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ABCC-JNIH ADULT HEALTH STUDY HIROSHIMA

1958-59

HYPERTENSION AND ISCHEMIC HEART DISEASE

ABCC—F Ik A2EHE
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INTRODUCTION

In the United States hypertension is frequently
associated with overt heart disease, especially
congestive failure and myocardial infarction. In
Japan, however, hypertensive subjects seldom
manifest such cardiac complications. This striking
difference in the course of hypertension raises
several questions of epidemiologic interest, not the
least of which is whether or not overt heart disease
is a sequela of uncomplicated hypertension or
requires a superimposed factor. If such a factor
is necessary, it is worth considering its nature.
This report presents epidemiologic data bearing on
this point by considering the prevalence, nature
and consequences of hypertension in Hiroshima,
particular attention being given to the interrelations
of blood pressure, ischemic (atherosclerotic) heart
disease and bloed lipid levels. Furthermore, since a
majority of the subjects are survivors of the atomic
bombing of 1945, the possibility of late cardio—

vascular sequelae of irradiation has been investigated.

METHODS

This is a joint study conducted in the
Hiroshima facilities of the Atomic Bomb Casualty
Commission (ABCC), an American research group
primarily concerned with the late biolegical effects
of ionizing irradiation, and the Japanese National
Institute of Heath (JNIH).!

Data were accumulated in conjunction with the
ABCC-JNIH Adult Health Study, which includes
4 matched comparison groups:

1. Located 0~1999m from the hypocenter; reported
acute symptoms of irradiation.

2. Located 0~1999m from the hypocenter; reported
no symptoms of irradiation. Matched by age
and sex to Group 1.

3. Located 3000-3999m from the hypocenter in
Nagasaki or 3000-3499m in Hiroshima. Matched

by age and sex to Group 1.
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4. Located 10,000+ m or not in either city at the
time of the bombings. Matched by age and

sex to Group 1.

The hypertensive group represents all subjects
aged 30-69 seen in the year 1 September 1958
31 August 1959 whose blood pressure on all determi-
nations was greater than 140 mm Hg, systolic,
90 mm Hg, diastolic. Three determinations were
performed; twice by the examining physician, at
the beginning and end of his examination, and
finally by a second observer. With the subject
seated, a 12-cm, standard wrap-around cuff was
applied to the left arm and recorded via a mercury-
column sphygmomanometer. Readings were taken
as prescribed by the American Heart Association;®
in particular, the diastolic pressure was recorded
at the level at which the Korotkov sounds
disappeared. No subject was included in the report
if less than 2 blood pressures were determined;

and pressures quoted are the average of all readings.

In this manner a group of hypertensive sub-
jects, 183 males and 278 females, was established
(Table 1. The preponderance of females results
from the composition of the civilian population at
the time of the atomic bombing. No pregnant
females were included. All subjects gave a history
and received a physical examination: in addition,
each received a radiologic examination of the chest,
a 12-lead electrocardiogram, and routine laboratory
tests including a complete blood count, a serologic
test for syphilis, determinations of serum creatinine,
nonprotein nitrogen and cholesterol, a urinalysis
and quantitative cultures of a clean-voided urine
specimen.  Additional studies were done at the
discretion of the medical staff.
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Serum cholesterol was determined by the method
of Abell et al,? and results have been duplicated in
the laboratory of the Framingham Study.*—® Serum
creatinine was determined by a modification of the
method of Peters;’ serum triglycerides by the
method of Van Handel and Zilversmit.® Electro—
cardiograms were obtained with a direct-writing
instrument; each lead was carefully standardized

and measurements of QRS amplitude were made to
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TABLE 1 CUMULATIVE PERCENTAGE, HYPERTENSIVE SUBJECTS,
SYSTOLIC AND DIASTOLIC BLOOD PRESSURE BY SEX
# 1 HINEEBZEOCRIEAR @ [HE X OEIRMA MAEEW U3

Cumulative percentage REFESH

Systolic  [[W#fHA

Male | Female
W
Less than (LU
150 16 13
160 35 35
170 55 . 52
180 70 67
190 80 75
200 88 85
210 93 92
220 96 95
230 99 97
240 99.4 98
Diastolic  JLTRHA
Less than (LLF) '
100 47 53
110 i 81 ; 85
120 95 i 95
130 | 99 i 99
183 27,

Number of subjects BE&E¥

.

the nearest 0.5 mm. The average of the shortest
and tallest complexes in the conventionally mounted
tracing was used as the final figure. The electro-
cardiographic criteria for the diagnosis of left
ventricular hypertrophy are essentially those of
Sokolow and Lyon®—'! but with slight modification
in view of the higher voltage normally recorded in
Japanese. Yano!? in an extensive survey at ABCC,
found 4.0 mv (40 mm)} as most suitable for defining
high voltage. This degree of high voltage was
recorded in 3.6% of Japanese subjects, males more

frequently exceeding this value than females.

