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EDITOR'S NOTE
WEEL

The preliminary findings and the statistical aspects of the
problem were presented at the meetings of the Japan Circulation
Society, April 1960, and the Japan Statistical Society, July 1960.
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Electrocardiographic Findings in Relation to the Aging Process;
Formulation of the Problem

DRBEFARRENMBRAREOBME, MEOREWVDS

OUTLINE OF THE PROBLEM

What is known about the effects of
A-bomb radiation? An increase in the
incidence or an acceleration of omset
of leukemia and perhaps of carcinoma
among the A-bomb survivors has been
reported1'4 but this may be only a part
of the effect of a large dose of radiation.
Many other possibilities still remain
to be confirmed.
problems under investigation by Atomie
Bomb Casualty Commission (ABCC) is whethes
there is detectable in man a shortening of
the l1ife span and an associated accelera-

One of the unsolved

tion of the aging process as has been
reported in animal experiments.5‘8

The biological phenomena expressed by
the general term aging process are very
complicated, extensive, and continuing
changes in the living body. Therefore, a
concrete approach to the problem is
difficult unless emphasis 1s placed on
some special tissue or organ, or the method
of obtaining data is specified. On the
other hand diverse kinds of information
may be utilized effectively by defining
a sultable aging index.

The present study 1s a consideration of
the problem of the aging process within the
range, but as effectively as possible
within this range, of information obtained
through the method of electrocardiography.
In view of the fact that the electrocardio-
gram is an important tool in the diagnosis
of cardiovascular diseases commonly seen in
elderly persons, it seems reasonable to
suppose that information on age changes may
be contained in the electrocardiographie
tracing.
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A number of reportsg"l3 have indicated
age changes in the measurements or abnormal
findings of the electrocardiogram, but only
a few are investigations on a representa-
tive sample of a population. For the
present study, which is also concerned with
the normal electrocardiogram, it is
necessary to obtain data on age changes
in the electrocardiographic tracings
of a representative random sample of
A-bomb survivors and a comparable control
Since the object of the study is
delineating differences between the exposed
and control groups with respect to small
alterations in aging processes; and because

group.

the effect of A-bomb exposure, 1f any,
may be small, data for a rather large
sample, and a strategy for maximally
efficient utilization of the information
obtained, are indispensable.

FORMULATION OF THE PROBLEM

-

Since the prevalence of cardiovascular
diseases increases with advancing age,
this may be considered to be a part of
the aging phenomenon. If the age changes
generally seen in the electrocardiographic
tracing are intermediately located on
the line connecting the normal pattern
and the abnormal pattern suggestive of
cardiovascular diseases, then 1t would be
reasonable to analyse the age changes
collectively for normal and abnormal
patterns. However, it is not necessarily
true that age changes in the electrocardio-
graphic tracing ultimately turn to the
abnormal patterns suggestive of cardiovas-
cular diseases. Therefore, assuming that
two distinct types of change are apparent
in electrocardiographic readings, the
problem naturally divides into these
analyses:

Prevalence of abnormal electrocardio-
graphiec findings

Age changes found in normal electro-
cardiograms

This division also is convenient for
medical interpretation of the results.
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PREVALENCE OF ABNORMAL ELECTROCARDIOGRAPHIC
FINDINGS. Formulation for analysis of this
phase of the problem is comparatively
simple,
findings can be used as the variable to be
analysed statistically to determine whether
there is any difference between the A-bomb
survivors and the controls.

The prevalence of various abnormal

The abnormal electrocardiographic
findings are classified according to a
modification of the diagnostic eriteria of
the New York Heart Association.1? Some of
the principal abnormalities are reviewed
individually. However, the New York
Heart Association eclassification is too
minute to permlit detailed analysis in
combination with other variables.
fore, in the current study, the categories

There—

minor abnormality and major abnormality
are used, with the latter being further
subdivided according to subjects having two
or more major abnormalities and those
having only one finding, thus making 2
total of three classifications (Page 14).

The A-bomb survivors and their controls
are classified into four groups according
to location at the time of bombing and
history of acute radiation symptoms. These
four groups are compared for radiation
effects, but a further analysis also should
be conducted with respect to the radiation
dose (or the distance from the hypocenter)
which varies greatly within the proximal
exposed groups.

Since the prevalence of electrocardio-
graphic abnormalities increases with age,
aging acceleration due to radiation,
if present, must be distinguished by
comparison of age specific prevalence or
comparison of regression lines fitted to
age change in each exposure group.

