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Different effects of blood pressure on
mortality from stroke subtypes depending
on BMI levels: a 19-year cohort study in the

Japanese general population—NIPPON

DATAS80
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Y Na

amura®, I Oki® and H Ueshima® for the NIPPON DATA80 Research Group
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"Department of Public Health, Jichi Medical School, Tochigi, Japan

To evaluate the relationship between blood pressure
and cerebrovascular death depending on body mass
index (BMl) levels, we analysed a database of 9338
subjects from the National Integrated Project for Pro-
spective Observation of Non-communicable Disease
and its Trends in the Aged, which was originally
conducted a baseline survey in 1980 and followed up
in 1999, Relative risk (RR) and a 95% confidence interval
(Cl) of death from total stroke, cerebral infarction, and
intracerebral haemorrhage after adjusting for age, sex,
serum cholesterol, albumin, glucose, the use of anti-
hypertensive agents, a past history of diabetes, BMl,
smoking, and drinking were estimated with the Cox-
proportional hazard model in the BMI tertile groups of a
representative Japanese population. Cutoff points of

BMI tertiles are 21.2 and 23.8kg/m> The resulis in-
dicated that a 10 mmHg systolic blood pressure (SBP)
increase was associated with mortality from intracer-
ebral haemorrhage at low and middle BMI groups (RR =
1.38 and 1.23; 95% Cl=1.17-1.62 and 1.03-1.47, respec-
tively). SBP was positively associated with mortality
from cerebral infarction in middle and high BMI groups
(RR=1.19 and 1.21; 95% C!=1.06~1.33 and 1.06-1.38,
respectively). The effects of diastolic blood pressure on
intracerebral haemorrhage and infarction had the same
tendency as those of SBP. These results suggested that
the causal effect of blood pressure on stroke subtypes
might be modified by BMI.

Journal of Human Hypertension advance online publication,
20 January 2005; doi:10.1038/sj.jhh.1001817

Keywords: stroke; body mass index; intracerebral haemorrhage; cerebral infarction; cohort study

Introduction

Stroke was a leading cause of death in Japan until
1980, and is still one of the three major causes of
deaths, although mortality from stroke has de-
creased considerably for several decades.'” An
above-mentioned decrease has especially been ob-
served in mortality from cerebral haemorrhage.?
Many studies have reported that hypertension is

Correspondence: Dr N Miyamatsu, Department of Health Science,
Shiga University of Medical Science, Seta Tsukinowa-cho, Otsu
City, Shiga 520-2192, Japan.
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one of the most important risk factors in total strokes
and a risk factor for all subtypes, such as intracer-
ebral haemorrhage and cerebral infarction.*=®

It has been well elucidated that body mass index
(BMI) is positively associated with blood pressure."”
However, the relationship between BMI and stroke
mortality or morbidity is still controversial.’'-*
Recently, there have been no significant differences
in mean blood pressures between Japanese and
Caucasian populations.'® However, the proportions
of stroke subtypes in Japanese and Caucasians are
quite different; there is a much higher prevalence of
cerebral haemorrhage in Japan than in Caucasians.'’
FFurthermore, the mean BMI of the Japanese is much
lower than that of Western populations.*®

Our a priori hypothesis was therefore that in-
creased blood pressure is a risk factor in stroke and

—125—



Different effects of blood pressure on stroke by BMI
N Miyamatsu et af

N

the combination of blood pressure and BMI would
be a predictable marker of stroke subtypes in the
Japanese general population. To investigate this
hypothesis, we analysed the database from a 19-
year prospective study of 9338 participants in the
National Survey on Circulatory Disorders conducted
by the Ministry of Health and Welfare in 1980.

Methods

Population

The present study was based on the National
Integrated Project for Prospective Observation of
Non-communicable Disease and its Trends in the
Aged conducted in 1980 (NIPPON DATAB80), the
details of which have previously been reported
elsewhere.’®** Briefly, a total of 10546 community
dwellers (4640 men and 5906 women) aged 30 years
and over from 300 randomly selected districts
participated in the survey, and were followed up
until November, 1999. Of the 10546 participants,
1208 were excluded for the following reasons:
failure to follow-up (n=908), past history of stroke
(n=110), and some missing information in the
baseline survey (1= 190). This left 9338 participants
(4081 men and 5257 women) for inclusion in the
analysis.