Radiologic examinations used standard 6-foot
exposures. The thickness of the dermal fat layer
was measured on the routine posterior-anterior chest
films at the level of the pulmonary sulcus where
the focus is sharpest. These values were compared
with the serum cholesterol concentration determined

on the same day in 160 hypertensive males.
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RESULTS
Factors Influencing Blood Pressure

I'rradiation. Exposure of animals to radiation can

induce, acutely, widespread vasculitis (purpura)
and, chronically, premature death from nonspecific
causes interpreted to represent accelerated aging.!
Since blood pressure measurements may refllect
vascular changes associated with aging,' investiga—
tion of hypertension in the ABCC-JNIH Adult Health
Study group seemed appropriate. An asscciation
was tested in the 4 comparison groups with respect
to: sex and age-specific mean blood pressures
(Table 2); the prevalence of hypertension, defined
clinically, but arbitrarily, as blood pressure persis—
tently exceeding 140,90 mm Hg (Table 3); and the

prevalence of severe hypertension (Table 3), defined
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BIREEL AR+ 5 & Ex bhzo T, ABCC—
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(2220, FMFELEFE—IE2VE T 140/90 mmHg %
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TABLE 2 MEAN SYSTOLIC AND DIASTOLIC BLOOD PRESSURE ALL
SUBJECTS BY SEX, AGE, AND COMPARISON GROUP
%2 GO PHIHIRNE ORI 4, s L OB

IR PO T M B T ——
ﬁ-f‘;;\] e;m};m;fl T(lJtai | 0[11;1%1 lgnm%m.up T(;tai |— _om]i%ni;%f;;%mup
=T g " 1 ] 2| 2.4 R AR
' Male
13-19 189 5124.0.+_13,9 122.2; 128.8 120.4i 124 .8| 67.5+10.9 66.6; 67.4 66.9i 68.6
20-29 270 |124.9£12.4| 124.4 124.5 126.3i 124.1| 73.6+ 9.3 | 73.7] 74.7, V3.4 V2.2
30-39 221 |122.7+16.2| 120.5 122.7| 126.5 123.2) 77.3+£12.5 | 74.7, 80.5 78.7 V7.7
40-49 241 | 128.6+19.9 125.93 130.7 130,6! 128.1) 81.6£13.4 T9.3| 83,9l 81.5 81.8
50-59 295 |138.4+25.4| 140.8 141.1) 134.1 137.2) 85.2+14.2 84.3‘ 86.?! 84.01 85.4
60-69 229 !149.9i32,0 148.7 151.8 150.5 148.8/ 85.6+14.7 | 84.5 83.8 86.5 87.3
704+ 83 !160.0i28.2 149.1 159.0 162.6 166.2) 86.2+13.5 | 82.1 87.0 87.4/ 87.4
Agen?edirulgled 1528 |135.5 | 133.1 136.9 135.9. 136.1] 79.6 ?T,9| 80.6| 79,8I 80.1
FREIE T | . (S s b
' Female 4
13-19 217 [119.4%£11.6] 121.4 1]9.2i 116.7 121.8 68.5+ 9.6 | 68.3 66.9 68.0 70.8
20-29 335 11?.9:1:11,45 116.7 11?,0. 119.1 119'4. 71.0% 9.7 ?O.Bi TO.d; 71.2| 72.3
30-39 443 |116.3+14.4 116.6 116.6 116.1 115.6 73.5+10.4 | 72.0| TS.Ti 73.9 75.3
40-49 455 |127.2422.0 128.2; 123.3 130,1; 127,5i 79.7+12.4 ?9.5! ?8,5i 81,3; 79.2
50-59 456 [139.6+29.1 138,Ti 139.9 lSQ.Zi 140.9, 84.6+15.4 | 85.2 84.8i 84.5 84.0
60-69 268 |150.4+31.4 150.4i 155.3| 147.5 148.5 87.2+14.3 87.0 89.Ti 85.6‘ 86.9
70+ 102 [173.5+19.3| 164.2 179.0| 179.5 167.8 90.0+16.8 | 90,6i 90.5 92.6 85.6
Agtr:;]afr]'llbted 2276 |134.9 133.7! 135.8! 135,5| 134,5I3 79.2 TQ.OI ?9.2I 79.6) 79.2
ERIEETISIE | i | hesi ] o5