Because the four exposure groups were
created on the basis of a geographical
classification, the question arises as to
whether or not these groups are completely
Since
any difference in these factors will be
incorporated into the comparison of the

balanced for soclioeconomic factors.
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frequency of abnormal findings among the
four groups, it will be necessary in some
way to separate these concomitant effects
from the intrinsic effects of radiation.

In view of these considerations, analyses
of three dimensional tables for the
prevalence of abnormal findings by age,
exposure classification, and a third factor
are visualized for this phase of the
problem.

AGE CHANGES FOUND IN NORMAL ELECTROCARDIO-
GRAMS. Formulation of this analysis is
similar to that of the first phase except
for the quantitative expression of the
electrocardiographic tracings. Concomitant
factors may have a larger effect on the
analysis of age changes in electrocardio-
grams of normal persons than in analysis of
abnormal findings.

Normal persons may be defined as those
without overt cardiovascular abnor-
malities.* But since some part of the .afe
changes in electrocardiographic tracings
seen among these normal persons may be
attributable to the effect of Increased
blood pressure accompanying advancing age,
it will be helpful in the interpretation of
the process to further classify the group
without overt cardiovascular abnormalities:

Blood pressure 140/90 or less
Blood pressure higher than 140/90

Of special concern in the formulation of
this problem is how to express the electro-
cardiographic tracings as a variable to
which statistical analysis is applicable,
Since these tracings are comparatively
complicated, it is impractical, though not
impossible, to convert them completely, as
by means of spectral analysis, into a form
which can be handled mathematically. It
1s essential that an attempt be made to
extract much of the information on age
change in the electrocardiographic tracing

BBOBELYELNE-THDLDIhEIZNT, MEH
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*Overt Cardiovascular abnormalities: Clinical diagnosis of cardiovascular diseases, 400-402,
410-416, 420-422, 430-434, 023 or 754 of the International Statistical Classification of

Diseases, Injuries, and Cause of Death.

Major ECG abnormalities listed on page 14 other
than prolonged P-R, prolonged (Q-T and QRS high voltage.

Cardiac murmur of grade 3 or more.
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and yet to be simple as possible. A common
method for such purposes is to derive a
linear combination of factors in such a way
that the age change, as contrasted with
the individual variability, be maximized by
suitable determination of the coefficients
in the linear form. The linear combination
thus derived may be interpreted as a kind
of aging index defined by a descriptive or
experimental approach.

In order to select suitable measurements
and to determine suitable weights to be
assigned, electrocardiograms from a total
of 240 normal® subjects, 20 from each five
year age group, were selected at random
from the first 10 of 24 groups in ABCC
Adult Health Study.!® A total of 22
different measurements were studied for age
change and intercorrelations. The relation
between each measurement and age was
expressed by the correlation ratio and its
signi ficance was tested by an F-ratio,
defined as the ratio of age change to the
individual variability. As shown -fn
Table 1, statistically significant correla-
tions were found for some measurements,
and many of them showed curves which

Hikg, MAZEHRTEREMMYRRIZES &
IV 2L OMEMOMEE S L EY 2 FHE LR
WEZ LIk THRSZETHSE. THLTER
ENAHMUEAE, KBWIZH SV IEERMIZE
REh—FomMBIEMZ LERan LS.

HYLZMEEE ALY, GbEIEOY T
freRO572012, EM5 FTHBORET > 5
0AF28F 20 A0EHLEH* 2, ABCCO
RAREHE® 04> L3407V —TF
FOBRVMNONIN—-THEFT Y FLIZZ 6 A K.
SAI2Z2OMEMIZ>VT, EMELL, HEEHOD
HBE>LW TR LA, RMEE:EB :0EE
GHEETH DL, ZOHEEREZFRICE
SEEBAZELORE L TERENBF—HKIZ
EoTHTHE-ak. ZBl1IERTESIZ, Wl a2d0D
BEMIz>VWTHHMCHERELHME Y 2600, %
DFIXEMIHL—BICHMZE 2 ZELTIE

