The proportions of death from heart diseases tended to be higher in males with Q-QS
abnormality, atrio-ventricular conduction defect, and ventricular codes than in females.
Although the number of cases was limited, it was true of the deaths from ischemic heart
disease.

But the percentage proportions of death from heart diseases tended to be higher in
females with the other ECG code groups, especially left high R, ST depression, T abnormality,
ectopic beats, atrial fibrillation or flutter, low voltage, or even counter clock or clock-wise
rotation codes. The death proportion of deaths from cerebral infarction tended to be high in

females with atrial fibrillation or flutter, but not so high in males (25.9% vs 12.5 %).

Discussion

One of major contributions of this study comes from the extensive national samples
residing in exactly 800 stratified randomly sampled areas which were sub-samples defined
by the Statistical Information Bureau, Ministry of Health and Welfare (Ministry of Health,
Labor, and Welfare after reorganization in 2001) for several national surveys in 1962, 1972,
1980, 1990, and 2000. The over-all response rate was over 79% in the relevant National
Survey on Circulatory Disorders in 1980 @, but the response rates in municipal area were
lower than those in rural areas.

The high hazard ratio of the subjects with abnormal Q-QS findings showing the
possible past history of myocardial infarction was observed even considering for sex, age,
systolic blood pressure, blood glucose, and smoking habits. In the subjects with Q-S finding,
proportion of death from heart disease were two third of all deaths and that was almost
double to those in the reference subjects (Table 5). This result corresponds to the fact that a
subject with history of myocardial infarction has the higher risk of recurrence.

Although prevalence of the extreme axis deviation (code 2-4, n=5) or indeterminate axis

—141—



(code 2-5, n=6) were relatively rare. the observed high hazard ratios of early death might
come from any disposition of the heart or abnormal propagation of the excitation due to any
serious heart disease. The genesis of indeterminate axis was suggested as a posterior,
rightward and superior orientation of terminal QRS forces, which might result from number
of causes, by a quantitative vectorcardiographic analysis by Goldberger AL @b

The high Cox hazard ratios of subjects with left high R (code 3-1 or code 3-3), due to
hypertension, cardiomyopathy, valvular disease, or sports heart as well as merely thin chest,
shows the significance of myocardial hypertrophy for prevention of early deaths. The Cox
hazard ratio of subjects with right high R (code 3-2) was the higher than those of code 3-1
and code 3-3, though significance was lower maybe due to fewer cases with 3-2 code. The
highest but not significant hazard ratio was observed for subjects with bi-ventricular high R
(code 3-4) which was added in the revised Minnesota Codes 1982 4,

The hazard ratio of subjects with ST depression was higher than that of those with T
abnormality. Since ST depression code should be with T abnormality by definition in
Minnesota codes?, the hazard ratio of subjects with ST depression may show a combination
effect of ST and T abnormalities. Besides coronary atherosclerosis, ST depression with T
abnormality might be developed in hypertension. ST depression might be assumed as a
sign of arterio-sclerosis and/or hypertensive stress leading to the relevant complication such
as not only heart disease but also cerebrovascular disease, finally to death, as shown in Table
5.

One of striking facts was that the T abnormality was always more frequent in females
than males in almost all of Japanese communities. However, the hazard ratios of subjects
with T abnormality (code 5-1 to code 5-3) were high in males and in females. The hazard
ratio of subjects with T abnormality code 5-4 was high but not significant in this analysis.
The code 5-5, minimally low T, was added according to Japanese scientists to Minnesota

codes 18, However, this study could not support the significance at the moment.
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The hazard ratio of subjects with complete left bundle branch block was higher than
that of complete right bundle branch block in males. However, the ratio of complete right
bundle branch block in female was significantly high and larger than that of complete left
bundle branch block.

It was reasonable that the hazard ratio of subjects with frequent ectopic beats was
higher than that of less frequent ectopic beats (code 8-9-1). The frequent ectopic beats might
Iead to atrial fibrillation in case of supraventricular beats, and ventricular fibrillation in case
of ventricular beats. The hazard ratio of atrial fibrillation was comparable with major
high-risk codes as Q-QS, ST depression, T abnormality, and so on.