End point determination

The procedure for end point determination has been
reported elsewhere.’?* Briefly, the underlying
causes of death for Japan’'s National Vital Statistics
were to be coded according to the 9th International
Classification of Disease (ICD-9} by the end of 1994
and the 10th International Classification of Disease
(ICD-10) from the beginning of 1995. Codes of 430~
438 in ICD-9 and 160-169 in ICD-10 were defined as
death from total strokes, which included death from
cerebral infarction (codes of 433, 434, 437.7a, 7b in
ICD-9, 161 and 169.1 in ICD-10) and from cerebral
haemorrhage (codes of 431-432 in ICD-9, 163 and
169.3 in 1CD-10).

Permission to use the National Vital Statistics was
obtained from the Management and Coordination
Agency of the Government of Japan. Approval for
this study was obtained from the Institutional
Review Board of Shiga University of Medical
Science (No. 12-18, 2000).

Baseline examination

Baseline blood pressures were measured by trained
observers with a standard mercury sphygmoman-
ometer on the right arm of seated subjects after a 5-
min rest. Hypertension was defined as a systolic
blood pressure (SBP) of 140 mmHg or higher, a
diastolic blood pressure (DBP) of 90 mmHg or
higher, the use of antihypertensive agents, or any

Journal of Human Hypertension

combination of these. Height in stocking feet and
weight in light clothing were measured. The BMI
was calculated as weight (kg) divided by the square
of height (m). Public health nurses obtained infor-
mation on smoking and drinking, and medical
history.

Nonfasting blood samples were drawn and cen-
trifuged within 60 min of collection. Serum total
cholesterol and albumin were analysed in an auto
analyzer (SMA12/60; Technicon, Tarrytown, USA)
at one specific laboratory (Center for Adult Diseases,
Osaka). The laboratory has been certified since April
1975 by the CDC-NHLBI Lipid Standardization
Program of the Center for Disease Control and
Prevention (CDC), Atlanta, regarding the precision
and accuracy of its cholesterol measurements.?
Serum glucose was measured by the cupric-neocu-
proine method with some auto analyzer.**

Statistical analysis

Mean values and the prevalence of baseline char-
acteristics were calculated in each group according
to BMI tertiles, and the differences were tested by
analysis of covariance with adjustment for age and
sex or x*tests. The cutoff points for BMI tertiles were
21.2 and 23.8. We computed geometric means
(antilogarithms of the log-transformed mean) for
serum glucose because the distribution of this
variable was positively skewed.

Multivariate-adjusted RRs and a 95% CI for a
10mmHg increment of SBP or DBP on mortality
from cerebral infarction, intracerebral haemorrhage
and total stroke were calculated using the Cox-
proportional hazard model adjusting for age, sex,
serum cholesterol, albumin, glucose (log-trans-
formed), the use of antihypertensive agents, a past
history of diabetes, BMI, smoking (current smoker or
not), and drinking (current drinker or not). We also
did sex-specific analysis. RRs associated with a
10 mmHg increase in SBP or DBP were calculated.

The Statistical Package for Social Science (SPSS
Japan Inc. Version 11.0], Tokyo, Japan) was used for
the analyses. All probability values were two-tailed
with a significance level of P< 0.05, and all ClIs were
estimated at the 95% level.

Results

Table 1 lists the characteristics of the participants
according to BMI tertiles in the baseline survey.
Mean values of SBP, DBP, serum cholesterol,
albumin, glucose, and the prevalence of hyperten-
sion, antihypertensive medication, past history of
diabetes were higher in higher BMI tertiles. On the
other hand, prevalence of current smoker was higher
in lower BMI tertiles.