TABLE | ELECTROCARDIOGRAPHIC MEASUREMENTS FOR MALES, CORRELATIONS WITH ABE, AND MEASUREMENTS
SELECTED FOR STUDY
£l LEHNBNEME: EFHEoMEBEsEEB TR ANERE (BT)
CORRELATION TEST OF CORRELATION| TEST OF
"Eﬂf?ié"f"T RATIO  |SIGNIFICANCE MEASUAENENY RATIO  |SIGNIFICANCE
il 2 B | A8 L HEERE i A1 2 Al E
QRS - axis QRS 0.182f - LS
T - axis T i 0.133 - Sbitl tud QRS &k KAt i 0. 342 -
QRS - T angle QRS — T M 0.302 A Ti S G Tlmm 0. 2501 P
;":'":”"' &;;ﬁm n g Ty, amplitude Ty fiidhl g "
& ":“ = | ;T;Fﬁi ”'1”’1 ; T,y @mplitude T . -
i (EDLe LS g HEIH“] Lol - SV, amplitude SV, fithi 0.260f .
Ry amplitude I i » RV, amplitude RV, i 0,308t e
Ryy omplitude  RyibG 0. 2681 RVg amplitude RV, Jiefil 0.283t L
Ryy, amplitude Ry S5l n.178 3 RY. amplitude RV fH08 0.243 -
S, amplitude S 1 N 0.202 o ° '
S,, amplitude  SpfK 0.220 . T amplitude  TVg iR = =
S,y amp!itude S et 0.185 - TV, amplitude TV, fiths 0. 158 -
tcorrected for R-R interval by formula (0-T)/[(R-R). R—REBIHLTHR (Q—=T) A(R—R) 12& 5 THEE
tselected tor aging Index derivation. MIEBEELLTRBAZLD.
ssSignificant at 1% level. 1% k&ETHE sSignificant at 5% level. 5% KETHE

*Normal:

Without overt cardiovascular abnormalities and with blood pressure 140/90 or less.
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increased or decreased monotonically
with age (Fig. 1). On the other hand,
inspection of the intercorrelations between
measurements (Fig. 2) revealed several
groups of measurements which were quite
highly intercorrelated. 1In the actual
selection, each measurement was classified
according to its clinical meaning and, as
a rule, the one with the highest correla-
tion with age was selected from each
classification. Location of the selected
measurements in Figure 2 revealed that not
more than one was selected from any group
correlated with a coefficient of more
than 0.60. Measurements not selected in
spite of their high correlation with age
were highly correlated with other selected
measurements. Therefore, the seven
selected measurements were considered to
be appropriate. There were no special
reasons for the number seven, except for
the general rule, 'the more, the better,
but beyond a certain point, the expected
gain would be small'. Calculation by ‘the
two methods explained below revealed that
the highest possible correlation ratios
with age did not differ very much, and

seven, therefore, would be sufficient.

FexR+ (H1). —HgUEEBHEEMoOHEE
FREBRFT I LV DPOTI V=T 5 5 T,
BINV—THTRIBODTEVHMBE2TRLTVwWSE S
EFbAs (H2). ERE0BRIMEMRL2 2L
ThoOBEERNERI L THEL, B ELTSE
IN—=TILEVWTHERLE S ELHMoE L0
Flodo@MAR., BIFhZHMERDOK2 (12
FAM@EEHAS L, 0.60L oMM THIZM
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FIGURE 1 AGE TRENDS FOR MALES, SELECTED ELECTROCARDIOGRAPHIC MEASUREMENTS
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FIGURE 2 INTERCORRELATIONS WITH AGE, ELECTROCARDIOGRAPHIC MEASUREMENTS FOR MALES
M2 LERMESEEHOEMEZRTE (5F)
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The next stage was to find the best Ko B L
- (] [ & 9
combination of these seven measurements.

THE FIRST METHOD. In order to obtain
one type of index as a linear combination
of seven measurements, it was intended to B1OFE MgiHE s 7 >OWMEER ORE
determine appropriate coefficients so as to ELANHTRDE D, ERLOfBEFR AL

attain the highest possible correlation y . .
7r 3 4% 3 73 - i g1
ratio with age. The result is shown on 23& i RBERDS TR LS. BRIEBH

page 8. The computing procedures in this 2R, ZOBEOFEFIRE, BFEMNLERERL
formulation are inserted here in the Fo T2z BmALTEL.
following mathematical terms:

Denote the reading of measurement p for R a 12 B A E ; Ol EFEH p

the person j in age group a by Xapj. I At T ”
Then the above mentioned principle is Dl EXaPjTH 6 b+ &, LTI~ KEE
to obtain a linear combination with FEON, 1K B ROBMEREAIZOVT

coefficients }\p such that,

by w2
= %Na (Xg = X) attains maximum value, where
S5 5. - 35 AMRRIZEBEI N RDBZLTHB. REL
aj Taj
J
.xi:x.j'__2 hp X‘__I:j Xa=_1 ztajs X=_1 ZN“xa=L5§:X‘;-,
P N, ] N a N aj J



Differentiating 172 with respect to ?\P and equating to 0, a characteristic equation
,F&Muovrﬂﬁtfotﬁ{:tu;orﬁﬁﬁﬁﬂ
|B-1| =0,
is derived for matrices B and T which have the elements
ARSI NS. CZITHABEEIVUTORE

Bpp’Eg Na(fz - XP) 6{:‘_ Py,

= P__ P' __‘
Topr o (X2 - XP) (X g s

PP’ a
where =
THd. EEL g

n

1 1;_ é
e & XEe
Ny F=1 @]

The maximum value for ﬂ2 and the
corresponding coefficients ?\p are,
therefore, the maximum characteristic
root and corresponding vector, respec-
tively, of this characteristic equation.

The solution obtained for the previously
described 240 male subjects is shown in
Table 2. This n is the maximum correlation
ratio which can be obtained from such data.
However, even if values slightly different
from the optimal values of A_ are used, 7
does not decrease appreciably. Therefore,
it was decided to use the approximations
obtained by adjusting so that the KP are
whole numbers and the mean value of the
aging index is 0, with standard deviation
J10. As shown in Table 2, no difference
was noted in the correlation ratio within
the range of accuracy of the computation.
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TABLE 2 ELECTROCARDIOGRAPHIC MEASUREMENTS SELECTED FOR STUDY,
COEFFICIENTS FOR AGING INDEX FOR MALES, AND CORRELATION RATIO

#2 NEEEEEZ0-2b0R To LW ERB N EHE L UmME

MEASUREMENT

COEFFICIENT Ap (%%

MEHH OPTIMUM VALUE [APPROXIMATION
it il L
QRS axis QRS ¥ 2.27 2
@-Tc interval Q- Te &E -1.27 -1
R,, amp!itude Ry E& 0.76 1
T, amplitude T &8 8. 20 5
SV' amplitude S\‘I&ﬁ 1. 41 1
rur, amplitude R\‘l EE 6.07 B
RV, amplitude RV, & 1.18 1

CORRELATION RATIO HIB H

0.615 D.6086




The readings of the measurements are
continuous values but, since they are of
such small magnitude, they were actually
recorded as discrete values after rounding
off. Moreover, the range of variability is
not large as compared with the smallest
possible unit of the readings. Therefore,
as shown in the column for measurement in
Table 3,
intervals, and working units such as -2,
-1, 0y 1, 2 ... were used in calculation.

the readings were cut at equal

The column headed assigned score in Table 3
shows the product of the original working
unit and the coefficient of
most easily used for practical computation

KP in the form

of individual aging indexes for males.

TABLE 3

ZUEEO LA ITHEBEBETHENELDTH

5. LALEFIASVWETHALE, NERA
LTEELPHEGLMHE L LTSI h3. 8612

RO, LEOBADBEMLENTZRIEER
E{ v, fEoT, £330 ‘REMEH oficw
Lk iz, WEMLSMBIZEIY, - —2,—
0, 1, 2. WIREMEEHEICHA. F4£3
u#w%‘ﬁﬁ’m@uw.ﬁmﬁﬁﬁ&%ﬁhp
DHARENTVSE., Zhitks THFOHBRE
O INESIERE A IR I IR T & 5.