The figures following the+sign indicate standard deviations.
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as a diastolic blood pressure exceeding the age-
specific mean by twice the standard deviation or

more.,

Some differences are observed in the mean

level of blood pressure and the prevalence of
hypertensicn (Tables 2, 3) between males of Groups
1 and 2. This difference is not apparent between
Groups 1 and 2 females nor is a difference seen
between Groups 2 and 3 in either sex. Furthermore,
the apparent decrease in hypertension in Group 1
males is no greater than in Group 4 females. That
these differences are attributable to irradiation is
unlikely. If this is not the case, then one must
postulate a lowering of blood pressure in Group
1 males,

the opposite effect in Group 2 males,

and no effect in females, Since this hypothesis is
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TABLE 3 PREVALENCE OF HYPERTENSION BY AGE, SEX, AND
COMPARISON GROUP

T I T A

lh, Mt X OHEERERI

Male I8

Female 4r

2 with blood pressure
equal to or exceeding
2

25 with blood pressﬁfé i
equal to or exceeding

ol IMFEAE LS F RIS Lyt h MFEAEDS PRIz Ly vinth
Category LlLETh s BEng LT 2 0 5
ESS Subjects | e SARIE = 2 T Subjects |- td Sl ,l;-r-i" —
e wo standard [ g g wo standard
| g deviations deviations
140/90 mmHg above the mean 140/90 mmHg | above the mean
: PRI X b 2 B SFAGME X b 2 Bk
i G0 MR LD 4 0 L EDL
Age
i
£ I : :
30-39 213 | 5.2 3.7 546 | 2.4 *
40-49 262 ' 12.6 6.1 507 | 9.7 2.6
50-59 . 324 | 209 9.6 ! 516 24.0 6.6
! | |
60-69 i 252 27.0 | 1.8 | 303 30.4 4.3
| |
Comparison group
Mo B
L : S S
1 I 251 | 11.4 4.2 i 439 ‘ 1543 4.3
|
2 | 263 | 22.1 8.8 !i 580 | 15.2 4.0
| | . |
3 ' 208 16.3 5.8 ‘ 470 | 15.9 4.0
4 329 | 18.0 ‘ 64 | 383 ‘ 12.8 ‘ 1.6
Total Z} | 1051 ‘ 17.4 ‘ 6.3 1872 ‘ 14.9 ‘ 3.6

The over-all prevalence rates are not corrected for differences in age distribution.
SR OHE RSB 22020 TEES LTy,
A blood pressure of 140/90 exceeded the age-specific mean by more than twice the standard deviation.

ILFE140/90mmHg 23R e P S 2 B R e 0 2 5kl ko ie 4,
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untenable, it was concluded that the blood pressure
of atomic bomb survivors had not been significantly
affected by irradiation. Accordingly, all comparison

groups were combined and considered as a single
group hereafter.

Age and Race. As expected from other population
surveys, blood pressure in Japanese increased
with age (Table 2). ABCC data are essentially the
same as those reported by the Welfare Ministry.'®
Blood pressure level is constant from puberty
through young adulthood, after which blood pressure
increases in a linear fashion until old age. Systolic
pressure continues to rise throughout the range
surveyed, whereas diastolic pressure appears to
level off in old age. Sex differences are obvious:
female pressures, contrasted with those of males,
are consistently lower in young adulthood, approx-—
imately the same throughout middle age, and
somewhat higher in old age.

Blood pressure data from Japan was compared
with those from representative studies in Western
countries. Findings are tabulated in Table 4. Only
systolic blood pressures are shown but essentially
the same picture is seen with regard to diastolic
pressures. Since the ABCC sample is primarily
chosen from census lists, ABCC data were compared
with similarly compiled data such as those reported
by the Framingham (USA) Group.® The Framingham
pressures are consistently higher at all ages in both
sexes, There is in Japan, however, a geographic
gradient with respect to hypertension,” Hiroshima
levels being distinctly lower than those reported
from northern Honshu. In such case, it may be
more appropriate to compare Hiroshima figures
with those from the southern Atlantic Seaboard,
an area with comparable climate.'®:* Comstock’s
data® on white Georgia residents appear eminently
suitable, They are, in fact, strikingly similar to those
compiled in Hiroshima.