Table 2 shows the crude mortality from total
stroke, cerebral infarction, and cerebral haemor-
rhage. Mean follow-up period of this study was
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Table 1 Age- and sex-adjusted means (standard errors) and prevalence of risk characteristics in study participants according to BMI

tertiles in 19-year follow-up of NIPPON DATAB80 database

BMI lertiles Low (n=3116) Middle (n=3111) High (n=3111) P value*
Men (%) 44.3 45.5 41.4 0.04
BMI stralum mean (kg/m?) 19.5 (0.03) 22.5 (0.03) 26.2 (0.03) <0.01
Agc“ 50.9 (14.4) 50.3 (13.0) 50.6 (12.1) 0.19
SBP (mmHg) 131.4 (0.33) 135.7 (0.33) 140.5 (0.33) <{0.01
DBP (mmtg) 77.9 (0.05) 81.2 (0.05) 84.9 (0.05) <0.01
Serum cholesterol (mmol/1) 4.7 (0.02) 4.9 (0.02) 5.1 (0.02) <0.01
Serum albumin (g/1) 43.6 (0.04) 44.0 (0.04) 44,2 (0.04) <0.01
Serum glucose (mmol/l)® 7.0 7.0 7.2 <0.01
Current smokers (%) . 35.8 33.5 28.5 <0.01
Current drinkers (%) 42.9 47.0 41.6 <0.01
Hyperlension (%) 29.0 38.0 48.6 <0.01
Antihypertensive medication (%) 6.7 10.3 15.3 <0.01
Past hislory of diabetes (%) 2.4 2.6 4.1 0.01

BMI: body mass index (kg/m?).
Culolf points of BMI terliles are 21.2 and 23.8.

Hypertension was defined as a SBP of 140 mmHg or higher or a DBP of 90 mmHg or higher or current use of antihypertensive agentes, regardless of

blood pressure.

NIPPON DATA80: Nalional Integrated Project for Prospeclive Observation of Non-communicable Disease and ils Trends in the Aged,
1980.* ANOVA [or conlinuous variables and »? lest for dichotomous variables.

"Mean and standard deviation.
"Geometric mean value.

Table 2 Crude mortality from total stroke, cerebral infarction, and intracerebral haemorrhage by body mass index levels in 19-year

follow-up of NIPPON DATAB80 database

Total stroke

Cerebral infarction Intracerebral haemorrhage

BMI tertiles No. of Person-year No. of death Rate (per 1000 No. of death Rate (per 1000 No. of death Rate (per 1000
person person-years) person-years) person-years)

Low 3116 52331 114 2.1 69 1.3 26 0.5

Middle 3111 54 325 108 2.0 58 1.1 24 0.4

High 3111 54658 89 1.7 49 0.9 18 0.3

BMI: body mass index (kg/m?).
Cutoff points of BMI tertiles are 21.2 and 23.8.

NIPPON DATA80: National Integrated Project for Prospective Observation of Non-communicable Disease and its Trends in the Aged, 1980.

17.3 years (161 315 person-years). During the follow-
up period, 311 deaths from stroke were observed,
including 176 cerebral infarctions, 68 intracerebral
haemorrhages, and 67 other types of stroke (sub-
arachnoidal  haemorrhage and  unclassified).
A 10mmHg increase in SBP was positively asso-
ciated with death due to total stroke, cerebral
infarction, and intracerebral haemorrhage
(RR=1.14, 1.10, and 1.26; 95% CI=1.08-1.20,
1.02-1.18, and 1.14-1.40, respectively) after adjust-
ment for age, sex, serum cholesterol, albumin and
logarithmic-transformed glucose levels, BMI, smok-
ing and drinking status, current use of antihyper-
tensive agents, and a past history of diabetes. The
increase in DBP was also positively associated with
total stroke, cerebral infarction and cerebral hae-
morrhage (RR =1.29, 1.15, and 1.66; 95% CI=1.17-
1.42, 1.01-1.31, and 1.37-2.01, respectively). Cox-
proportional hazard model did not show any

relation between BMI and stroke mortality (data not
shown in the table).