ELECTROCARD |0GRAPHIC MEASUREMENTS SELECTED FOR STUDY AND ASSIGNED SCORES

FOR COMPUTING AGING INDEX FOR MALES

#3 EUEAANEM@:MEBHEETEO-DO ‘B (BT)
MEASUREMENT ASSIGNED SCORE MEASUREMENT ASSIGNED SCORE
i 4 H F HEMEE Al s
QRS axis QRS -revrerere e 5 SV, amplitude  ceeeeeees
(in degree)y (f) 31-45 -4 (in m.m.) 0.5- 5.0 -2
46-60 -2 SV ORI (om) 5.5-10.0 -1
§1-75 0 10.5-15,0 0
76-80 2 15.5-20.0 1
91-105§ 4 20.5-25.0 2
0 - T interval Q-THIW -~~~ RY, amplitude .......n.
(in milli-sec) (31)§h)370-379 1 (in m,m,) 0.0 2.8 -B
380-388 1 RV 208 (mm) 3.0- 5.0 0
Corrected for 3gn-398 0 Ll S S| 6
A 400-408 -1 8.0-10.0 12
RAWWERLTHEE e s -2 10.5-12. 5 18
R!I ampl itude ... RVE amplitude  .L.oliann
(in m.m, ) h.0- @ 8 -2 (in m.m.) 5.-9°10..0 -2
Ry #&1E (o) 8.0-10.0 = RV5 &M (mm) 10.5-15.0 -1
10.5-12.5 ] 15.5-20.0 i
13.0-15,0 1 20, 5-25.0 1
B 2 25, 5-30.0 2

TI amplitude

(in m.m.) 0.0 0.5 =12
Ty &M (om) 1.0 1.5 -8
2.0 2.5 0
3.0 3.5 6
4.0 4.5 12

Sum up the scores assigned for measufrements
of a person to obtain the aging index

MsiER= B hsHElE o8+ 288 0 M




THE SECOND METHOD. The following more
general approach also was explored. Use of
a linear combination of measurements in the
first method presumes a proportional
relationship between the original reading
and the aging index. This presumption has
no inevitability except for simplification
of the computation and 1ts use as a first
approximation. For instance, by the
application of an appropriate functional
transformation to the original readings in
order to cimbine them, it is possible to
determine the aging index in a more general
form and therefore achieve a higher corre-
lation ratio., Such a formulation produces
a difficult problem to solve when the
original reading is a continuous variable,
but when it 1s handled as a discrete type,
as was actually done in the first method,
the mathematical formulation turns out
to be identical with that of the first
In other words, let xg; be a
variable defined for person j 1n age
group a which takes the value 1 when
the reading of measurement p belongs to
category q and 0 when the reading of
measurement p belongs to categories other
than gq. Then, without any presumption on
the relationship between measurements and
aging index, the linear combination
Xaj=% quxg} can be used to define a
suitable aging index. Here, the constants
qu are determined so as to obtain the

approach.

highest correlation ratio, 7), to age. The
computation is ldentical® with the first
one simply by the replacement of single
index p in the first formulation with the
compound index pq. The chief difficulty
is that the increase in the order of the
matrix, 39 in this formulation as against
7 in the first formulation, causes a large
increase in computational requirements. The
numerical calculationl® was performed
and for 7) the maximum value of 0.64 was

E20H=. ELRDE S E—EMN L FEER
7. BlOAETHEHEOEEELSZHVWES
cit, BIFEO LA LIBEELOMIC AN L
BE2RE LA LEE2BNRT . ZoMigE,
WAMEfAT AL eBIENE LTZNME L
PRz A 2w, flz EEMEM2#H468
BA, BEM O & A28 4 B R E R
ThE, MEIEEAE & - & BN L TERTE,
fE->T, £D@VWHKBLZzEs LA TES. 2
NDEZAILLZEBE, BRUOLIAPEHERTH S
EdThiFELVWHEL 2, EREE1oBET
ok, k3EFTEELRELTHEK ) &,
PEMLZERER 1 0BV EL{FA—-¢ % 5.
MsEBB ol BT 28BE joMEMEp &
AFAEZ QBRI ALE1l, LA6EEL20%
LAEB xRl A ERT A, T 5 L RMEM LM
MR e ORIz oW TRHICHER* B2 & 2L
MERE S Xaj=2 Npq X &5 & NMREEA RT3
EHIAVRZEHNTES. ZITHREN BF
P n AR AEEZ L3S IZEDS. FH
HRBLIOHELIEI2FF p2FEF0H pq &
BER2BAEITHLEBLKALTHE*. k22
1208EZ, < b o 7 2ORTABE1DOBE
7, B20EA39LMML, FAFoORIFAKELAL
Z5ZLTHA. BMEHE® 2172V, nOKRK
li0.64 15 h7. LALZhIEBloAEILE
130.62L ERTHLFLLHELAIALVOT, T
DHE2OHEFHFEMLE L 5 2.