Surveys among Japanese farmers indicate sig—
nificantly higher blood pressures than those among
urban dwellers.'® A similar finding has been noted
in the United States.?* In view of these coincidental
environmental factors peculiar to the populations

studied, more extensive comparisons with other
racial groups will be omitted.®
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Other Environmental Faclors. Japanese authors!
stress the observation that blood pressure has been
rising throughout Japan since shortly after the end
of the last war ({1945) and attribute this phenomenon
to gradual emergence from wartime starvation.
Insurance statistics compiled by Isshiki’® and quoted
by Schroeder' ' would appear to confirm this
wartime decrease in blood pressure. This trend may
be evident in current ABCC data when compared
with that obtained 7 years previously (ME-55 Study ).
The samples are not entirely the same but overlap
sufficiently so as to be comparable. In the earlier
study, mean systolic blood pressures are 3-7 mm
lower at all ages and mean diastolic pressures about
3 mm lower; the differences are more striking in
males. A small sample!® examined in Tottori (a
prefecture adjacent to Hiroshima) in 1946 sugpests
mean blood pressures were lower than those now
current in Hiroshima by 20 mm systolic and 12 mm

diastolic; an impressive difference. ~

TABLE 4 MEAN SYSTOLIC BLOOD PRESSURE,

ZOMOBEER HAOWES “12, # 2 KILRA
WiEH# (1945%F) » BbAKERICE G TES LS L
T o ERMAL, - OB RkRh OBl ERIRE-
LOWHENBEAN AR L0 THAEHNA LTV 3,
Schroeder 1% 233| f L fe— 5" ORIREHL IS

- DMEMETA#EEEZ LT3 X5 clbhs, 20

fEUm L BIAED ABCC DEFRHE 7 R0 B (ME-55
W) LHE LB LB ok S Ths, HE
BARIATRT 4 oTidnyss, HEHE D BB
SENCTRE LT 5, B i Tl e
EAERITRE LT 3~ 7T o€ <, IR 24 3 om
v, LA LERBFCETEHTHS, 1946512
SSHUL (R BB 2 00 oid Lo Mg ™ oF
ML, AR A DI D IEE L D e ¢20mm,
IR T12e(E <, ZOEIENTH -7,

REPRESENTATIVE

GROUPS INUNITED STATES AND JAPAN BY AGE AND SEX

# 4 HRWEOERYA DRI ST A FEHERMITE  4Elsds X 0D
Japan R4 U. 5. *HA
Hiroshima; Urban; Farm, Akita |
Age Adult Health Welfare Prefecture;
Pt Study Ministry,'* | Takahashi,® |, . . Georgia; Farm, 47
M 1958-59 | May 1959 |summer 1955 | lra{g;%%ggm? Comstock," Termessgeg0
[R5, AR | st rpgmere | EERS, BRI 1954 1940
Rt |ﬁ) i, AT | S |
| 1958~594F 159 5A | 1955%EE | |
| Male 53
20-29 125 123 132 == | 122 132
30-39 123 123 140 ' 132 | 123 132
40-49 | 129 128 145 I 138 128 136
50-59 ! 138 139 159 i 144 139 147
60-69 150 150 164 | 150 146 157
70+ 160 157 180 | = — =
Female i
20-29 118 118 | 137 = ' 113 126
30-39 116 120 | 142 124 | 116 131
40-49 127 129 ‘ 152 | 137 129 145
50-59 140 141 ; 163 154 | 141 163
60-69 150 152 . 165 160 152 164
70+ 173 164 ‘ 193 = = =

The data are reported to the nearest whole integer.
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Salt intake and salt metabolism have been
intimately linked with hypertension.’® Japanese
surveys!® indicate that the level of salt intake in
Japan closely parallels the geographic distribution of
hypertension and that the urinary sodium-creatinine
ratio is elevated in hypertensive subjects. Daily
sodium excretion in rural Hiroshima is of the order
of 200 mEq per day; figures from northern Japan
run as high as twice this amount.’®** Total sodium
excretion was not checked in the current study
but urine sodium concentrations determined in
random samples from 82 hypertensive subjects and
132 suitable comparison subjects without hyper—

tension were not significantly different.