Table 3 shows the RRs for a 10 mmHg increase in
SBP on mortality from total stroke, cerebral infarc-
tion, and intracerebral haemorrhage stratified by
BMI tertiles. SBP was an independent risk factor for
total stroke and cerebral infarction only in the
middle and high BMI tertiles. This relation was
not observed in the low BMI tertile. Concerning the
mortality due to cerebral haemorrhage, it was
clarified that an increase in SBP was an indepen-
dent risk for mortality only in the low and middle
BMI tertiles. These results were not substantially
affected when DBP instead of SBP was included as
an independent risk factor in the Cox-proportional
hazard models (Table 4). Results on sex-specific
analysis were essentially on a par with the above-
mentioned results that were described in Tables 3
and 4.

w
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Table 3 Relative risks and 95% Cls of 10 mmkg increase in SBP f{or total stroke, cerebral infarction, and haemorrhage mortality by BMI
tertiles in Cox analyses in 19-year follow-up of NIPPON DATAB80 database

Total stroke Cerebral infarction Intracerebral haemorrhage

BMI tertiles RR 95% CI P-value RR 95% CI P-value RR 95% CI P-value
Low 1.09 (1.00-1.18) 0.06 0.96 (0.85-1.07) 0.42 1.38 (1.17-1.62) <0.001
Middle 1.15 (1.06-1.26) <0.01 1.19 (1.06-1.33) <0.001 1.23 (1.03-1.47) 0.02
High 1.20 (1.09~1.33) <0.001 1.21 (1.06-1.38) 0.01 1.23 (0.99-1.52) 0.07

The multivariate-RR was calculated adjusting for age, sex, serum cholesterol, serum albumin, logarithmic transformed serum glucose, BMI,
cigarette smoking (current smoker or not), drinking (current drinker or not), current use of antihypertensive medication, and past history of
diabeles.

BMI: body mass index (kg/m?).

Cutoff points of BMI tertiles are 21.2 and 23.8.

NIPPON DATA80: National Integrated Project for Prospective Observation of Non-communicable Disease and its Trends in the Aged, 1980.

Table 4 Relative risks and 95% Cls of 10 mmHg increase in DBP for total stroke, cerebral infarction, and haemorrhage morlalily by BMI
lertiles in Cox analyses in 19-year follow-up of NIPPON DATA80 database

Total stroke Cerebral infarction Intracerebral haemorrhage

BMI terliles RR 95% CI P-value RR 95% CI P-value RR 95% CI P-value
Low 1.15 (0.97--1.35) 0.10 0.89 (0.72-1.10) 0.28 1.93 (1.39-2.68) <0.001
Middle 1.40 (1.19-1.64) <0.001 1.36 (1.09-1.70) 0.01 1.75 (1.29-2.37) <0.001
High 1.34 (1.12-1.59) 0.001 1.30 (1.02-1.67) 0.04 1.46 (0.99-2.15) 0.06

The multivariate-RR was calculated adjusting for age, sex, serum cholesterol, serum albumin, logarithmic transformed serum glucose, BMI,
cigarette smoking (current smoker or not), drinking (current drinker or not), current use of antihypertensive medication, and past history of

diabeles.
BMI: body mass index (kg/m?).
Culolf points of BMI lertiles are 21.2 and 23.8.

NIPPON DATAS80: Nalional Integraled Project for Prospective Observalion of Non-communicable Disease and its Trends in the Aged, 1980.

Discussion

We clarified that increased blood pressure was
associated with intracerebral haemorrhage mortality
among participants with lower BMI levels, whereas
it was associated with cerebral infarction mortality
among participants with higher BMI levels. These
results suggest that the causal effect of blood
pressure on stroke subtypes may be influenced by
BMI levels.

The present study revealed that blood pressure
was a better predictable marker of cerebral infarction
in the high BMI group than in the low BMI group. It
has been well established that the metabolic syn-
drome due to visceral fat accumulation is a strong
risk factor for coronary heart disease or nonhaemor-
rhagic stroke.?®?” High BMI group showed higher
serum cholesterol and glucose levels than other
groups, adding to higher prevalence of past history
of diabetes. Furthermore, participants with higher
BMI levels may have more risk factors, which were
not included in the baseline survey, compared to
participants with lower BMI levels. For example, a
large proportion of obese people have visceral fat
accumulation, affecting insulin resistance, HDL-
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cholesterol, triglyceride, and HOMA index which is
a key factor in the metabolic syndrome.?** We
assumed that the impact of blood pressure on
cerebral infarction would be emphasized by the
influence of these risk factors in participants with
higher BMI levels. This multiplied impact of blood
pressure is a well-known cumulative effect in the
metabolic syndrome.