Resting heart rate was an independent predictor of 16.5-year death in this same
Japanese cohort reported by Okamura T et al (19, The significant relation was observed only
in males in this study, as shown in Table 4. The association of heart rate with coronary heart
disease was reported in males and females, particularly striking in black women according
Gillum RF et al without any specific explanation (8,

The Cox hazard ratio of subjects with ST elevation code 9-2 was significantly high in
males and in the sex combined, but not in females as shown in Table 4. Recently Brugada
syndrome which included a type of ST elevation has been presented as a new insight @2, and
so further analysis of subjects with code 9-2 should be done for their prognoses in detail.

It iz noteworthy that the hazard ratio of subjects with clockwise rotation code 9-4-2 was
significantly high and close to that of low voltage, atrial conduction defects, or high T wave.
The observed significantly high hazard ratio for code 9-4-2 was a surprise, for the authors did
not expect any prognostic significance in this code beforehand. The mechanism or the reason
should be clarified by a further analysis as far as possible.

According to the definition of Cox proportiqnal hazard model @9, the calculated hazard
ratios would go up or down by those confounding factors, such as sex, age, systolic blood

pressure, blood glucose, smoking habits, and the other factors. Naturally the hazard ratio to
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early deaths should be evaluated by considering all of those risk factors included in this
analysis. The one practical way to apply these results was to evaluate over-all death risk
done directly by a computer and one of the other ways would be with using multidimensional
table including typical levels of these risk factors, which will appear in a later paper.

Naturally the sex difference of the results comes from the biological difference as well
as their social life difference, such as social stress, eating habits, education and so on.

The effect of the removal of deaths within 5 year after the examination on the hazard
ratios was examined. Though the other confounding factors, such as age, systolic blood
pressure, blood glucose, and smoking habits, showed a trivial or no significant effect, any of
major ECG findings might contribute more in some cases of deaths in the early phase of
observed period.

The cause of deaths among the subjects with any ECG code might be interesting and
was demonstrated as the percentage proportion in Table 5. The highest death hazard ratios
of heart diseases were observed in the subjects with Q-QS findings, and then with T
abnormality and also with ST depression. It was impressive that the hazard ratios of
subjects with ST elevation were comparable with those of ST depression code 4-4, considering
recent reports of Burgada syndrome 22, It was worth note that the death proportions from
the other cause of deaths among the subjects with low voltage were relatively higher, though
the hazard ratios were significant only in the sexes combined. The authors are going to
analyze and to discuss the relationship in details and will publish the results before long.

This study demonstrated a series of striking results using national samples to give
clear data the relationship of ECG findings objectively diagnosed to deaths from all causes.
These data would be the base to prevent early deaths by intervening as a national project,
such as the Health Japan 21 or Healthy people 2010 in the USA. Although the authors could
not discuss much about the subjects group of small size, there would be a starting point for

further studies.
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The morbidity hazard ratio of specific disease, such as cerebral stroke or myocardial
infarction, would be much more interesting along with mortality, however, it was very hard
to get such morbidity data of the subjects throughout country at the moment.

In this analysis, each specific ECG finding evaluated by Cox proportional hazard for
deaths of all cause, and any combination of ECG findings would show a much higher
significant hazard. Some of the further analysis on combination of ECG findings will come in

our later papers.
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Appendix I NIPPON DATAS80 Research Group. In alphabetical order by the family name
of principal investigators, but not by the associates)

NIPPON DATAS80: Abbreviation of “National Integrate Projects for Prospective Observation
of Non-communicable Diseases And its Trend in the Aged, based on the data of the National