Secondary Hypertension. A demonsirable etiology
for hypertension is as infrequent in Japanese as
in Americans. Of the subjects having blood pressure
exceeding 140/90 mm Hg, 94.4% did not have
a demonstrable etiologic disease coexisting. In the
remaining 5.6% it remains problematical \;'h(-:th{:r
the coexistent disease was indeed etiologic.
Primary renal disease other than pyelonephritis
was found in 9 subjects. This included predomi-
nantly chronic glomerulonephritis (6 cases) as well
as diabetic glomerulosclerosis, renal tuberculosis,
and a case of possible renal infarction. Pyelonephritis
was evident in 11 women but it is unlikely that
the association was more than coincidence in the
majority.*® The 2 male subjects with an accelerated
course had urographic evidence of unilateral renal
disease; in 1 case phylonephritis and in the other
a space-occupying lesion, presumably a cyst. Definite
histories of pre-eclampsia or eclampsia were given
by 10 women but the course was not distinguishable
from a suitable comparison group. No diagnosis of
irradiation nephritis was made. This is not
unexpected since the irradiation dose required to
induce nephritis® would have been fatal under
the conditions of exposure (whole body dose) in

Hiroshima.

Clinical Course of Hypertension in Japan. The
clinical picture of uncomplicated hypertension
appears alike in Japanese and Americans. Most
often the diagnosis 1s made as a resull of a casual

blood pressure determinatiom rather than from
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unusual symptoms. A complaint characteristic of

middle-aged Japanese, which they associate with
hypertension, is ‘head-heaviness’ (atama-ga-omoi);
mild ‘hang-over’ would be the American equivalent.
Other symptoms are fairly non-specific. Physical
examination was seldom remarkable. In particular,
advanced changes in the ocular fundi were rarely
seen. Although severe arterial constrictions (silver-
wire appearance) were commonly seen and small
hemorrhages occasionally found, exudates were
rare. True exudation was seen in only 3 of the 461
subjects in the study, while advanced retinopathy,
i.e. macular retinal

papilledema, star-figures,

detachment, etc., was never scen.

Laboratory findings were seldom markedly

abnormal. Proteinuria exceeding 1+ was noted in
only 12 cases and was attributable to hypertension
alone only once. In the remaining 11 cases it was
secondary to pre-existing renal disease in 8§ insta'm,ce;-‘,,
2 associated with polycythemia vera and 1 with
prostatic suppuration. Mild (trace or 1+) or
occasional proteinuria was seen with equal frequency
in the sexes and was not clearly related to age
(Table 5).

in less than 1% of the cases.

Serum creatinine levels were elevated
These findings are
compatible with the studies of Moyer et al,*” which
showed the decrease in renal function in the blood
pressure range covering most Adult Health Study

subjects to be so minimal as to escape detection by
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epidemiologic methods. Roentgenologic examination
TABLE 5 PREVALENCE OF SPECIFIED COMPLICATIONS IN
HYPERTENSIVE SUBJECTS BY AGE AND SEX
#£ 5 EINEEEHCET2EEDOGIHEDEE « Stk X TUED
Male 5 Female ir
A [Ischemic| Aortic History | Ischemic| Aortic | History
EF%; S — heart |calcifica— |Protein—  of St heart |calcifica— |Protein—| of
ol %.é’i’{ disease | tion uria | stroke ﬁ;‘fﬁ disease  tion ,urla stroke
s .@lléj_lilif—iialb' KENRA ﬁl—i‘lﬁ%iﬁi‘:ﬁ@fﬁ s [RE IO KT IRAL ﬁf—'ﬂﬂi A]“"I"GJLL
Wi K1E % e % it g KiE % LI %
| | |
30-39 11 (12) | 0 0 9 | 0 ! 13 ! 0 ‘ 0 ‘ 8 0
| I i
4049 | 33 0 3 15 0 | 49 (51) 0 ‘ 10 ‘ 10 2
50-50 |71(78) | 3 6 6| 5 h124 s | 4| 17 16 2
60-60 | 68 (T0) ‘ 4 2 25 ‘ 10 | 92 (99) 4| 22 6
| b T

A O T Rz OB O 2 d 4

Figures in parentheses refer to the number of subjects only for history of stroke.

ToHLODH



frequently demonstrated aortic calcification in elderly
Japanese (Table 5). These figures give no indication
that it is any less common than in the United
States.? Unexpected, however, was the finding in
females of appreciably more aortic calcification than

in males of the same age.

