14 year follow-up of randomly
selected population from Japanese —

Nippon data 80

Nippon Data 80 Research Group

The objectives of the study were to clarify the relation-
ship between blood pressure and mortality from
siroke, heart disease, cardiovascular diseases and all
causes of death among representative population of
Japanese and to estimate category-specific excess
moriality from stroke due to blood pressure (BP) level.
The study design comprised a reirospective cohort
study using the 1980 National Survey on Cardiovascular
Diseases and identification of underlying causes of
death using national vital statistics data. In 1994, a 14-
year follow-up cohort study was conducted among
participants of the National Survey on Cardiovascular
Diseases in 1980, randomly selected from the Japanese
population. With a collaboration of 300 public health
centres, which had conducted the original survey in
1980, 91.4% of the participants of the original survey
could be followed up. Total observed person-years were
53948 for men and 70932 for women. During foliow-up,

1327 deaths were observed. BP levels were significantly
related to mortality from strokes, cardiovascular dis-
eases and all causes of death jor both sexes (P<0.001).
Heart disease mortality was significantly related to BP
levels among men (P<0.05) while not among women.
Estimated excess mortality was 130% for men and 42%
for women and chiefly observed among moderate
hypertensives (48% for men and 16% for women). In
conclusion, high blood pressure was a risk factor for
mortality from all causes as well as those from
cardiovascular diseases, siroke and heart disease
among Japanese. Since the major part of excess
mortality was due to mild hypertension, a population
strategy to reduce blood pressure should be encour-
aged.
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Intrbduction

Japan. has low mortality from ischaemic heart
disease (IHD) with moderate mortality from stroke
and the longest life expectancy in the world.
Recent changes in lifestyles may have considerable
effects on cardiovascular risk factors. Blood pressure
(BP) levels have decreased rapidly and serum
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cholesterol levels have been increasing.*” Reflecting
changes in these risk factors, mortality rates from
cardiovascular diseases (CVD) have changed ra-
pidly.® During the years from 1969-70 to 1991-92,
age-adjusted stroke mortality rate for 30—69 year
olds has declined, 77% for men and 78% for
women.*

Prevalence of risk factors for Japanese are different
from those in Western countries, but the relation-
ship of the risk factors to cardiovascular incidence
and mortality appears essentially the same as those
in Western countries.®” However, since the Japanese
data are mainly from small cohorts in rural popula-
tions, comprehensive analysis of the effect of risk
factors on CVD mortality and mortality from all
causes has not been reported from large Japanese

populations.
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In 1980, the National Survey on Cardiovascular
Diseases was conducted for participants randomly
selected from the Japanese population.® Since the
follow-up study of this representative population
will usefully inform the public health policy of
Japan, we used these data as the baseline for a
retrospective cohort study with the cooperation of
300 public health centres that conducted the
National Survey in 1980. We also conducted a
survey of activities of daily living of the survivors
aged 65 and above at the follow-up in 1994.

We examine the impact of elevated BP on
mortality from all causes, CVD, heart disease and
stroke.

Subjects and methods

In the National Survey on Cardiovascular Diseases
in 1980, 300 zones were selected using the stratified
random sampling method based on the national
census in 1975. All residents aged 30 years or more
in these zones were invited to this survey. A total of
10558 participants aged 30 years or more (response
rate: 78.5%) were examined with assessment of past
and present history of hypertension, stroke and
myocardial infarction. Body height and body weight
was measured under light clothes and body mass
index (BMI} was calculated by body weight (kg)
divided by square of body height (m). BP and pulse
rates were measured after a 5min rest by trained
public health nurses of each public health centre
using a standard mercury sphygmomanometer.
Frequency of drinking per week and average number
of cigarettes per day were assessed using question-
naires. Serum total cholestercl levels were deter-
mined in a laboratory under the quality control
programme of the Center for Disease Control in the
United States. Casual blood sugar levels were
determined in the same laboratory using the deox-
idized method. Details of this survey are published
elsewhere.®

In 1994, we asked the 300 public health centres
that took part in the 1980 National Survey to follow-
up the original participants by their name and age in
1980, since these were recorded on the participant
list. The public health centres reported date of birth,
present address and date of death, if dead. We
conducted the second follow-up survey for the
participants for whom they could not obtain the
information (n=2345). To identify the participants’
address, we used telephone books and residential
maps of 1980 stored in the National Library of
Parliament. Using this method, we could follow-up
1135 (10.8%) of the original participants.

We requested registration records of the partici-
pants in the cities or towns where they lived. If the
participants had moved out of the town, we
requested their registration record from the cities
or towns where they had moved to. We could get
information on 9648 participants with a follow-up
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rate of 91.4%. We found 1327 deaths during the
follow-up.

We used computerized vital statistics data tg
identify the underlying causes of deaths of thg
participants who died during the follow-up by date
of birth, sex, date of death and area code of the place
of death with the permission of the Management and
Coordination Agency, Japan. Underlying causes of
death were assigned centrally from death certificates
according to the International Classification of
Disease (ICD 9); (Stroke: 430438, and heart disease:
410429, CVD 390-458). We could identify the
cause of death for 99.5% of the dead participants,
Since the observed number of deaths from IHD were
small (43 for men and 46 for women), we included
these deaths in the heart disease category.

Participants were classified into six BP groups
according to JNC-VI® (ie, I. SBP<120mmHg and
DBP<80mmHg, II: SBP<130mmHg and DBP<
85 mmHg, I1T: SBP <140 mmHg and DBP <90 mmHg,
IV: SBP«<160mmHg and DBP<100mmHg, V:
SBP<180mmHg and DBP<110mmHg, VI
SBP =180mmlg or more or DBP =105mmHg or
more). Participants with antihypertensive treatment
of SBP<160mmHg and DBP<100mmHg, of
SBP <180mmHg and TNRP<110mmHg and of
SBP =180 mmHg or more or DBP =110 mmHg were
classified into IV, V and VI groups, respectively.
Participants with diabetes were assigned by past
history of diabetes and/or casual blood su-
gar=200mg/dl or more.