Survey in 1980

—145—



1. Chairperson: Hirotsugu Ueshima (Department of Health Science, Shiga University of
Medical Science, Otsu, Shiga)

2. Consultant: Osamu Iimura (Hokkaido JR Sapporo Hospital, Sapporo, Hokkaido)

3. Principal investigators: Tsutomu Hashimoto. (Department of Public Health, Wakayama
Medical College, Wakayama), Hiroshi Horibe (Aichi Medical University), Minoru Iida (Osaka
Medical Center for Cancer and Cardiovascular Diseases, Osaka), Kazunori Kodama
(Department of Health Science, Institute of Health Science, Hiroshima University of School
of Medicine, Hiroshima), Masumi Minowa (National Institute of Public Health, Tokyo), Akira
Okayama (Department of Preventive Cardiology, National Cardiovascular Center), Koryo
Sawai (Japanese Association for Cerebro-cardiovascular Disease Control, Tokyo), Shigeo
Shibata (Clinical Nutrition, Kagawa Nutrition University, Saitama), Shigemichi Tanaka
(Department of Cardiology, Cardiovascular Center, Teine Keijinkai, Hokkaido), Kazuo Ueda
(Division of Internal Medicine, Kyushu University School of Health Science,, Fukuoka),
Hiroshi Yanagawa (Saitama Prefecture University, Saitama)

4. Associate Members: Katsuhiko Kawaminami (Department of Epidemiology, National
Institute of Public Health, Tokyo), Toshihiro Takeuchi, Mitsuru Hasebe, Fumitsugu Kusano,
with staffs in 300 Public Health Centers, Japan, Fumiyoshi Kasagi (Radiation Effects
Research Foundation, Hiroshima), Yoshikuni Kita,, Takehiko Hayakawa, Sohel R.

Choudhury, (Department of Health Science, Shiga University of Medical Science, Shiga)

Appendix II (List of principal collaborators and his associates in the Working Group for
ECG coding in the National Survey on Circulatory Disorders, 1980 in alphabetical order by

the family name of principal collaborators with their institution in 1980)

1. Moderator: Hiroshi Horibe (National Cardiovascular Center in 1980)
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2. Principal Collaborators: Mitunori Doi (Tosa-Yamada Health Center, Kochi), Syuichi
Hatano (National Institute of Public Health), Masamitsu Konishi (National Cardiovascular
Center), Yasushi Morisawa (Dokkyo University School of Medicine), Chiaki Sasade
(Takikawa Health Center, Hokkaido), Koryo Sawai (Japanese Association for
Cerebro-Cardiovascular Disease Control), Shigeo Shibata (Kagawa Nutrition University),
Takashi Shimamoto (University of Tsukuba School of Medicine), Hironori Toshima (Kurume
University School of Medicine), Hiroshi Yanagawa (Jichi Medical University), Tsutomu
Hashimoto (Jichi Medical School)

3. Associate Collaborators: Takashi Kato (Aichi Medical University), Takahiro Usami
(Dokkyo University School of Medicine), Kazuaki Shimamoto (Sapporo Medical University),
Kazuo Suzuki (Akita Institute of Cerebrovascular Disease), Yoshihiko Watanabe (Fujita
Health University School of Medicine), Takashi Watanabe (National Ohta Hospital,

Shimane)
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Table 4 Cox hazard ratios of the subjects with major electrocardiographic findings for all cause
mortality in 1980 to 1999, NIPPON DATAS8O.

Minnesota code

Males and Females

Males

Females
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3.71 (1.78=7.71) soksk
1.75 (1.10-2.78) *
1.57 (1.18-2.09) s

1.37 (1.07-1.76) *
0.69 (0.10-4.92)
1.80 (1.21-2.69) **
2.85 (1.06-7.67) *
4.16 (1.325-13.05) *

1.34 (1.16-1.54) sk
1.91 (0.95-3.84)
1.35 (1.12-1.62) **
3.56 (0.50-25.38)

2.59 (1.91-3.52) sk
2.00 (1.55-2.57) ik
1.63 (1.16-2.29) *x
1.15 (0.92-1.44)

2.33 (1.51-3.61) sokx
1.82 (1.49-2.22) sk
1.54 (1.24~1.91) stk
1.35 (0.96-1.88) +
1.06 (0.84-1.34)

