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SUMMARY

Electrocardiographic (ECG) changes following the
double Master’s exercise test in presumably normal
Japanese females at age 40-44 were correlated with
other evidence of ischemic heart disease (IHD)
6 years later. Although approximately one quarter
of the subjects had changes codable by WHO,
Niitani, or Toyama criteria, none of the changes
found correlated with subsequent development of
ischemic heart disease. Agreement on possible or
probable cases by the four readers was 16% - 25.8%
of the number examined; considering specific cases,
overall agreement was 26.9%.

The following post-exercise ECG changes were not

correlated with development of clinical evidence of

ischemic heart disease after a 6-year follow up:
Horizontal or ischemic ST segment depression
when the ST-J junction is less than 1 mm below
the P-R baseline at the onset of QRS.

ST-J junctional depression up to 1.5 mm with or
without QX/QT > 1.

T wave changes.

Arrhythmias.
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No subject with horizontal or ischemic ST segment
depression of 1 mm or more and ST-J junction at
least 1 mm below the P-R baseline at-the onset of
QRS (Code 11-1 by WHO criteria) was identified in
the group of Japanese females evaluated.

INTRODUCTION

ECG changes following exercise have been used
extensively for identification of heart disease in
individuals with normal resting ECGs.! When
Master introduced this test in 1929,% it was thought
that a variety of changes in the ST segment, T wave,
intraventricular conduction, and rhythm were
specific for THD. Subsequent studies, however,
have indicated that only horizontal segment depres-
sion is sufficiently specific to identify individuals
with heart disease in population surveys."®*  The
other changes either occur frequently in normal
persons™?® (e.g., ST-J junctional depression) or
oceur too rarely1‘3'4 (e.g., arrhythmias) for adequa-
te statistical analysis.

The prevalence of IHD in Japan has been considered
relatively low.? ECG exercise tests have been
found to be useful in confirming suspected cases.5™®
The applicability of this test to females, however,
has not been established.

In a study aimed at investigating the prevalence of
latent ischemic heart disease in the ABCC-JNIH
Adult Health Study population in Hiroshima. -1
Double Master’s two-step exercise tests were per-
formed on all subjects (male and female) in the age
group 40-69 inclusive, during the period August
1960 - May 1962. Subsequent analysis of these
results took into consideration findings of cardiac
or pulmonary conditions in the study population.

The tests were performed according to Master’s
standardized procedurc—:s12 for a period of 3 minutes
following a resting 12 lead ECG. Post-exercise
tracings of leads V4, V5, V6 and II were taken
immediately after completion of the exercise and
again at 2 minutes and 5 minutes after the
exercise.

Unexpectedly the rate of positive response during
the 2-year study was found to be higher in each age
group for women than for men, contrary to the
prevailing concept that ischemic heart disease is
strikingly more prevalent in males. . Since the
burden of clinically apparent coronary artery
disease is reported to be low in Japan,5 especially
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among women,® and the prognostic significance of
the exercise response in a population sample of
Japanese women has not been determined,®™!! it
was considered appropriate to obtain a follow-up on
the clinical status of these women.

Of 399 females studied in the 40-44 age group, 90
had been classified as positive or doubtful in the
original study.'® The implications of that study
(RP 25-62) are several: that latent ischemic heart
disease is in fact more prevalent in women; that
Master’s basic diagnostic criteria for distinguishing a
positive response do not apply to women, or to
Japanese women in particular; or that the diagnostic
cirteria as modified and interpreted in the original
study were not sufficiently rigid to avoid many
“false positives”.

The present study was designed to investigate some
of these implications. In particular, it was desired
A) to compare the evaluation of the post-exercise
ECGs in 399 females by different criteria as
independently interpreted by different physicians
and B) to determine the predictive significance of a
“positive”” response in a 6-year follow-up study of
a subsample of A).

MATERIALS AND METHODS

The sample selected for the present study consisted
of Adult Health Study females who were aged
40-44 when they participated in the double Master’s
two-step study in 1960-62 and who were known to
be without any of a variety of cardiopulmonary
exclusion features, at the time of the original study;
399 cases were found to qualify.

The ECGs from the 399 Master’s two-step study
were read and classified (positive, possible, or
negative abnormality) without any knowledge
beyond the fact that the subjects were females in
the 40-44 age group. Each of four readers classified
the ECGs independently of the others. The criteria
used were as follows: A) clinical criteria as currently
applied in the United States (“‘clinical”); B) criteria
proposed by Drs. Niitani and Toyama:>’7 and
C) WHO criteria. Two investigators independently
used criteria proposed by Drs. Niitani and Toyama.
A number of the tracings exhibited minor ST and
T wave changes which were difficult to interpret
because of wandering of the baseline in the post-
exercise period. Nevertheless, attempts were made
to evaluate all tracings on the basis of the most
significant changes exhibited.
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TABLE 1 RESULTS OF REVIEW OF PRE-MASTER’S TEST MEDICAL RECORDS
# 1 Master Bk A1 2 £ BATHE R