To analyse CVD mortality associations, partici-
pants with a past history of myocardial infarction
(AMI: n=45) or stroke (n=110) were excluded. For
stroke analyses, participants with a past history of
stroke were excluded and for heart disease analyses,
participants with a past history of AMI were also
excluded.

Statistical analysis

The person-year method of analysis was used and
age-adjusted mortality rates were calculated accord-
ing to the standard population of Japan in 1985. Age-
adjusted relative risks and 95% confidence intervals
were calculated using the Mantel-Haenszel proce-
dure. The test for linear trends was used to test the
overall relationship of blood pressure to mortality
rate using the Cox proportional hazard model
adjusting for age.

The Cox proportional hazard model was used to
calculate multiadjusted relative risks of a BP
category increase controlling for age, BMI, serum
total cholesterol, presence of diabetes, smoking
category and drinking category and then we calcu-
lated multiadjusted attributable risk for each BP
category. We calculated percentage excess mortality
as the product of the multi-adjusted attributable risk
and percentage of the participants in the BP
category.



Resulis

Overall follow-up rate was 91.4%; the rate was
significantly lower in the 30-59 years group (90.1%)
than for those of the >60 years group (92.4%,
P<0.05). The number of participants who moved
from the original address during the follow-up was
7.8% (9.1% for 30-59 year group and 4.0% for
people 60 years or more, P<0.05).

Table 1 shows the baseline characteristics of the
participants according to BP levels for both sexes.
The number of participants in Group IV was the
most frequent for both sexes. Mean ages, SBP, DBP,
serum total cholesterol and prevalence of antihy-
pertensive treatment were significantly different
among BP groups for both sexes. Prevalence of
drinking and smoking was significantly different
among BP groups among men while not significant
for women.

Table 2 shows the number of deaths and age-
adjusted rates per 100000 person-years for all
causes and cause-specific mortality. Total observed
person-years were 53948 for men and 70932 for
women. For both sexes, age-adjusted mortality rates
from all causes, CVD, heart disease and stroke,
incroased with BP levele. The mortality from all
causes with severe hypertension (Group VI) was
1406 per 100000 person-years for men and was
similar to those for women (1327 per 100000
person-years), while that in optimal BP level {Group
I} was higher in men (790 per 100 000 person-years)
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than in women (432 per 100 000 person-years). As
with the mortality rate from all causes, most
increases in cause-specific mortality with increasing
BP levels were clearer among men than in women,

Table 3 shows the relative risks and 95-percent
confidence interval of mortality from all causes and
specific causes according to BP levels for men and
women. Relative risk of death from all causes was
significantly higher in Group VI for both sexes than
in Group I, the test for linear trend shows significant
relationship with BP levels and mortality from all
causes for men (P<0.001) while not significant
among wormen. Relative risk of mortality from CVD,
heart disease and stroke increased significantly with
BP levels among men. In women, the relative risk of
CVD and stroke death similarly increased with BP
levels. However, the relationship of heart disease
mortality with BP levels was not clear.

Table 4 shows the results of multiadjusted relative
risk of a one-level increase of WHO category
controlled for age, BMI, smoking habits, drinking
habits, serum total cholesterol and presence of
diabetes. For both sexes, BP levels were significantly
related to mortality from all causes, CVD and stroke.
However, the relationship of BP levels to heart
disease mortality wae different. For men, the relative
risk for heart disease was significantly related to BP
levels, while not among women.

These data show that elevated blood pressure is
an independent risk factor for mortality from all
causes as well as from cardiovascular diseases for

Table 1 Baseline characteristics of participants according to BP categories

I I i v v Vi
Men
No 560 742 906 12586 543 238
Age (year) 44.5 (10.9) 45.1 (11.3) 47.4 (12.4) 54.0 {12.5) 58.3 (13.0) 60.4 (12.3) i
SBP (mmHg) 110.8 (5.7) 122.8 (3.7) 131.7 (4.9) 145.0 (7.9) 163.7 (8.2) 188.1 (15.3) -
DBP (mmHg) 69.7 (7.1) 75.7 (6.3) 81.2 (7.3) 87.3 (8.6) 95.7 (10.0) 103.2 (13.4) =
BMI (kg/m?) 21.6 (2.7) 22.2{2.7) 22.5 (2.8) 22.8 (2.8) 22.9 (2.9) 22.9 {3.2) **
Serum cholesterol (mg/dl) 181.0 (31.7) 182.8 (31.7) 186.9 (31.4) 188.2 (33.4) 188.8 (34.3) 186.9 {36.3) *x
Drinking (%) 39.5 41.6 45.4 51.0 53.8 61.4 o
Smoking (%) 65.5 67.1 65.4 60.6 57.6 58.6 o
Diabetes (%) 3.6 3.9 3.2 6.3 8.1 8.0 **
Antihypertensive treatment (%) 0.0 0.0 0.0 15.7 31.3 32.4 e
Women

No 1245 1014 967 1385 564 218
Age (year) 43.1 (10.8) 45.9 (11.8) 49.0 (11.6) 57.1 (11.8) 61.1 (11.5) 62.8 (11.2) *x
SBP (mmHg) 109.4 (6.6) 122.9 (3.4) 131.9 (4.3) 144.5 (8.0) 165.4 {(6.2) 189.3 (14.4) *
DBP (mmHg) 68.1 (7.2) 74.7 (6.7) 80.5 (6.8) 84.7 (8.2) 92.1 (8.7) 100.8 (14.8) o
BMI (kg/m?) 21.7 {2.9) 22.2 {3.0) 23.0 (3.2) 23.6 (3.5) 23.9 (3.8) 24.7 (3.9) *
Serum cholesterol (mg/dl) 181.4 (31.5) 184.2 (31.2) 191.2 (35.0) 198.2 (33.4) 201.0 (35.1) 205.7 (34.7) *x
Drinking (%) 2.7 2.5 2.4 3.2 3.9 1.8 NS
Smoking (%) 9.7 9.5 6.5 9.0 9.0 9.1 NS
Diabetes (%) 0.8 1.8 2.1 4.3 3.7 6.8 *x
Antihypertensive treatment (%) 0.0 0.0 0.0 23.8 35.8 52.8 *