An accelerated course with extreme hyperten—
sion was noted in 3 males and 3 females, giving a
100
This agrees with previous

crude estimate of 1 accelerated case per
hypertensive subjects.
estimates.” A significant morbidity from strokes
was noted and as may be seenin Table 5 a history
of this complication was elicited from 7.7% of
those over B0 years of age. (A somewhat greater
number of subjects are tabulated for this complication
because several of these patients were confined to
their homes with disabilities and

residual were

examined there rather than in the clinic).

Heart Disease. As currently conceived, persist—
ent hypertention results in cardiac hypertroph$,
the clinical diagnosis of which usually depends
upon well known radiologic or electrocardiographic
findings. The electrocardiographic diagnosis of left
ventricular hypertrophy was made
6.6% of

was  strikingly

in 7.7% of

hypertensive males and

This finding

hypertensive
females. correlated
with the ambient systolic blood pressure, as shown
in Table 6. From a negligible rate at blood pressures
helow 160 mm Hg systolic the prevalence rose
geometrically to include nearly half of those subjects
with a systolic pressure exceeding 220 mm Hg. Age

and sex were not significant determinants.
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WLfcn 2 Ef2at,

SRR A - Y AR B IR 15403k % 3 7
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TABLE 6 NUMBER AND PERCENT WITH ELECTROCARDIOGRAPHIC
EVIDENCE OF LEFT VENTRICULAR HYPERTROPHY BY
SYSTOLIC BLOOD PRESSURE

% 6

ELFEIEKRDLER R AR TEEOKE XOUEFR

MR A L EE 50

Systolic blood | -
pressure | 5{%‘%{’“9

IR (mmHg) I

Left ventricular hypertro;ahy J‘F e

.’ilﬂjk i

140-159 161 i
160-179 152 g

|
180-199 ! 86 ‘
200-219 42 =
220+ 20 !

Number #r ‘ %
2 L2
6 i 3.9
8 ' 9.3
8 19.0
9 45.0
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Of the 33 subjects with left wventricular
hypertrophy only 2 (6% ) simultaneously exhibited
ischemic heart disease (angina pectoris). This
contrasts sharply with 29% of the 80 American
subjects with left ventricular hypertrophy reported
by Chapman et al. In the entire Adult Health Study
sample clinical evidence of ischemic heart disease
and congestive heart failure is rare (Table 5).
The combined prevalence of angina pectoris and
myocardial infarction is 3% or less. Congestive
heart failure was found in only 3 elderly individuals,
a prevalence of less than 1% . An even more
strikingly, acute left ventricular failure (pulmonary
edema) was never seen during this study nor did

any subject give a history of such an attack.

The Framingham group™® has found left
ventricular hypertrophy or left ventricular strain
of grave prognostic import. Followup studies have
indicated that this finding imparts to hypertensive
subjects a four-fold increase in the risk of develop-
ing overt ischemic heart disease. Gubner and
Ungerleider®® cite the mortality risk of subjects
with left ventricular hyperirophy to be 3.4 times
that of the general population and twice that
of hypertensives not exhibiting left ventricular
hypertrophy. It remains to be seen if Japanese,
with an otherwise low incidence of ischemic heart

disease, experience such enhanced risk.

The relative prevalence of ischemic heart
disease, as could be anticipated, is age dependent
(Table 5). It was not defected below the age of
50 in the hypertensive sample as well as in
the normotensive subjects concurrently examined.
Bevond that age, ischemic heart disease was seen
in approximately 4% of the hypertensive subjects.
No significant difference was noted between the
sexes; the age-adjusted male: female ratio was 0.85.
This lack of significant difference between the sexes
is compatible with Japanese mortality data and has
also been reported for other populations with low
rates of ischemic heart disease.®® In contrast,
Framingham reports a male: female morbidity ratio
of 2.4:1 in the age range of 45-62 vears. This is
compatible with American mortality data which
consistently show a two- to five-fold preponderance

of male deaths.™
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In the Albany and Framingham studies, myo-
cardial infarction was confirmed most frequently
by a positive history as well as the appropriate
In the Adult

Health Study group, on the other hand, except for

electrocardiographic abnormalities.