* These two methods can be expressed by the same mathematical form but an essential difference
should be noted. That is, in the second method the measurements themselves are not used but
scores appropriate to the objective of the problem are applied. This stratedy was proposed by
Hayashi in the problem of QUANTIFICATION and has been successfully applied in many fields.16-17

chi2o@fkE, MBIz LoTEbEhaN,

12oOARMERBEN S 2 L ItEEE2E S, tLohbE2

OFETIHNERE 20 ERHVYT, MBEoBRMEZBLEAZTI 7 &R wTWVa, ZoHEESBEOMBIE LTIz k- T

k&h, 2{ogHTHzATVS. !



obtained. However the gain was so small
compared with 0.62 in the first method
that the second method was not adopted.

DATA USED IN ANALYSIS

Under the Adult Health Study of ABCC
continuing elinical examinations, on the
basis of a two year cycle, are performed
for about 20,000 subjeects, 13,000 in
Hiroshima and 7,000 in Nag&sak1.15 This
study sample is classified according
to radilation exposure into four groups:

Group 1 -- Exposed within 2000 meters of
hypocenter and reported acute
radiation symptoms

Group 2 —- Exposed within 2000 meters of
hypocenter and did not report
acute radiation symptoms

Group 3 —- Exposed between 3000-3499 meters
of hypocenter

Group 4 -- Not exposed

The first group is a 100 per cent sample
of eligible persons and the remaining three
groups are matched by age and sex with the
first group.

In Hiroshima, electrocardiograms have
been taken in addition to various other
tests and these data are available for this
s tudy. Electrocardlograms are taken by the
12 lead method in which the electrode is
attached to the right arm, left arm and
left leg to obtain six limb leads and over
the anterior chest wall to obtain six
precordial leads. Tracings of potential
change are recorded by a Sanborn direct
writing machine.

The present analysis was made on data for
approximately 1400 males seen in the
Hiroshima ABCC clinic during the 1958-60
routine examination cycle. The data for
females also has been complled for analysis
at a later date.
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PRELIMINARY FINDINGS

The results of the preliminary analysis
for 1400 males is presented in this section
as an illustration of future analysis.
Table 4 shows the 1400 male subjects by age
and exposure.

IhETOBRITOBR

HOOADOB +0F— 50 TR O B4
SETEHDNIBHTOBME LTI ZIZRLTEL.
MOOADHER S £ BB SRR %2 &4 1077

TABLE 4 MALE SUBJECTS SELECTED FOR STUDY, BY AGE AND EXPOSURE

K4 BEOZHIZBIEREZD FAREOER B & OB X 5 MK

EXPOSURE GROUP TOTAL AGE

e 1 57 fdt 10-19 | 20-29 | 30-39 | 40-48 | s0-50 | e0-88 | 70+
TOTAL & 1428 103 214 228 280 313 245 87
GROUP 1 B - 330 1" 48 66 54 18 87 10
SROUP 2 H2E 333 25 1 34 51 78 55 18
GROUP 3 W3 E 3y K] 50 28 50 78 54 18
GROUP 4 BA4E 448 34 47 100 105 80 53 23

As previously stated, a preliminary
analysis was made as to the frequency of
abnormal findings and as to age changes in

normal electrocardiographic tracings.

PREVALENCE OF ABNORMAL FINDINGS. Age
changes in the prevalence of minor and
major abnormal findings for males are shown
in Figure 3-A which demonstrates an overall
increase of abnormal findings with inereas-
ing age. The increase is especially
remarkable with respect to the presence of
multiple major abnormalities.

iz, fidoLesn, BEMROBAE &,
EELERHICEFTIEBTRIZIOVWTITE - 7.

REFROEE. M3 —AFRWEHTROHEED
ERELEBE —MEOXFIZE->TRT. 20
Bllzk - T, FMh& & & IZRENROBE HEH
T332, 2O LOBENDREMRAFAEL ST
WA —Z0HMABIZELVZI EFbHS.