Some previous studies have reported that serum
cholesterol is inversely associated with a risk of
intracerebral haemorrhage.”?® Participants with
low BMI levels in the present study had lower
serum cholesterol levels than those with high BMI
levels (the difference; about 0.4 mmol/l). Although
we did multivariate adjustments for serum choles-
terol levels in the BMI category for specific analysis,
participants in the lowest BMI group may have been
affected by low serum cholesterol levels, one of the
possible predictive marker for intracerebral haemor-
rhage.” The number of participants with low serum
cholesterol level, for example less than 4.14 mmol/
1,27 was 224 (24.8%) from 904-hypertensives in the
low BMI group and 171 (11.2%) from 1531-hyper-
tensives in the high BMI group. Previous studies
suggested a combined enhance effect, between
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hypertension and serum low cholesterol level on
mortality or morbidity of intracerebral haemor-
rhage.”*% Accordingly, more combinations of in-
creased blood pressure and lower serum cholesterol
might be observed in the low BMI group than other
groups. This may partially explain why the relation
between blood pressure and mortality from cerebral
haemorrhage was intensive in lean people and weak
in relatively obese people.

Another possible explanation for the evident
effect of blood pressure on deaths due to intracer-
ebral haemorrhage in the low BMI group was case
fatality. Kurth ef al’® reported that 25.3% of
intracerebral haemorrhages were fatal whereas only
2.4% of ischaemic strokes were fatal. I'urthermore,
case fatalities due to haemorrhagic stroke were
higher in the lower BMI group, although case
fatalities due to ischaemic stroke were not affected
by BMI levels."® These results suggested that fatal
haemorrhagic stroke occurred more often in lean
people. This may also explain the phenomenon we
observed because the end point outcomes were only
mortality in the present study. In addition, since the
number of intracerebral haemorrhage death in the
highest BMI group in the present study was lower
than that in the other BMI group, the power might
not be intensive enough. This may also explain why
the relation between blood pressure and intracer-
ebral haemorrhage in the high BMI group was not
significant.

There are some drawbacks to the present study.
First, we used National Vital Statistics based on
death certificates issued by medical practitioners on
the underlying causes of death. Stroke subtypes may
generally be misclassified on death certificates.
However, most stroke cases in Japan are referred to
hospitals and computerized tomography (CT) scan-
ning was performed on over 85% of stroke patients
in the 1980s, even in rural areas throughout Japan.
Therefore, we believe that basing our analyses on
the National Vital Statistics was sufficiently reliable.
Second, since the present study was based on blood
pressure and BMI measurements on the baseline
survey only, the results might include regression
dilution bias. IFinally, we found blood pressure was
not related to mortality from cerebral infarction in
lean participants in the present study, although
blood pressure has been regarded as the most
important risk factor for stroke worldwide.*” A
possible reason for this result in this study is the
outcome criterion. We did not obtain any informa-
tion on the incidence of stroke in this study, because
the end point outcomes were evaluated based on
death certificates. In addition, we were unable to
estimate ischaemic stroke subtypes more precisely
such as large-artery occlusive, lacunar, or cardioem-
bolic infarction. Further studies by accurately
diagnosing cerebral infarction, which is confirmed
through imaging studies or autopsy, will be needed
because case fatalities from these ischaemic sub-
types might be varied.*

Different effects of blood pressure on stroke by BMI
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In conclusion, the combination of high BMI and
increased blood pressure might be a better predic-
tive marker of cerebral infarction than blood
pressure alone, whereas the combination of low
BMI and high blood pressure might foresee cerebral
haemorrhage well. Although it is important to
control hypertension to prevent deaths due to stroke
regardless of BMI, we should pay more attention to
the relationship between blood pressure and BMI for
the stroke subtypes at risk.
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Abstract

BACKGROUND: Electrocardiogram (ECG) is one of the most popular tools for daily clinics
and health checkup and has been used for the National Survey on Circulatory Disorders to
assess the health status in Japanese people. The‘ significance to predict mortality from all
causes among people with ECG abnormality is to be clarified using national samples.
METHODS: ECG findings recorded among 9,629 subjects for National Survey on Circulatory
Disorders 1980 in Japan, were classified using the Minnesota Codes (mc). Their relationships
to all cause mortality over 19 years were examined using a Cox proportional hazard model
adjusted for sex, age, systolic blood pressure, blood glucose, and smoking habits.