2.01 (0.50-8.10)
7.82 (1.95-31.39) *x
1.23 (0.95-1.60)
1.16 (0.29-4.65)

2.21 (1.05-4.66) *

2.11 (1.22-3.67) *x*
1.44 (1.11-1.88) %k
1.20 (0.93-1.55)
2.20 (0.55-8.87)
1.03 (0.76-1.38)

1.92 (1.45-2.54) sk
2.14 (0.53-8.64)
2.42 (1.77-3.31) sk
1.31 (0.54-3.16)
1.34 (0.97-1.97)
1.29 (0.94-1.75)

1.45 (1.18-1.79) ¥k

1.47 (1.07-2.03) *
1.33 (1.04-1.71) %
1.76 (0.73-4.27)
1.45 (0.90-2.36)
1.08 (0.96-1.22)
1.47 (1.26-1.71) %
1.28 (1.05-1.56) *

3.71 (1.78-7.71) ek
2.22 (1.27-3.86) *x
1.59 (1.08-2.34) *

1.19 (0.86-1.66)
1.22 (0.17-8.68)
1.83 (1.12-2.98) *
3.36 (1.24-9.09) *
456 (1.45-14.4) *x

1.33 (1.08-1.56) **
3.39 (1.08-10.6) *
1.30 (1.03~1.55) *
6.31 (0.87-45.68) +

2.79 (1.85-4.22) *xx
2.38 (1.56-3.61) **x
1.55 (0.90-2.65)
1.35 (0.97-1.87) +

2.27 (1.24-4.16) **
2.52 (1.86-3.42) skx
1.62 (1.14-2.31) %
1.45 (0.90-2.32)
1.02 (0.68-1.52)

4.16 (0.58-29.93)
14.29 (1.97-104.0) sk
1.38 (1.02-1.87) *
1.33 (0.33-5.36)

3.71 (1.38-9.97) sk

3.06 (1.50-6.24) **
1.21 (0.87-1.68)
1.37 (0.97-1.92) +
3.23 (0.80-13.13)
1.16 (0.78-1.71)

2.41 (1.67-2.49) soksk
2.41 (0.59-9.80)
1.94 (1.16-3.22) *
0.92 (0.13-6.57)
2.73 (1.51-4.93) sk
1.48 (1.06-2.07) *

2,07 (1.58-2.72) *kk

1.70 (0.93-3.11) +
1.32 (1.02-1.71) *
1.89 (0.78-4.59)
1.36 (0.77-2.42)
1.18 (1.01-1.39) *
1.55 (1.26-1.90) *sk
1.29 81.04-1.60) *

4.46 (1.41-14.05) *
1.24 (0.51-2.99)
1.54 (1.01-2.35) *

1.81 (1.57-2.65) **

1.71 (0.84-3.47)

1.40 (1.11-1.75) #ok
1.45 (0.60-3.50)
1.45 (1.08-1.94) *

2.46 (1.56-3.86) k%
1.91 (1.39-2.64) sexx
1.72 (1.10-2.67) *
1.00 (0.73-1.37)

2.53 (1.34-4.78) *x
1.43 (1.09-1.87) %k
1.56 (1.18-2.05) #*
1.26 (0.78-2.03)
1.05 (0.79-1.41)

1.22 (0.17-8.70)
5.37 (0.75-38.25) +
0.98 (0.58-1.64)

1.41 (0.45-4.41)

1.47 (0.61-3.57)
1.85 (1.19-2.89) *x
1.02 (0.70-1.50)

0.80 (0.50-1.27)
1.44 (0.92-2.23)

2.76 (1.85-4.11) #okk
1.36 (0.50-3.67)
0.99 (0.60-1.64)
0.63 (0.26-1.53)

0.91 (0.64-1.28)

1.28 (0.87-1.87)
0.98 (0.37-2.64)

2.07 (0.86-5.01)
0.97 (0.82-1.14)
1.36 (1.07-1.72) *
1.11 (0.62-1.99)

*ik p < 0.001

dok p < 0.01

*p <005 +p<01

AV: Atrioventricular V: Ventricular AR: Arrhythmia; M: Miscellaneous codes
Adjusted for age, systolic pressure, blood glucose, smoking habits, and sex if applicable.
95 % confidence interval of the ratio in parenthesis
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Table 5. Death proportions among subjects with selected ECG codes by selected disease categories,

1980-1999, NIPPON DATAS0.