FIGURE 3 PREVALENCE OF ELECTROCARDIOGRAPHIC ABNORMALITIES, MALES, BY AGE AND EXPOSURE GROUP
H3 EmilssUVERHENBTFOLERERSOBE
‘ 80 A ABNORMALITY CLASSIFICATION 8 MAIOR ABNORMALITY BY EXPOSURE vik
' L ' ' " EBEAROMmEORE |
| EXPOSURE BROUP kiR 45 ]
MINOR  WEIE Q)W o 2
B MAJOR 4l o) S B G
Ry MULTIPLE MAJOR . /
v 2ol LOBEORE A = f
B £ y ]
Ay /
5 f"--‘ s,
40 | . / =7 1 A48
-“-<SSEEP # P
¥ 4 ’
o / £ 4
&, €S§§§§P' / //
g 1/ _
20 | (ol \ 4! y 4 20
4 ~,
ey, & N
(74 X // e -4
0 X.“\‘.\\\\\\m\‘k\\\\ b 1 L L L 1 | 0
20 40 60 AGE 4 iy 20 40 50
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The frequency of major abnormal findings
is reviewed by the four exposure groups
in Figure 3-B. On the whole,
difference is seen except that,
50-59 years of age, the fregquency of
abnormal findings in the proximal exposed
groups 1 and 2 was significantly higher
than in the other two exposure groups (at
the 5 per cent level). Whether this means
an absolute increase in the occurrence of
abnormal findings; an increase in this age
group as a result of accelerated occurrence
or a contribution of some concomitant
factors unrelated to exposure requires
further study. No attempt will be made to
findings and blood pressure or heart
disease until all data are available.

no great
in males

The frequencies of some particular major
abnormal findings were also taken up
individually. As the number of cases was
small, the age adjusted means of the
relative frequencies were compared for
the four exposure groups. However, ngo
significant differences were noted, as is
shown by Table 5

WRE ORI ROBEE 2 4 > OB 5B
HLDOFHI—BTH3. 2t lTdvLE
ENB LMLV, EEN—59FIzEWT, 220
IEIRBERIR AT (51, 28) PHAREMRED
BEFAUO2BLERTAEIIE CE-TVS
( 5%7kig). :hﬁﬁﬁﬁﬂmﬁﬁm%&ﬁﬁ
HEGIHMLAZEERLTVSDD, RER
PEEENEBRIOERBIHI3HIMELT
bobhlod, rrviErBgRCcHEEOLY
finEHOKE L ThHhobhOR,iE, &5
LR Lz 262w, REFRLOEMHS
A2VIILRKEOMER, 20T sFELE
S THhLRI+ 5.

2,30HENDRERRIzZo>oVwTIE, FhF

hOBEEZ2 1212 ETE. AR P LT
150HERKE T %, Th5OERMBROEV ZE
IE Ui >wrkeds L=, LAaL,
RELFTEICHEHBLZ 3R onE > 5 £

TABLE 5 AGE ADJUSTED AVERAGE PREVALENCE OF ELECTROCARDIOGRAPHIC ABNORMALITIES,
MALES, BY EXPOSURE GROUP

REH 0T HHE (FR & - ThEIE)

EXPOSURE GROUP  HEfE QY

T e R

#5 PBEOWBEXSNLE
ABNORMALITY
LR

PROLONGED P-R P —RE
PROLONGED 0-Tg Q—Te iEE
COMPLETE RBEB 5t4 RBBB
INCOMPLETE RBAB A5 4® RBBB
r8r* in v1 or vz I
EXTRA SYSTOLES RISV
QRS HIGH YOLTAGE QRS EmE =
LVH EEIRA
NONSPECIFIC T WAVE ABNORMALITY
IEFFRAT

MYOCARDID ISCHEMIA AND INFARCTION
LRl & & LR E

(per 100 100AIZ2% )
s Yl (P Tl
3.1 B:sA 3.4 3.4
figrd -3 158 10
0.8 0.2 2.8 Ly
3.0 .9 3.0 4.0
4,7 3.8 2.3 |
10.7 16.1 10.0 10,7
it 4.8 1.4 1.2
3 | 5 § 2.2 1.8
D.8 t. 8 0.5 0.0
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TABLE 6 LISTING OF MINOR AND MAJOR CLASSIFICATIONS FOR ELECTROCARDIOGRAPHIC ABNORMALITIES
x6 EFLEHRROAE

MINOR ABNORMALITIES ﬁﬁ@;#ﬁ-ﬂ
1. Axis deviation i Wil B
2. Extrasystole, occasional 2.  BZET B HAGE
Wandering pacemaker N — Z A — B FEEh
Nodal escape il 76 I g5
3. rSr' pattern in right precordial lead 3. fMaEpiE s Iz 5 v S Bl
4.  FERHEHS-TLH
4, Nonspecific S-T elevation T ik
Tall T wave = L
Prominent U wave BT U i
5. H#lat
5 Extrocardia =
MAJOR ABNORMALITIES BEORBAR
1. Extrasystole, frequent or mul tifocal B HET I T 2B LS
paraxysmal tachycardia B {eteEsEn
Atrial fibrillation, flutter LT S HL S
Nodal rhythm sEmIEa
(= ¥ £ =