**Significantly different among BP categories (P<0.01), NS: not significant.

I SBP<120mmHg and DBP<80mmHg, [I: SBP<130mmHg and DBP<85mmHg, II: SBP<140mmHg and DBP<80 mmHg, IV:
SBP <160 mmHg, DBP <100 mmHg, V: SBP<180mmHg and DBP<110mmHg, VI SBP=180mmHg or more or DBP=105mmkHg or more.
Participants with antihypertensive treatment of SBP<160mmHg and DBP <100mmilg, of SBP<180mmHg and DBP <110 mmHg and of
SBP=180 mmHg or more and DBP=110mmHg were classified into IV, V and VI groups, respectively.
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Table 2 Person-years, mortalty numbers and age-adjusted mortality rate (per 10000 person-years) according to base-line SBP and DBP
levels for deaths from all causes, CVD, heart disease and stroke by 14-year follow-up of the participants of National Survey on

Cardiovascular Diseases in 1980 (Nippon Data 80)

Total I I I v \%4 vI
No. rate No. rate No rate No. rate No. rate No. rate

Men

Person-years 53948 6516 10772 10378 16176 6844 3261

All causes 34 {(790) 60 (770) 99 (1071) 219 (877) 139 (1083) 98 (14086)

CVD 3 (79) 15 (208) 33 (374) 77 (310) 64 (474) 40 (822}

Heart disease 1 (11) 9 (121) 16 (195) 39 (158) 27 (220} 18 (249)

Stroke 2 (67) 5 77) 15 (162) 34 (135) 34 (233) 22 (372)
Women

Person-years 70932 15711 14716 11880 18501 7266 2858

All causes 44 (432) 72 (586) 60 (448) 227 (671) 114 (667) 75 (1327)

CVD 13 (151) 29 (265) 16 (131) 91 (243) 59 (390) 35 (737)

Heart disease 8 (85) 17 (144) 9 (69) 40 (104} 33 (160) 13 (187)

Stroke 3 (45) 12 (120} 6 (53) 44 (122) 24 (223) 18 (513)

I: optimal BP, II: normal BP, IIT: high normal BP, VI: mild hypertension, V: moderate hypertension, VI: severe hypertension.

Table 3 Age-adjusted relative risk and 95 percent confidence interval for deaths from all causes, CVD, heart disease and stroke according
to BP categories by Mantel-Haenszel method for 14-year follow-up of the participants of National Survey on Cardiovascular Disease in
1980. P-values of the test for linear trends were calculated using the Cox proportional hazard model

I I I 1% v 171 P

Men

All causes 1 1.01 {0.66-1.53) 1.21 (0.82-1.79) 1.07 (0.74~1.56) 1.38 (0.95-2.00) 1.63 (1.06-2.51) <0.001

CVD 1 2.80 {0.87-9.05) 3.97 (1.32~11.94) 3.88 {1.30-11.63) 6.65 (2.49-17.73) 7.66 (2.71~21.70) <0.001

Heart disease 1  5.25 (0.83—-33.01) 6.38 (0.88—46.26) 7.68 (1.07-55.23) 18.27 (2.86~130.00) 32.28 (3.14—332.00) 0.024

Stroke 1 1.36 (0.27-6.82) 262 (0.68-10.11)  2.27 (0.60-8.63) 3.70 (1.11-12.28) 4.69 (1.42-15.50) <0.001
Women

All causes 1 1.33(0.92-1.93)  1.11 (0.75-1.63)  1.58 (1.15-2.18) 1.40 (0.97-2.03) 2.36 (1.62—3.45) 0.076

CVD 1 1.73 (0.91-3.29) 0.92 (0.44—1.92) 1.82 (1.03-3.20) 2.17 (1.23-3.85) 3.22 (1.86-5.60) 0.005

Heart disease 1 1.62 (0.70~3.72) 0.87 (0.35—2.18) 1.23 (0.58-2.61) 1.94 (0.89—4.24) 1.87 {0.77—4.53) 0.24

Stroke 1 3.00 (0.95-9.44) 1.28 (0.32-5.14) 3.48 (1.29-9.34) 3.28 (1.30-8.26) 6.06 (2.80-13.12) 0.004

I: optimal BP, II: normal BP, III: high normal BP, VI: mild hypertension, V: moderate hypertension, VI: severe hypertension.

Table 4 Multivariate-adjusted relative risk (RR) and 95% confidence interval (95% CI) with one-level increase of WHO category (I:
optimal BP, II: normal BP, III: high normal BP, VI: mild hypertension, V: moderate hypertension, VI: severe hypertension) for mortality

from all causes CVD, heart disease and stroke®

Men Women
RR (95% CI) RR (95% CI)
All causes 1.16 (1.09-1.23) 1.09 (1.03-1.17)
CVD 1.37 (1.28-1.52) 1.18 (1.07-1.31)
Heart disease 1.29 (1.11-1.51) 1.12 (0.97-1.28)
Stroke 1.45 (1.24-1.69) 1.27 (1.09-1.49)

*A multivariate proportional hazard model (Cox} was used to adjust for age, BMI, serum total cholesterol, DM status, smoking category and
drinking category.

of participants in the 1980 survey (lines) in each BP
category for men and for women. The overall
percentages of excess mortality of elevated BP

both sexes. Figure 1a and b show the percentage of
excess stroke mortality (bar) calculated by multi-
adjusted relative risks (Table 4) and the prevalence
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Figure 1 Prevalence of participants (line) according to SBP levels
in 1980 survey and estimated percentage excess mortality from
stroke (Bar) using multivariate-adjusted relative risks considering
the less than 120 mmHg SBP and DBP <80 mmHg (group 1) as the
reference among men (a) and women (b) (I: SBP <120mmHg and
DBP <80mmHg, O: SBP«130mmHtg and DBP<85mmHg, II:
SBP <140 mmHg and DBP <90mmHg, IV: SBP <160 mmFig and
DBP <100mmHg, V: SBP «180mmHg and DBP «110mmHg, VI:
SBP =180 mmHg or more or DBP =105 mmHg or more). Partici-
pants with antihypertensive treatment of SBP <160 mmHg and
DBP <100 mmHg, of SBP <180 mmHg and DBP <110mmHg and
of SBP =180 mmHg or more or DBP = 110 mmHg were classified
into IV, V and VI groups, respectively.

considering the group I (optimal BP level) as
reference group were 130% for men and 42% for
women. Although relative risk was highest in the
group VI (severe hypertension), the prevalence of
this BP group was only 5.6% for men and 4.5%
women. Thus, estimated excess stroke mortality was
chiefly due to the group IV (mild hypertension) for
both sexes: 48% for men and 16% for women.