RESULTS: Subjects with abnormal Q-QS findings showed significant high death hazard
ratios (to 3.71(mcl-1) to 1.57 (mcl-3)) to the subjects who were free from any major ECG
findings. Hazard ratios were 1.37 (mc2-1) to 4.16 (mc2-5) for axis deviation, and 1.34
(me3-1) to 1.35 (mc3-3) for left high R waves. Those were 1.63 (mc4-3) to 2.59 (mc4-1) for ST
depression, and 1.54 (mcb-3) to 2.33 (mc5-1) for T abnormality. The lower the second number
of the Minnesota Codes was, the higher hazard ratio was observed in the Q-QS, ST, T codes.
The hazard ratios of junction-type ST depression (mc4-4), and low T waves (mc5-4, 5-5) were

not significant.

CONCLUSIONS: Electrocardiographic findings defined by the Minnesota Codes were useful
to predict the risk for mortality from all causes even after adjusting for the other major risk

factors, and the results supported a usefulness of the electrocardiogram for health check-ups.

Key words: Electrocardiographic findings, Minnesota codes, Epidemiology, Cohort study,

Mortality
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Introduction

The major causes of death has been neoplasm, cerebrovascular disease, and ischemic
heart disease in these years, Japan. The electrocadiographic examination is one of the most
efficient and non-invasive methods used to check a condition of the heart. In order to
decrease those deaths, Japanese government had worked hard to implement a series of
multiphasic health check-ups throughout the country, including ECG examination (). The
relevant medical staffs and the participants must be interested in the implications of a
specific ECG finding for the participant’s prognosis.

For an epidemiological purpose, the Minnesota Code system was developed by Henry
Blackburn and others in 1960 @, and revised by Ronald Prineas and others in 1982 ®.
Recently the revised code system was used worldwide to confirm the objectivity of ECG
findings.

The Japanese Government performed a series of National Surveys on the Circulatory
Disorders almost every ten years . A research group had been organized to follow-up those
participants to clarify the relation of risk factors, such as obesity 4, smoking ¥, serum uric
acid ®, total cholesterol (™, blood pressure ®, resting heart rate ® and so forth 10-(1b, These
participants were from a national stratified random sample throughout the country, not
merely nation-wide pooled samples by relevant researchers. It was an epoch making
achievement to follow these nationally sampled participants and to evaluate their ECG
findings objectively with the by Minnesota Code system. The attempt could be achieved by
support of Ministry of Health and Welfare (presently new Ministry of Health, L:abor, and
Welfare) and extensive cooperation of nearly 300 local Health Centers along with
collaborators listed in Appendix I and II. Similar type national samples were available in the
United States for National Health and Nutrition Surveys 1971-75, 1976-80, and 1988-94, and

many valuable reports presenting year-by-year (2-07  but not yet for extensive ECG
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findings.
The purpose of this study was to investigate the relationship of ECG findings coded by
the Minnesota code system to deaths of all cause by following-up 19 years of national

samples participated in the National Survey on Circulatory Disorders done in 1980.

Materials and Methods

The Japanese Ministry of Health and Welfare carried out the National Survey on
Circulatory Disorders in order to clarify the recent status of Japanese people by examining
all residents resided in the 300 stratified random sample areas selected throughout the
country in 1980. A Working Commitiee charged local health centers on health check-up in
the assigned areas under the guidance for the National Survey (the details described in an
Official Report by the Ministry @ ). In 1980, 10,546 people participated in the Survey
(Response rate was 79.1%), and the Cohort Study Group on Activity in Daily Living and
Prevention of Degradation in Quality of Life among the Elderly followed them up to 1999.