the sole evidence of infarction was the
While

1 case

abnormal electrocardiogram. the lack of
confirmatory history in a country where ischemic
heart disease is s0 uncommon cannot be taken as
unusual, the possibility nevertheless exists that the
prevalence of ischemic heart disease in Hiroshima,
as stated herein, is exaggerated. If all cases of
ischemic heart disease are considered together, the
diagnosis depended solely upon electrocardiographic

evidence without a confirmatory history in 9 to

TABLE 7

Albany #f 0%z Framingham {231+ 2 & T3, O
WHESENE (32 < O EHED TR EF & BERC &
S THEH SR TV A4, BRARBGNE T 1 FlEi-
T, DEEEESLIHEOE—OR R Tho 1, E
MR EhThHETIE, EERORE O
BEBLWC ETIWA, o orilixbhic, BB
D E MRS R SR TS TTEEN S S,
eI OBR I ARIENIC 2D &, 9 ~14GITIERES
P BRERE e <, DR RCG TR T e 2 12
(27 )M BT e iR P SR O BT RS2 b
OO ENT R I GRS 2 R 5 B 2w bh

HYPERTENSIVE SUBJECTS WITH ISCHEMIC HEART DISEASE

AND SPECIFIED ELECTROCARDICGRAPHIC DEFECTS NOT
DIAGNOSED AS ISCHEMIC HEART DISEASE BY SEX AND AGE

& F R R s D ORI OIS & 220 2 e R E L B B AR
EMEEBEO—EE ks L UERT
Male £H Female ¢
Category [X43 Nmrlber‘__i_"_“ Age ~ Number _Age =%
# ENS # A Hi
| |
Angina pectoris 2 ‘ 62, 64 2 | 56, 58
e |
Infarction, electrocardicgraphic evidence only 2 : 59, 66 4 ‘ 57, 62, 64, 66
BEZEAE, LAERAAT R D 2
Infarction, electrocardiogram and history 1 55 0 o
BESERE, (LB L OB AR
Ischemic pattern on electrocardiogram 0 = 3 50, 54, 62
DERIZ L DAk bRtz |
= z : [ |
Total isc]}z_ennc heart disease 5 | 9 i
Rl DR AR |
Type | |
Bi |
Other electrocardiographic defects i
OO LB
Left bundle branch block, complete
EMERR T vy 7, TR
Right bundle branch block, complete 4 48, 53, 60, 63 0 —
EMIEWE =y 7, &
Right bundle branch block, incomplet 0 a2 61, 65
HIHEER 7 =y 2, T5ES
Atrial fibrillation 3 57, 60, 67 0 —
D TFHEHIED :
Atrioventricular conduction defects 2 51, 60 ' 2 57, 67
Y R ! .
Loss of septal Q-waves 1 61 i 0 =
FhfiE Q HEE %
Pl = I =S
Total Zf | 10 4
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14 cases (Table 7); individuals lacking definitive
evidence of ischemic heart disease did show elec—
trocardiographic abnormalities suggestive of acquired
heart disease (Table 7). Inclusion of these defects
under the rubric of ischemic heart disease is not
admissible, and their exclusion follows the general

practice of other epidemiologic surveys. 340,41

Blood Lipids.

cidedly lower in Japanese than in Americans. The

Serum cholesterol levels are de-

mean value for Japanese males over 30 examined
in the Adult Health Study is 148 mg% and varies
only negligibly with age {Table 8). This value is
the same as that found by Keys in southern Japan.
The distribution of values is log-normal; the upper
middle 959 of the

limit of the population is

220 mg%. In contrast, the mean value for American
males of comparable age is 225 mg%.5'" Japanese
females show an abrupt rise in serum cholesterol
between the 5th and 6th decades, perhaps suggesting

relationship to the menopause.

fo (R7), ZhBOBRMEE A WO om
HicAhz 2 Eikihskion, Zhasl Li-oifio
BEFATRED—RIIETIZ e foE TTH B Swinn

MAEEE  HARADIIRE = v AT =~ A fEILREAD
fEL D HFL KL, AR TES L30T
ED BRAFTOFIEHL 148ng % T, FHIC L > T
BAY BEbir (#£8), ZOfEiL Keys pigEHAT
OEETHIML AL THH M 2V A7 = — 4
EOMBEERAMCH B, = OEMOHRDI5% 23
& B RO LR RIL 220ng % T o t- OV L4
FR O REAFFOFHEIL 225m9% Th 5,5 HAkA
LFA0F 2 50 L TOMClEa L AT = —~
AMEDE I LR AR, IR oR AR
TLoLEbhE,

TABLE 8 MEAN SERUM CHOLESTEROL VALUES BY SEX AND AGE

#= 8 TG = v A F v — Ul 2 g T ORI
Age Male ‘ Female
A i H -
30-39 138.5+28.9 ‘ 145.8+32.4
40-49 150.8+£34.8 ‘ 153.9+31.7
50-59 150.94+35.1 171.1+33.4
60+ 151.5:+36.2 172.8+36.8