Discussion
Major findings from this study

This is the follow-up study in Japan using the
participants randomly selected in 300 districts

Impact of elevated blood pressure
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throughout Japan in 1980 (NIPPON DATA 80). We
analysed the comprehensive effect of elevated BP on
mortality from stroke, heart disease, CVD and al]
causes of death using BP categories according to
JNC-VL® For men, elevated BP level was an
independent risk factor for mortality from all causes
as well as CVD, heart disease and stroke mortality
before and after controlling for other major cardio-
vascular risk factors. For women, a significant
relationship of BP levels to mortality from all
causes, CVD and stroke was also observed but not
for heart disease.

In the analysis of excess stroke mortality accord-
ing to BP levels, the major contribution was from the
group IV (mild hypertension) for both sexes rather
than from the highest BP group. The prevalence of
hypertension was much lower than that in 1965
survey (15% for men and 14% for women).?

The observed relationships of elevated BP to CVD
and stroke mortality are consistent with other
studies.>”**** The relative risks are relatively
smaller than those from other studies in Japan.37:14
These differences may be explained by the differ-
ence of the age of the target population, since this
study includes older participants who are 80 years
and above with smaller relative risk than the
younger generation.

Design of this study

Although well-designed cross-sectional surveys can
be used for the baseline data for the follow-up study,
it is difficult to perform the follow-up with a high
performance rate after 14 years. At the beginning of
this study, we had information only on name, age
and sex for the participants of the National Survey
on Cardiovascular Disease in 1980. However, with
the cooperation of most of the 300 public health
centres involved in the original survey in 1880, we
could get the date of birth, present address and, if
the person was dead, date and place of death for
most of participants. We also used computerized
telephone lists in 1994, telephone books and
residential maps in 1980 to get more information
on the participants. In this study, we had a high
follow-up rate (91.4%) and could specify the under-
lying causes of deaths in 98.3% of participants.

Since the original survey in 1980 was not
designed for follow-up, several limitations should
be kept in mind in interpreting the results. Risk
factors were only observed once at the baseline
survey, and changes in lifestyles or risk factor levels
were not considered. Therefore, the risk of high
blood pressure may be underestimated. We con-
ducted a cause-specific mortality-based study using
centrally coded national vital statistic data, which
was not validated. This may also reduce the
relationship between risk factors and disease occur-
rence since nonspecific causes occasionally appear
on the death certificate.*
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Our study design is a retrospective cohort study
and some deaths in the early stage of the follow-up
period may have been missed since the residential
record is usually discarded 5 years after death or
moving out. However, the follow-up rate was
significantly higher in those who were 60 years or
above in 1980 than those under 60 years reflecting
the high moving out rate among the younger age
group. Thus, loss of follow-up seems to be due to
moving from the original address rather than to
death in the early follow-up period. Moreover,
mortality was similar in the Japanese population
and the influence of loss of follow-up seems to be
minimal.

The treatment rates with anti-hypertensive drugs
among participants with hypertension
(SBP>160mmHg or DBF>95mmHg or with anti-
hypertensive treatment) were 45% for men and 57%
for women.®? Since BP may change with treatment
and the same BP level with or without treatment
may not imply the same mortality rate, the observed
relationship between BP levels and mortality may be
diluted, especially in women.

Effect of elevated BP on heart disease mortality

In this study, we used heart disease mortality as a
category to estimate the overall effect of elevated BP
on heart-related mortality since IHD mortality
numbers were very small for both sexes. Since
mortality from heart disease includes other non
specific causes (ie, mortality from heart failure), the
observed relationships may be diluted. Among men,
the relationship of SBP levels to heart disease
mortality was significant before and after adjust-
ment of other risk factors, in good agreement with
other reports on IHD incidence in Japan.®®?®

However, among women, no significant relation-
ship was observed between elevated BP and mor-
tality from heart disease. The percentage of heart
failure in the heart disease was 70% in women
(1987) while 66% among men (1987) in Japan, and
this high percentage of nonspecific causes among
women may be related to the lack of a relationship of
elevated BP to heart disease mortality among
women.*

Public health implication

Mortality from stroke among Japanese has decreased
by 80% during the last 30 years with the continuous
decline of BP levels and has now reached moderate
rates. Their decline may be due to changes in
lifestyles such as reduction in salt intake® as well
as an increasing treatment rate among hyperten-
sives.®"” As shown in this report, elevated BP is still
one of the leading causes of death among Japanese,
while the impact of high BP shown in this study
may be overestimated because of continuous declin-
ing trends after this baseline survey.*?

Journal of Human Hypertension

Excess stroke mortality due to elevated BP is sti]]
high and efforts to reduce the BP level among
Japanese should continue. Since mild hypertension
is a major source of excess stroke death (Figure 1),
lifestyle modification should be emphasized for the
whole population. We should also pay more atten-
tion to reducing other risk factors such as smoking
and the continuing increase of serum total choles-
terol levels among Japanese.*®
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Table2 Mortality from cancer by smoking habit

smokers total
cancer site non-smokers ex-smokers total(3) -20 cig/day 21-40 cig/day 41- cig/day subjects
All sites:
Male
No of deaths 48 67 230 150 70 10 345
Mortality(1) 335 423 543 515 586 551
Relative risk(2) 1.00  1.17(0.80-1.70) 1.62 1.39(0.99-1.93) 1.77(1.21-2.58)  1.70(0.85-3.40) trend(+)
PAF(%) 29.5 10.0 13.0 6.5
Female
No of deaths 205 5 23 22 1 0 233
Mortality(1) 247 170 268 275 i34 -
Relative risk(2) 1.00 0.79(0.32-1.94) 1.09 1.15(0.73-1.81) 0.75(0.10-5.45)
PAF(%) 27 2.8 -0.03
Lung:
Male
No of deaths 3 8 68 40 24 4 7%
Mortality(1) 23 51 158 129 225 221
Relative risk(2) 1.00  2.35(0.62-8.91) 6.76  5.99(1.84-19.51) 11.16(3.31-37.66) 13.10(2.88-59.70) trend(+)
PAF(%) 42.9 233 16.5 3.1
Female
No of deaths 20 0 7 6 1 0 27
Mortality(1) 24 - 88 80 134 -
Relative risk(2) 1.00 - 3.67 3.40(1.29-8.93) 10.25(1.19-88.26) - trend(+)
PAF(%) - 7.1 6.3 0.8