The Cohort Study Group identified 9,629 (4,103 males and 5,535 females) alive or
dead people with ECG record successfully by 15th September 1999. Among them, 118 were
lost after the date of moving, but they were definitely alive till the time of moving out
according to their official records, “residence registration record” kept in any one of local
administrative offices throughout the country. The number of deaths was 1,327 (13.8%), in
which 711 deaths were males (16.8%) and 616 deaths were females (11.4%). The detail cause
of deaths among this cohort appeared in the previous papers ®™M® and a series of annual
research reports (1. The frequency distribution of deaths did not differ from the national
figures in 1980-90. A Working Group of ECG Coding for the National Survey on Circulatory
Disorders carefully coded their electrocardiograms twice by independent coders who belonged

to the different university or institution in 1980 (Appendix II). If there were any discrepancy
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in their codes, the third well-experienced coder (one of the authors, HH) made final decision
strictly applying the original coding rule (Minnesota Codes 1982 ).

Major ECG findings were abnormal Q-QS (mel-1 to 1-3), axis deviation (mc2-1 to 2-5),
high R (mc3-1 to 3-4), ST depression (mc4-1 to 4-4), T abnormality (mc5-1 to 5-5),
atrio-ventricular conduction defect (mc6-1 to 6-8), intra-ventricular conduction defect (me7-1
to 7-8), arrhythmia (me8-1 to 8-9-1), and miscellaneous findings (mc9-1 to 9-3, 9-5). The code
5-5 was one of additional Japanese finding for minor T abnormality (T amplitude less than
one tenth but over one twentieth of the R amplitude)!®. The code 8-9-1 was assigned to
ectopic beats less than 10 % of recorded beats defined for the Survey. A defined control group
was free not only from the relevant code to be analyzed, but also free from any major ECG
codes. An abnormal electrocardiogram (ECQG) group consisted of subjects with any of major
ECG codes, and it was used to analyze the over-all abnormal ECG findings.

In order to apply a multivariate analysis, the Cox proportional hazard model 19, the
authors considered the major confounding factors, which were sex, age as of 1980, body mass
index, and systolic blood pressure, total serum cholesterol, blood glucose, smoking and
drinking habits. However, the hazard ratios of body mass index, drinking habits, and total
serum cholesterol did not show statistical significance by a series of pretests and were
excluded from further analyses. The number of cigarettes divided smoking habits into 4
levels, such as 3 for over 40 cigarettes /day, 2 for 21 to 40, 1 for 1 to 20 cigarettes /day, and 0
for non-smoker, the last of which included ex-smokers.

In order to clarify the effect of deaths close to the date of examination, the Cox death
hazard ratios were calculated for deaths in 1980 to 1999, in 1983 to 1999, and in1985 to 1999.
A statistical package, Dr’ SPSS II (which was a subset of the SPSS sets) was used for this
analysis 29, The hazard ratios described in the result section were all statistically significant

(p<0.05), besides otherwise specified.
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Results

The number of subjects with ECG findings and deaths of all cause showed in Table 1,
along with the death percentages in 19 years. Number of subjects in the reference group was
5,535 and the deaths were 836 (15.1%) during the follow-up period. Number of subjects with
any major ECG code was 4,103, and the number of deaths was 1,174 deaths (28.6%)

The hazard ratios of 5 risk factors among subjects along with any one of major ECG codes
(Table 2)

With analysis using Cox proportional hazard model, the death hazard ratio of subjects
with any one of major ECG findings were formulated in Table 2, adjusted for sex, age,
systolic blood pressure, blood glucose, and smoking habits.

The hazard ratio of females to males was 0.65. By separate analysis by sex, the hazard
ratio of subjects with abnormal ECG among males was 1.34, and tended to be higher than
those (1.19) in females. The hazard ratio tended to be higher in females than those in males
for smoking habits (1.29 vs 1.18).

The effect by exclusion of the deaths close to the date of examination (Table 3)

The Cox hazard ratios of mortality from all causes were essentially similar for the
subjects with abnormal ECG finding before (1.28) and after excluding the deaths within 5
years after the examination (1.21). Those of sex, systolic blood pressure, blood glucose, or
smoking did not change appreciably.

Based on these results, the further analysis by Cox proportional hazard model was
performed with all deaths throughout the follow-up period.