Total Reviewed Heat xS RS B

Accepted for Predictive Study HHEEETHWEH Iz ETALLD . 227

Rejected BAL 2 b 172
Grade 11 or III murmurs DRz MEHE 25
Hypertension BME ... RS S e e 24
Cardiac Enlargement LR snmannrnismsas e 14
Abnormal ECG BT o e 5
Positive Serology BEAAHREBE  ooeecrensnscsrennens 11
Proteinuria & HE 9
Pulmonary Insufficiency BT vosnessunsasusmpnnexsnsssnosssnsrossnansanernsns 10
Previous Heart Disease CRERELDBEERE e 6
Heart Disease Symptom DBEEE BIEDR  vevverrrnrenesiisenssssnnnmannnesnnens 5
Anemia Bl e 55
Other Bl it 8

The medical records preceeding the exercise test of
these 399 patients were reviewed by the first
investigator who found clinical reasons (Table 1) to
reject 172 cases from the analysis of predictive
significance of post-exercise changes. Chart review
thereby eliminated from this analysis subjects with
identifiable cardiac abnormalities.

The 6-year status of each subject with respect to
ischemic heart disease was ascertained by review of
the subsequent medical records. For example, for
a test performed 1 August 1961 the subject status
as of 1 August 1967 was determined. This review
was also performed by the first investigator and
without reference to the Master’s test ECGs. The
clinical status of 15 patients could not be determin-
ed, although they were known to be alive.

RESULTS

The 399 post-exercise tracings were interpreted
independently by the four physicians reading the
ECGs with respect to the probability of the
presence of ischemic heart disease. The interpreted
results are shown in Table 2. The tracings were
classified as positive, possible, or negative for IHD.
As seen in the Table, there was disagreement
between readers using different criteria for IHD
by ECG. The number of cases called positive varied
from 1 to 48 and the number called possible varied
from 24 to 65, but when positive and possible were
combined, the total number of such cases was more

1 OEMIZ, 245 399 4o Bh & B O 2R EE
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HORTIZET 2HA A S 172 4l & B4+ 2 EREE p9EL B
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Tk lzla.
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TABLE 2 CLASSIFICATION OF POST-EXERCISE ECG’S

#2 JEMmMHELCEHO5H
v 1. 2. ;
Criteria %1 +2 Negative
i Positive Possible £33
1 ANFiE %

A, Clinical F§FE#9 19 65 21.0 315
B. Niitani & Toyama 1 48 55 25.8 296
B L UFL 2 47 24 17.8 328

C. WHO 1 63 16.0 335

TABLE 3 PROPORTION OF DISAGREEMENT BETWEEN POSITIVE OR POSSIBLE READINGS
#3 BMEEAAEEEGNC ST S HEA—EER

Criteria used by lst Reader

Criteria used by 2nd Reader,
Percent Disagreement

B2 PIHEH O (AT — S (%)

(Positive or Possible Cases)

A. B. C
w5 1R O [ A Clinical Niitani & Toyama WHO
(PBHE & 7= 13 THES M) Bt B 9 BEELUB WL
1 2
A. Clinical 5 . 25.0 40.5 429
B. Niitani & Toyama 1 38.8 - 41.8 45.6
Hid b & UF L 2 29.6 15.5 - 38.0
C. WHO 25.0 12.5 31.3 -

uniform. A more precise evaluation of interobserver
agreement was obtained by analyzing specific cases.
Of the 399 cases, the four readers agreed that 36
were positive or possible and that 265 were negative.
In 134 cases, at least one reader recorded a positive
or possible result. Therefore, in 36 instances out of
134 (26.9%) there was unifrom agreement. There
was less agreement as to which particular cases
were positive or possible (Table 3). This would
appear to be the result of applying different
criteria and the borderline character of many of the
changes evaluated.

Among the 227 patients accepted for study of
predictive significance of post-exercise ECG changes,
6-year clinical follow-up status could be determined
in 212 (Table 4). Note that no definite new case of
clinical IHD was identified and only four cases were
considered to have clinically probable IHD. The
data indicate a large number of false positives. Only
one of the four clinically probable THD cases was
called positive or possible IHD by each of the ECG