(1)Rate/100,000 person-years adjusted for age according to the person-year distribution of the entire cohort

(2)Relative risk and 95% confidence intervals adjusted for age, body mass index, place of residence and alcohol drinking habit
(3)Relative risk was not adjusted for body mass index, place of residence or alcohol drinking habit

PAF: population attributable fraction
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An Association (Population Attributable Fraction) between Smoking
Habit and Mortality from all Causes, Cancer and Lung Cancer:
NIPPON DATAS80, 1980-1999. National Integrated Projects
for Prospective Observation of Non-communicable
Diseases and its Trend in the Aged

Katsuhiko KAWAMINAMI™, Masumi MINOWA™, Akira OKAYAMA™,
Takehito HAYAKAWA™, Hirotsugu UESHIMA™ and NIPPON DATAB80 Research Group

“Department of Epidemiology, National Institute of Public Health, Saitama
*2Department of Hygiene and Preventive Medicine, Iwate Medical University School of Medicine, Iwate
Department of Health Science, Shiga University of Medical Science, Shiga

Abstract Objectives: The authors examined the relationship and the population attributable fraction
(PAF) between smoking habit and death from all causes, including cancer and lung cancer.

Methods: The baseline data were collected in the National Cardiovascular Survey in 1980 carried out
for all household members aged 30 years or older in 300 districts, which were randomly selected throughout
Japan. The number of participants in the survey was 10,546. The vital status was ascertained in 1999, and
he calculated the adjusted relative risk of mortality and the PAF of mortality attributable to stopping smoking.

Results: A total of 9,629 subjects were available for the final analyses. There were 165,190 person-
years of follow-up, and 2,011 deaths from all causes, including 579 deaths from cancer and 106 deaths from
lung cancer. After adjustment for age and other cancer risk factors, smoking habit was associated with mor-
tality from all causes, cancer and lung cancer. These associations had positive trends.

The PAF (%) from all causes was 9.0 (male), 1.6 (female). The PAF (%) from cancer was 29.5 (male),
2.7 (female) and that from lung cancer was 42.9 (male), 7.1 (female).

Conclusions: After adjustment for age and other cancer risk facters, smoking habit was associated
with mortality from all causes, cancer and lung cancer. These associations had positive trends.

The PAF (%) from all causes was 9.0 (male), 1.6 (female). The PAF (%) from cancer was 29.5 (male),
2.7 (female) and that from lung cancer was 42.9 (male), 7.1 (female).

Key words: smoking habit (M2FEZ1E), mortality rate (FET-), lung cancer (Afid3A), population attrib-
utable fraction (AR #HF&EIE)
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Table 1 Total mortality by smoking habit

all non- smokers
subjects smokers XSO total 3)  —20cig/day 21-40 cig/day 41-cig/day
Entire cohort:
Male
No of deaths 1091 177 240 672 472 174 26
Mortality (1) 1151 1438 1663 1620 1658 1332
Relative risk (2) 1.00  1.19(0.98-1.45) 1.45 1.31(1.10-1.56) 1.52(1.23-1.89) 1.58 (1.04-2.41) trend (+)
PAF (%) 9.0 3.5 4.5 0.9
Female
No of deaths 920 782 30 105 95 10 0
Mortality (1) 949 999 1179 1149 1551 —_
Relative risk (2) 1.00  1.10(0.75-1.59) 1.24 1.27(1.02-1.58) 1.98 (1.05-3.74) — trend (+)
PAF (%) L6 12 0.4 —
Excluding those with selected serious diseases (4):
Male
No of deaths 879 145 190 544 384 138 22
Mortality (1) 1077 1285 1529 1491 1498 1348
Relative risk (2) 1.00  1.15(0.92-1.43) 1.42 132 (1.08-1.60) 1.50 (1.18-1.91) 1.74 (1.11-2.75) trend (+)
PAF (%) 11.1 4.9 49 1.3
Female
No of deaths 774 656 27 91 83 8 0
Mortality (1) 879 1055 1086 1069 1344 —
Relative risk (2) 1.00  1.22(0.82-1.81) 1.24 1.31(1.03-1.65) 1.89(0.93-3.84) — trend (1)
PAF (%) 0.9 0.6 0.3 —

(1) Rate/100,000 person-years adjusted for age according to the person-year distribution of the entire cohort.
(2) Relative risk (95% confidence intervals) adjusted for age, body mass index, place of residence and alcohol drinking habit.
(3) Relative risk was not adjusted for body mass index, place of residence or alcohol drinking habit.

(4) History of stroke, angina pectoris, myocardial infarction and diabetes.