Atrial ventricular interference

TR

dissociation
2. BETO,7
2. Atrial ventricular block S ~
Bundle branch block M7a., s
Intraventricular block LENTT 2
WPW syndrome WPW i fis
Prolonged Q-T Q—T EE
3. QRS high voltage q.- QRS Hm i
e Y LN
s HERA
Bilaterial VH AN
LTE ] FS
4. S-T depression
Nonspecific T wave abnormalities 4. S—TET
Pattern sugges ting myocardial EHEENTHEORE
;schemla { 2o LHtEEmZRE+ 58
attern su estin myocCAar a e Tore -
&8 ko LHEEZRET ST
infarction

BE PR

w

5. Abnormal P wave
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AGE CHANGES IN NORMAL ELECTROCARDIOGRAPHIC
TRACINGS. The aging index defined in
Table 3 was reviewed in relation to age and
exposure. The aging index was transformed
so that the mean in the whole sample
corresponds to the chronological age.
Therefore, as opposed to chronological age,
the aging index can be interpreted as
a kind of biological age determined by the
electrocardiogram.

Comparison of this aging index for the
four exposure groups (Fig. 4) revealed no
significant differences in age-adjusted
mean values, but the slopes of the lines
fitted to age changes did differ signifi-
cantly (5 per cent level). This may be
attributable to the difference between
Group 4 and the other three groups. In
view of the large difference between
Group 3, for whom the radiation dose has
been considered almost negligible, and
Group 4, which is composed of persons who
migrated into the city after the bombing,
it seems appropriate to attribute the
variation to the effect of concomitant
factors. This will be investigated further
to attain a more explicit conclusion.

EBLCEROEBNEL. X3 ICERLMES
AL RS L UBBRE S CouThRBLTE A
ZITIMEEi 2 ZER LT, 2B TCOTEHIE
FRMEBTI2LH528bLTHS. fE>TLE
MlzkosTERS W A—FHOEHOEREERL
T, BEBELMETIZEHFTES.

ZOMBIER24>DOHEBEFIZ>VTHE
LT&d5¢E (H4), EMAMBOEFVEEEL
IV TRAREINFED S NL 5 125,
ERZEHRIIITRH-EROHEHAIAEIZL Y 5
Twi (5%ki#E). ZhiiFd¥Lfto3IFEs
DEHFVIZEZENEAEALNSE. S H-BRIETE
AYEYHTCEIBERLLAONIEITE, #HIE
BHICEALTE LA ZAFATEOBICE
KEVENHILAIHET, HBIZEAL TV
3BINERIZE-TELELDOLEZIDHEY
EBDbRAE. BN L EEEFBAEDICEL
BitEoJ11 5.

FIGURE 4 ELECTROCARDIOGRAPHIC AGING INDEX FOR MALES BY AGE AND EXPOSURE
B4 BFoFims s UK LR o #ER

BU T T L L] T T T EU
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— 1
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w g0} 180
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—= 4o 140
@ I
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- 20F 120 2 45.3 1.048
@ 3 44,7 1.021]'
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*Significant at 5% level.
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SUMMARY

As a part of ABCC's research program
to review the general hypothesis that
radiation exposure may accelerate aging
processes, a comparative study now is being
conducted on the pattern of age changes in
electrocardiographic findings for the
exposed and controls.

In this report, emphasis is placed on
the method of formulation of this study
for statistical analysis. Two aspects of
aging are considered:

The frequency of abnormal electrocardio-
graphic findings.

Age changes found in normal electro-
cardiographic tracings.

The first problem is an analysis of a
three dimensional cross table of prevalence
of electrocardiographic abnormalities- by
age, exposure group and a third factor (for
instance, a socioeconomic or physiological
factor). In the analysis of the second
problem, an aging index was established in
order to analyse effectively age changes in
the electrocardiographic tracings. After
a study of 22 measurements, QRS axis, Q-T
interval, RII’ Tys SVI, RVy, and RV
amplitudes were selected and their combi-
nation was derived to attain the highest
correlation with age.

Preliminary analysis was conducted for
males for whom data collection had been
completed. In the results so far obtained,
no statistically significant differences
were noted between the exposure groups.
However, further detailed analysis should
be conducted on these data together
with data for females which are now
being compiled.
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