DEMET A0k THBREMMOBERO—H % &
DIEMEIZEMTT &5 7=, 4 LOEIL, 399 366 275
HE-ETPEETHD, 265WAFBEETH-L VI A
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OLhEL L 1 BB E I AEIELESELA. L
AT 134 P 36M (26.9%) 12BWwWT, EMEROER
D—FEr Az LIl LaL, WIFNhOREDLE
BlABYETH 7= E R REETH v I AL
SVTIE, BRO—BFT 23213 E0DhEr7(53).
ZTRHITERL s AHEEA P WAL e, iz hAE({D
ELHARRAMERERTLOTEA LI LEDEDTHS
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EHAMEOLERELOEREETMIE T2 EED
PR Ik 227 £, 212 RI1Z2D0T 6 R
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WEETHS &S 2EHEMIBD S AT, F72, B0kl
TR B AR AT IEEETH A L EZ S NERL 4 11
T EAAoLZ LIEEBICMT S, WECEZHOB
PR AR e h d. B AREO OCBERENLIZIL-T,
B OB E R AR AR EEEL AN A4 HlD D
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TABLE 4 RESULTS OF SIX-YEAR CLINICAL FOLLOW-UP STUDY
£4 GERBEBHHEEOER
Clinical Diagnostic Impression of Ischemic Heart Disease

of Those accepted for Predictive Study
A R T B R AR EE BT B B BRIt O B B o) B R BB T

IHD Present IHD Absent
P L B 2 R L Statws o
Definitely ~ Probably ~ Probably  Definitely Unknown .,
i 5 FIEEEE G IERE e ik
0 4 20 188 15 227

readers on the basis of post-exercise ECG changes.
Three probable clinical IHD cases were called
negative by each ECG reader. Other changes
identified were:

WHO Criteria.  Fifty three additional cases in
which there was one or more codable change as
follows: 11-3; 5 cases [horizontal, or down-
sloping ST segment depression when the ST-T is
less than 0.5 mm below the P-R baseline at the
onset of QRS], 11-4; 30 cases [J junctional
depression of 1 mm or more], 12-1 through
12-3; 13 cases [T wave changes], and 15-1
through 15-3;4 cases [arrhythmias post-exercise] .

Niitani and Toyama Criteria. Twenty four cases
by one reader and 45 cases by another were
identified with nonspecific changes. The changes
in these cases involved one or more of the follow-
ing criteria: T junctional depression of 0.5 mm
or more when the QX/QT ratio is greater than
0.5, post-exercise T wave changes and post-
exercise arrhythmias.

DISCUSSION

While certain post-exercise changes in males have
been correlated with an increased risk of subsequent
mortality and angiographic and autopsy evidence of
ischemic heart disease, the applicability of this
methodology to females in a population survey has
not been established. Also, it should be emphasized
that since the introduction of the exercise ECG test
by Master, 2 the criteria for identifying significant
changes have undergone modification. S
Although there is presently no universal agreement
the WHO coding system has been applied w1dely

B B9 47 R I e R B A7 VR B S 2 2 0 o0 3, PR
EpieRic ko THELHIFE N, EROEL,IZRD
BN EERERODEBENTHS.
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Population studies using these criteria have shown
that ST segment depression of at least | mm may
be the only change which can be consistently
correlated with ischemic heart disease.*'” For
diagnostic purposes ST segment depression of 2 mm
or more® has been suggested as sufficient evidence
for establishing the diagnosis of ischemic heart
disease when the basal ECG is normal and there is
no evidence of other forms of heart disease, lung
disease, or cellular potassium deficit.

With WHO criteria nine cases were identified in
which there was horizontal or down-sloping ST
segment depression of at least 0.5 mm but less than
1 mm below the P-R segment at the onset of
QRS-code (11-2). Seven cases classified by WHO
criteria as 11-2 had horizontal ST depression just
under 1 mm. These were examined for possible
radiation effect. One of these subjects had a T65
dose of 28 rad while the other 6 had 0 dose or
were not in the city. No relationship to radiation
is apparent. No case of 11-1 change, that is 1 mm
or more ‘““ischemic” ST depression, was identified.
With the criteria proposed by Niitani and Toyama,
47 or 48 cases were identified in which ST segment
depression reached at least 0.5 mm.

Although some form of post-exercise ECG change
was identified in almost 50% of the 227 subjects,
none of the changes were found to correlate with the
subsequent clinical development of ischemic heart
disease over a 6-year period. Indeed, none of the
cases had definite ischemic heart disease and only
four were considered to have probable ischemic
heart disease. In addition, no significant differences
were found between the codings applied to the 172
cases rejected for the predictive study and the 227
cases accepted for the predictive study.

It is emphasized that during the post-exercise
follow-up period no case showed horizontal or
ischemic ST segment depression of as much as 1 mm
by the WHO criteria. The tentative conclusion
drawn is that the particular changes found are
nonspecific and are not indicators of ischemic heart
disease in Japanese females. Subsequent longer
term follow-up of these subjects will be necessary
in order to reach a final conclusion.
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APPENDIX T $

The Master File numbers of the patients in this FAREIIBDSBEOEFLEESE DD EIITT.
study are given in two lists. The first gives the 399 81 0H 212 399 il & 7
cases and the second gives the 227 accepted for the
predictive study.

L, ®2o0#RICIEHEREETF

A BTN 227 % 381 3

LIST A 399 CASES REVIEWED WAt L 72 399y ) 2




LISTB 227 CASES ACCEPTED EiR L 7= 227 {5l ) & b
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