PAF: population attributable fraction.
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BERE (2R, &8 A, BA) ICL5EEEFEDD
B, BAEREENEEICE U EAI, HeeficiEs
ZEFEBIZIDETETFHTEAEE  ADFEEAS
PAF (%) 22\ Tid, £ERE (Bih:9.0, & 1.6),
BA (BHE:29.5, mHE:2.7), FinA (BiHE:42.9, &
#:7.1) T#H o 7= (Table 1 @ Entire Cohort and Table 2:
PAF (%)),

& S

FREICRT BEE L BARCIPA L OBEFREY, &
EMsimERETHLMMILEDDRFELS (2,15
Ik BEAE adm— MR Lve<, OFEICEY 2
DOEMRERT T — X ehotz, BFUSICEBEaR—1
WEOKRTHD TFEBYE| i 5 TEARE] O
SHERREE, 2054 (B 1.65, “oiE 1. 32), WA (B
PE 445, ME2.34) R APIRER L T D L, &5
MITFARBETH -8, BRATATEEE (Bi:

6.76, et :3.67) THL L bICEWEEZFRL TV,
AT B OWE (19) T, BAREICB T 2EIC L 2 ME
RtV R EBTA4~5fF, KT2~3fFLEMEINT
WAR, ZThEDLARFERBERIIEVVEELZ R LTV,
R#EOHRETIE, BBEICRBITIMEECEIZ—E LT
AL TWAY, ZoERREEIEREADOEIN S
2ELTWVW3, ZOXIRIEFITRBITHMBAFLETED
bR &, AMREREOMBAAEERESELLbITE
VEERRLTWEZ & i, MohOBERHD EER
bil, BEICLAARAY R PEE-TZ ER—ER
EWD T EbHERENAS,

Wiz, BEDEE S PAF IC L VBT L 2k — MR
ML, SRR ARE~DOAOFSEREDFE
fili (20) <2, HDL cholesterol {EIZ 3317 B Mt OREBFT
OERE (21), BEIC L A EEE TOARIC L 3 HHiE
ROFCHE (22) #FMTAICL EEH-TWE, £/, H
FITRBNTHYE L XA & OBERE A DFSEREEH
WUSHF Lz BB 23) bH D, LiL, aFk—
FNEETHARRFT I INAT—FERANT, BE
DEER AOFEERE CHFE L 2MEHE IR, F
HREROERITIEVLEZI NS,



Affss Upn.J. Hyg) $£57% #H4%5 2003F1A

Table 2 Mortality from cancer by smoking habit

smokers
cancer site HOE_ ex-smokers ] ) ) total
SMOKEIS total (3) —20cig/day 2140 cig/day 41—cig/day subjects
All sites:
Male
No of deaths 48 67 230 150 70 10 345
Mortality (1) 335 423 543 515 586 551
Relative risk (2) 1.00  1.17 (0.80-1.70) 1.62 1.39 (0.99--1.93) 1.77(1.21-2.58) 1.70 (0.85-3.40) trend (+)
PAF (%) 295 10.0 13.0 6.5
Female
No of deaths 205 5 23 22 1 0 233
Mortality (1) 247 170 268 275 134 —
Relative risk (2) 1.00  0.79 (0.32-1.94) 1.09 1.15 (0.73-1.81)  0.75(0.10-5.45) —
PAF (%) 2.7 2.8 -0.05 —
Lung:

Male
No of deaths 3 8 68 40 24 4 79
Mortality (1) 23 51 158 129 225 221
Relative risk (2) 1.00  2.35(0.62-8.91) 6.76  5.99(1.84-19.51) 11.16 (3.31-37.66) 13.10 (2.88-59.70) trend (+)
PAF (%) 42.9 233 16.5 3.1
Female
No of deaths 20 0 7 6 1 0 27
Mortality (1) 24 — 88 80 134 —
Relative risk (2) 1.00 — 3.67 3.40 (1.29-8.93) 10.25 (1.19-88.26) — trend (+)
PAF (%) — 7.1 6.3 0.8 —

(1) Rate/100,000 person-years adjusted for age according to the person-year distribution of the entire cohort.
(2) Relative risk and 95% confidence intervals adjusted for age, body mass index, place of residence and alcohol drinking habit.
(3) Relative risk was not adjusted for body mass index, place of residence or alcohol drinking habit.

PAF: population attributable fraction.
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What cause of mortality can we predict by cholesterol
screening in the Japanese general population?
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Abstract. Okamura T, Kadowaki T, Hayakawa T,
Kita Y, Okayama A, Ueshima H (Shiga University of
Medical Science, Shiga, Japan; Iwate Medical Uni-
versity, Morioka, Iwate, Japan). What cause of
mortality can we predict by cholesterol screening in
the Japanese general population? | Intern Med 2003;
253: 169-180.

Objective. In a population with a markedly lower
coronary mortality such as in Japan, the benefit of
cholesterol screening may be different from Western
populations. We attempted to assess the importance
of cholesterol screening in Japan.

Design. A 13.2-year cohort study for cause-specific
mortality.

Setting. Three hundred randomly selected districts
throughout Japan in which the National Survey on
Circulatory Disorders 1980 was performed.
Subjects. A total of 9216 community dwelling per-
sons aged 30 years and over, with standardized
serum cholesterol measurement and without a past
history of cardiovascular disease.

Results. There were 1206 deaths, which included
462 deaths due to cardiovascular disease with 79
coronary heart diseases. Hypercholesterolemia

(>6.21 mmol L") showed a significant positive
relation to coronary mortality (relative risk;
2.93, 95% confidence interval; 1.52-5.63) but
not to stroke. Although hypocholesterolemia
(<4.14 mmo! L!) was significantly associated with
an increased risk of liver cancer, noncardiovascular,
noncancer disease and all-cause mortality, these
associations, except for liver cancer, disappeared
after excluding deaths in the first 5 years of the
follow-up. The multivariate adjusted attributable
risk of hypercholesterolaemia for coronary disease
was 0.98 per 1000 person-years, which was three-
fold higher than that of hypocholesterolemia for
liver cancer: 0.32 per 1000 person-years. The
attributable risk percentage of hypercholesterolae-
mia was 66% for coronary heart disease.
Conclusion. Similar to Western populations, it is
recommended to provide screening for hypercho-
lesterolaemia in Japan, especially for males, al-
though its attributable risk for coronary disease
might be small.

Keywords: attributable risk, cholesterol, cohort,
coronary, mortality, screening.

Introduction

A high level of serum total cholesterol (TC) is an
important causal risk factor for coronary heart
disease. Some studies have shown that a high
cholesterol concentration contributes to the develop-
ment of other cardiovascular diseases [1-3]. A basic

*[nvestigators and members of the research group are listed in the
Appendix.
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principle of prevention requires the measurement of
blood cholesterol to assess the risk status [2, 3]. After
the Health and Medical Service Law for the Elderly
was enacted in 1982, all Japanese citizens aged 40
and over have the opportunity to undergo screening
for TC, and those with hypercholesterolaemia are
provided with health services such as health educa-
tion or guidance to prevent coronary disease [4].