Males N of deaths GCereb D (C Inf) .Heart D (LH.D.) Cancer Others
Control group 405 17.8 10.1 13.8 6.7 35.3 33.1
Abnormal ECG group 686 16.9 102 17.2 6.3 31.0 34.8
Q-QS abnormality (mc1-1 to 1-3) 50 120 6.0 340 120 200 34.0
Axis deviation (mc2-1 to 2-5) 41 17.1 146 17.1 49 22.0 43.9
L High R (mc3-1,3-3) 287 19.9 129 15.0 6.6 30.3 348
ST depression (mc4~1 to 4-4) 115 19.1 122 21.7 7.8 235 35.7
T abnormality (mc5-1 to 5-5) 150 17.3 10.7 25.3 7.3 227 34.7
Atrioventricular codes (mc6-1 to 6-5) 56 14.3 7.1 232 12.5 375 250
Ventricular codes (mc7-1 to 7-5) 116 17.2 7.8 19.0 78 31.0 328
Ectopic beats (mc8-1,8-9-1) 99 152 8.1 21.2 6.1 29.3 34.3
Atrial fibrillation (mc8-3) 16 125 12.5 188 0 31.3 37.5
Low voltage (mc9-1) 11 18.2 9.1 9.1 0 27.3 455
ST elevation (mc9-2) 70 14.3 86 214 86 300 34.3
Counter clock rotation (mc9-4-1) 348 155 9.5 12.1 4.9 36.8 35.6
Clock rotation (mc9-4-2) 132 16.7 76 220 6.8 31.8 29.5
High T (mc9-5) 107 16.8 112 103 4.7 38.3 34.6
Females N of deaths Cereb D (C Inf) Heart D (ILH.D.) Cancer Others
Control group 431 15.8 7.7 16.7 7.2 30.9 36.7
Abnormal ECG group 488 19.3 10.7 219 82 21.1 37.7
Q-Q8 abnormality (mc1-1 to 1-3) 31 184 3.2 29.0 12.9 12.9 38.7
Aaxis deviation (mc2-1 to 2-5) 30 26.7 100 16.7 33 200 36.7
L HighR (me3-1,3-3) 148 23.0 11.5 264 10.1 162 34.5
ST depression (mcd—1 to 4-4) 128 227 13.3 29.7 14.1 17.2 30.5
T abnormality (me5~1 to 5-5) 207 19.8 11.1 280 12.1 16.9 35.3
Atrioventricular codes (mc6-1 to 6-5) 20 25.0 5.0 10.0 0 200 450
Ventricular codes (mc7-1 to 7-5) 74 18.9 10.8 10.8 4.1 21.6 486
Ectopic beats (mc8-1,8-9~1) 58 17.2 12.1 32.8 12.1 17.2 32.8
Atrial fibrillation (mc8-3) 27 33.3 259 33.3 3.7 11.1 22.2
Low voltage (mc9-1) 30 10.0 0 23.3 3.3 13.3 53.3
ST elevation (mc9-2) 4 0 0 250 250 250 500
Gounter clock rotation (mc9-4-1) 361 152 7.2 205 94 260 38.2
Clock rotation (mc9-4-2) 86 174 9.3 30.2 93 16.3 36.0
High T (mc9-5) 10 200 200 30.0 10.0 50.0 0

Minnesota codes (m¢) in parencesis

Cereb D: Cerebrovascular diseases; C Inf: Cerebral infarction is a part of cereb D;

Heart D: Cardiovascular diseases; L.H.D.: Iscemic heart diseases is a part of Heart disease
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