The hazard ratio of subjects with any one of Q-QS, axis deviation, and high R codes(Table 4)
1) @Q-Q8S codes: The Cox death hazard ratios of subjects with each Minnesota code
adjusted for age, systolic blood pressure, blood glucose, smoking habits, and sex if applicable,
were shown in Table 4. The ratios for Q-QS code 1-1 were significantly high in both sexes.

The ratio for minor Q-QS code 1-3 also showed a significant elevation.
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2) Axig deviation codes: The hazard ratio for axis code 2-1 (left axis deviation) was 1.37 for
male and female combined. The ratio was not significant in males (1.19), contrary to that in
females (1.81).

The ratios of subjects with axis code 2-3 (minor right axis deviation) were significantly
high among males and females combined and among males. The hazard ratio for axis code
2-4 (extreme axis deviation, 2.85) and 2-5 (4.16) was significantly high among the sex
combined and among males, and tended to be higher than those codes for 2-1, 2-2, or 2-3.

3) High R codes: The hazard ratios for codes 3-1 and 3-3 (left high R codes) were
significantly high at the same levels. The hazard ratio for code 3-2 was significantly high
only in males. The ratio for code 3-2 tended to be higher than those for code 3-1 and code 3-3
in males.

The hazard ratio of subjects with any one of ST depression and T abnormality codes (Table 4)
1) ST depression codes: Among the hazard ratios for code 4-1, 4-2, 4-3, and 4-4 (ST
depression), those for code 4-1 and code 4-2 were significantly high in the sex combined, in
males and in females. The hazard ratios of subjects with ST depression were ordered
inversely by the second code numbers in the sex combined, in males and in females.

2) T abnormality codes: Among the hazard ratios of subjects with T abnormality, that for
code 5-1 was the highest in females and in the sex combined. The ratio of code 5-2 was the
highest in males. The hazard ratios for code 5-4 and for code 5-5 were not statistically
significant.

The hazard ratio of subjects with any one of atrio-ventricular and ventricular conduction
defect codes (Table 4)

1) Atrio-ventricular codes: Among the death hazard ratios of subjects with incomplete
atrio-ventricular block, that of code 6-2 was the highest in males and in females. The
hazard ratio for code 6-5 (short PQ interval) was also significantly high in males or females.

The ratio for code 6-3 (PQ prolongation) was significantly high only in males.
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2) Ventricular codes: Among the death hazard ratios of subjects with intraventricular block
code (code 7-1,7-2,7-3,7-4 and 7-5), those for code 7-1 and 7-2 were significantly high.
Although the ratio for code 7-4 was also high but not significant in males and in the sexes
combined. The hazard ratio of subjects with complete right bundle branch block (code 7-2)
was significant only in females and in the sexes combined

The hazard ratio of subjects with any one of arrhythmia and miscellaneous codes (Table 4)

1) Ectopic beats: The death hazard ratio of subjects with frequent ectopic beats (code 8-1)
was over double but not significant in males and close to double in the sex combined. The
hazard ratio with less frequent ectopic beats (code 8-9-1, An optional code for the National
Survey) was also over double and significant in males.

2) Atrial fibrillation or flutter: Among the hazard ratios of subjects with arrhythmia, code
8-3 (atrial fibrillation or flutter) was the highest in females and in the sexes combined. The
hazard ratios for code 8-7(sinus tachycardia) and code 8-8 were significantly high only in
males, but not in females at all.

3) Miscellaneous codes: The death hazard ratio of subjects with low voltage (code 9-1) was
significantly high only in the sex combined. The hazard ratio of subjects with ST elevation
(code 9-2) was significantly high in the sexes combined and in males, but not in females.

The hazard ratio of subjects with counter clockwise rotation (code 9-4-1) was
significantly high only in males, and that with clockwise rotation (code 9-4-2) was
significantly high in each sex and in both sexes combined.

The ratio with high T wave (code 9-5) was significantly high in males and in the sexes
combined.

The deaths from heart disease among the subjects with ECG codes (Table 5)
1) Abnormal ECG group: The proportion of heart disease death in the abnormal ECG group
in females tended to be higher than that in males (21.9 vs 17.2 %).

2) By each ECG code groups
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