In contrast, low TC level has also been reported to
raise the mortality. The National Heart, Lung, and
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Blood Institute (NHLBI) Conference in 1990
reviewed and discussed previous observational
studies that had reported a U- or J-shaped associ-
ation between blood cholesterol level and noncoro-
nary mortality [5], and concluded that these
associations were explainable by confounding fac-
tors such as pre-existing cancers or respiratory
diseases, but further researches were recommended.
Since this conference, many studies have been
reported on this issue [6-17]. Some did not support
any causal contribution of low blood cholesterol to
the risk of death from noncoronary diseases [8, 11—
13, 15], but other studies, especially performed in
the East Asian subjects, showed contrary results
suggesting low mortality with a high blood choles-
terol level compared with Western populations [9,
10, 16, 17].

In populations with a low mean cholesterol level
such as in Japan, which has a markedly lower
coronary mortality or morbidity compared with
Western populations [18], the benefit of cholesterol
screening may be different. Pignone et al. suggested
that further research would be needed to estimate
the benefits of cholesterol screening in people of non-
European descent [19]. The purpose of this study is
to investigate the benefit of cholesterol screening as
a prediction marker for all-cause or cause-specific
mortality in the Japanese general population
through a 13.2-year prospective study.

Subjects and methods

Subjects

The subjects of this cohort were the participants of
the National Survey on Circulatory Disorders 1980
[20]. A total of 10 546 community-based subjects
aged 30 years and over in 300 randomly selected
areas all over Japan participated in the survey. It
included medical examinations, blood pressure
measurements, blood tests and a self-administered
questionnaire about lifestyle.

The cohort was followed until 1994 (NIPPON
DATA 80; The National Integrated Project for
Prospective Observation of Non-communicable Dis-
eases and Its Trends in the Aged, 1980) [21, 22]. In
order to clarify the cause of death, we used the
National Vital Statistics. In accordance with Japan'’s
Family Registration Law, all death certificates issued
by medical doctors were to be forwarded centrally to

the Ministry of Health and Welfare via the public
health centres in the area of residency. The under-
lying causes of death were to be coded according to
the 9th International Classification of Disease for the
National Vital Statistics. We confirmed death in-each
area by computer matching of data from the Vital
Statistics, using the area, sex, and date of birth and
death as key codes.

Of 10 546 subjects, a total of 1330 were excluded
for the following reasons: past histories of coronary
disease or stroke, n = 280, some missing informa-
tion at the baseline survey, n = 180; and lost to
follow-up, n = 870. We analysed the rest of 9216
subjects (4035 males and 5181 females). There was
no significant difference between subjects who were
lost to follow-up and censored in sex-specific mean
TC; 4.89 vs. 4.81 mmol L™" for males, 4.98 vs.
4.93 mmol L™! for females, respectively. Therefore,
the potential bias of the 8 70 subjects lost to follow-up
may be negligible.

Permission to use the National Vital Statistics was
obtained from the Management and Coordination
Agency, the Government of Japan. 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 physical examinations

The baseline surveys were conducted by public
health centres. Nonfasting blood samples were
drawn and centrifuged within 60 min of collection.
They were stored at —70°C until analyses. Serum
albumin and TC were analysed in a sequential
autoanalyser (SMA12; Technicon, Tarrytown, USA)
with the Lieberman-Burchard direct method for TC
and bromcresol-green method for albumin at one
specific laboratory (formerly, Center for Adult dis-
eases; Osaka, present name, Osaka Medical Center
for Health Science and Promotion). The laboratory is
a member of the Cholesterol Reference Method
Laboratory Network (CRMLN) [23], and the Meas-
urement precision and accuracy for serum choles-
terol were certified in the Lipid Standardization
Program administered by the Center for Disease
Control and Prevention, Atlanta.

Baseline blood pressures were measured by
trained observers using a standard mercury sphyg-
momanometer on the right arm of seated subjects
after at least 5 min rest. Hypertension was defined

© 2003 Blackwell Publishing Ltd Journal of Internal Medicine 253: 169-180



as systolic blood pressure being 140 mmHg or
higher, diastolic blood pressure being 90 mmHg or
higher, use of antihypertensive agents or any
combination of these. The serum level of glucose
was measured by a deoxidization method. Diabetes
was defined as a serum glucose level being
11.1 mmol L™ or greater, a past history of diabetes,
or both. Height in stocking feet and weight in light
clothing were measured. The body mass index (BMI)
was calculated as weight (kg) divided by the square
of height (m). Public health nurses confirmed
information on smoking and drinking habits, and
present and past medical histories.

Statistical analysis

The relation between TC and risk characteristics at
the baseline survey or cause-specific mortality was
described by dividing the subjects into four groups
stratified by the TC level. We used 4.14 mmol L™
(160 mg dL™"), 5.18 mmol L' (200 mg d.”!) and
6.21 mmol L™ (240 mg dL™Y) of serum TC as cut-
off points. The category of TC < 4.14 mmol L™! was
defined as hypocholesterolemia because such low
levels was reported to be associated with excess
mortality risk in the NHLBI Conference on low
cholesterol, based on cohort studies form Europe, the
United States and Japan, and in some previous
studies [5, 6, 9]. The other cut-off points were
selected in accordance with the manual for health
examinations under Japan’'s Health and Medical
Service Law [4]. In the manual, the TC of 5.18-
6.20 mmol L™! was defined as a level that required
lifestyle modification, and 6.21 mmol L™ and over
as a level that required referral to a doctor. These
criteria agree with that of Adult Treatment Panel III
[3]. The group with TC level of 4.14-5.17 mmol L™}
was defined as having the normal level.
Age-adjusted mean values were estimated with
analyses of covariance. Age-adjusted prevalences
with adjustment for 5-year age categories by the
Mantel-Haenszel method were estimated by com-
paring with the prevalence in the standard group.
The multivariate adjusted relative risk (RR) for all-
cause or cause-specific mortality was calculated
using a Cox’s proportional hazard model adjusted for
age, serum albumin, BMI, hypertension, diabetes,
cigarette smoking category (never-smoker, ex-smo-
ker, current smoker < 20 cigarettes day™' and
current smoker >20 cigarettes day™!) and alcohol
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intake category (never-drinker, ex-drinker, occa-
sional drinker and daily drinker). Sex was adjusted,
whilst a sex-combined analysis was also performed.
For some cause-specific mortality that reached sta-
tistical significance in the Cox’s proportional hazard
model, the multivariate adjusted RR was calculated
again excluding deaths within the first 5 years of
follow-up because subjects who had a severe but
subclinical disease might have had a low cholesterol
level. We estimated the multivariate-adjusted mor-
tality rates of some cause-specific mortalities that
showed a significant relation in the described analy-
sis in the hyper- or hypo-cholesterolemia group;
it was estimated by multiplying the multivariate
adjusted RR by the crude mortality rate of the
standard group. We estimated the multivariate-
adjusted attributable risk and attributable risk
percentage, [1 — (1/adjusted RR)]*100%, for hyper-
or hypo-cholesterolemia compared with the stand-
ard group.

All probability values were two-tailed and all
confidence intervals were estimated at the 95%
level. The Statistical Package for the Social Sciences
(SPSS Japan Inc. version 10.0 | Tokyo, Japan) was
used for the analyses.

Results

Figure 1 shows the age distribution of the present
study population. There was no significant difference
between males and females (y? = 5.2, P = 0.389).
The mean age in this population was 50.0 £ 13.2
(mean + SD) in all, 49.7 £ 13.1 for males and
50.1 + 13.3 for females. The mean serum TC in this
population was 4.88 mmol L™" (4.81 mmol L™* for
males and 4.93 mmol L™ for females).

Table 1 shows age-adjusted mean values or pre-
valences of the baseline characteristics of all subjects
in each cholesterol level category. There were signi-
ficant differences in the mean values for albumin
and BMI; they were higher in a higher cholesterol
group in both sexes. Compared with the normal
group, the hypercholesterolaemia (>6.21 mmol L)
group had a significantly higher prevalence of
hypertension in both sexes, a higher prevalence of
diabetes in females and a lower prevalence of daily
drinker and current smoker in males. In males, the
hypocholesterolemia (<4.14 mmol L) group for
TC showed a significantly lower prevalence of
hypertension compared with the normal group and
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Fig. 1 Distribution of age amongst 4035 males and 5181 females
at the baseline survey in a 13.2-year follow-up study.

the highest prevalence of current smokers, although
it did not reach statistical significance.

Total person-years were 121 392 and mean
follow-up period was 13.2 years. During the
follow-up, there were 1206 deaths (638 for males
and 568 for females). The number of total and
cause-specific deaths is shown in Table 2.
Amongst them, 38% {(n = 462, 36% for males

and 41% for females) were due to cardiovascular
diseases. There were 79 coronary heart disease
deaths, which represented 17% of deaths due to
cardiovascular disease. There were 216 stroke
deaths, which represented 47% of deaths due to
cardiovascular disease and this proportion was
threefold higher than that of coronary heart
disease. Deaths from cerebral haemorrhage were
about one half to one-third of cerebral infarction
deaths.

Amongst the total deaths, 29% (n = 353, 32% for
males and 26% for females) were due to cancers.
There were 92 stomach cancers, 65 lung cancers
and 33 liver cancers, a total of which represented
54% of deaths due to cancer. Age distribution of
cancer deaths was skewed towards younger popu-
lation than that of cardiovascular diseases. Of all the
deaths, 32% (n = 391, 32% for males and 33% for
females) were due to noncardiovascular and non-
cancer diseases. There were 80 pneumonias and 64
‘accidents, poisoning and suicide’ which represented
37% of deaths due to noncardiovascular and non-
cancer diseases.

In most diseases, 60-90% of deaths occurred after
60 years. However, concerning liver cancer,

Table 1 Age and age-adjusted mean values and prevalences of baseline characteristics stratified by cholesterol level at the baseline survey

Baseline serum cholesterol level (Stratum mean), mmol L™

Risk characteristics <4.14 (3.75) 4.14-5.17 (4.65) 5.18-6.20 (5.59) 6.21-(6.70) P-values
Male
Number of subjects 851 1937 1002 245
Age (years) 51.4 (14.3) 49.9 (13.5) 48.9 (12.7) 49.5 (11.7) <0.001
Albumin (g L) 43.3 (0.08) 44.2 (0.05) 43.3 (0.07) 43.3 (0.15) <0.001
BMI (kg m™2) 21.7 (0.10) 22.3 (0.07) 23.3 (0.10) 24.0 (0.19) <0.001
Hypertension (%) 38.0* 48.2 58.9* 75.0*
Diabetes (%) 1.2 1.0 1.6 1.2
Daily drinker (%) 45.3 49.2 47.5 33.3*
Current smoker (%) 73.2 65.2 45.4* 44.7*
Heavy smoker (>20 cigarettes day ') (%) 21.1 24.8 25.0 30.1
Female
Number of subjects 952 2325 1453 451
Age (years) 44.6 (13.1) 48.6 (13.2) 53.7 (12.8) 56.3 (11.9) <0.001
Albumin (g LY 42.9 (0.01) 43.4 (0.01) 44.1 (0.01) 44.5 (0.01) <0.001
BMI (kg m™?) 22.1 (0.11) 22,6 (0.07) 23.4 (0.09) 24.0 (0.16) <0.001
Hypertension (%) 32.9 35.1 47.9* 53.9*
Diabetes (%) 0.3 0.6 1.0 1.6*
Daily drinker (%) 3.6 2.8 2.9 1.9
Current smoker (%) 8.0 8.9 9.6 6.5
Heavy smoker (>20 cigarettes day™ ) (%) 1.3 1.0 2.0 1.1
*P < 0.05.

Numbers in parentheses are standard deviation for age and standard errors for other variables.
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