Triglyceride levels were determined in sera
from 80 male and female Japanese, evenly distributed
over the age range 30-69 years. The values were
compared with simultaneous determinations on sera
from 25 American marines under 30 vears of age.
No difference between the fasting triglyceride levels
(means of 80 and 79 mg%, respectively) and that
reported for young adult American males® was
noted. In the Japaense sample, triglycerides did not
change significantly with age. The low triglyceride
and cholesterol levels indicate low concentrations

of the low-density lipoproteins in Japanese.
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TABLE 9 SERUM CHOLESTEROL VALUES IN HYPERTENSIVE
SUBJECTS RELATED TO OBESITY

# 9 MEfEE S MEEEEOlE 2 v A7 v — {8
Serum cholesterol e Fen?_‘f]f _’b‘_ i, Male 5% ..,
M= v A5 e —fi Overweight Normal " Overweight |  Normal
B % | FE % M % ] EX %
<140 mg % 6.0 23.5 10.7 ‘ 45.2
140-179 39.0 45.5 50.0 43.7
180-219 41.0 26.0 10.7 ‘ 10.3
220 14.0 5.0 28.5 0.8
Total 3t | 100.0 100.0 | 9.9 | 100.0
| ¥*=22.4; p<.01 ‘ xt=18.8; p<.01
| (n=3) | (n=2)
T | i |
Median cholesterol 185 | 163 ‘ 167 145
= L AT ' — L i
Median age 55.8 57.0 53.6 57.7
SRR L
No. of subjects 100 | 162 28 126
BAEE '

Subjects with diabetes,
defined differently in the sexes.

hypothyroidi$m and marked proteinuria are omitted. Obesity is

BERR A, BRI RERERAT s X OGRS OB EEE R R Uiz, IR o eI [ T R s

Do

Obesity. When the hypertensive women were

divided into 2 groups, normal and overweight, on
the basis of the examining physician’'s subjective
appraisal, the median cholesterol values are 163 and
185 mg¥ respectively (Table 9 ). The magnitude
of thiz difference is as great as the apparent rise
in cholesterol levels with age, but is not due to a
fortuitous segregation of the 2 groups into young
and old, as can be seen from their similar ages.
Obese subjects were somewhat younger and the
small difference in age is in the opposite direction
to that of the cholesterol levels. A reliable measure—
ment of leanness-fatness was not made in these
women, but weight-height ratio shows a correlation
coefficient with serum cholesterol of 0.23 and is

statistically significant at the 1% level.

The relationship between adiposity and serum
cholesterol was more readily tested in men, in whom
leanness-fatness could be assessed by measuring the
dermal fat layer radiographically.®:* A statistically
significant correlation coefficient of 0.36 (P<(.001)

was obtained, indicating that 13.0% of the variance
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of the cholesterol value is associated with variation
in the subcutaneous fat of the chest. Similar
measurements in English medical students with a
much narrower age distribution are reported to have
a correlation coefficient of (.431 with a variance
of 18.6%.* This association was apparent clinically;
it was noted that 29% (8 subjects) of the obese
males had serum cholesterol levels exceeding
220 mg¥% while less than 1% (1 subject) of the
nonobese exceeded this level (Table 9 ). The reason
for this phenomemenon was not readily apparent
and could not be attributed to coexisiting diseases

such as diabetes.

Obesity was of obvious prognostic import in
the development of ischemic heart disease. Of the
5 hypertensive males with ischemic heart disease,
4 were obese on the basis of skin-fat measurements;
1 was neither obese nor ]1yper(:holcsterolemig,
Conversely, ischemic heart disease was present in
11% of the obese hypertensive males but in only
0.8% (1 subject) of the nonobese. This effect of
obesity could nol be dissociated from its influence
on blood cholesterol levels since the number of
subjects is small. Nevertheless, the effect, however

mediated, 1s impressive,
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DISCUSSION

It is evident from this study, as well as others,
that the course of hypertension in Japanese ™%
is quite different from that in Western populations.
In the United States, heart disease is the most
common complication in patients with hypertension
and also the leading cause of death.”®* This does
not appear to be so in Japan where patients with
hypertension seldom develop symptomatic heart
disease and are much more likely to die of a cere—
brovascular accident, This is especially evident
when comparing the subjects in the current study
with those reported from the United States. In
Table 10 the prevalence of ischemic heart disease
is compared in hyperiensive Japanese and American
males unselected as to blood pressure.®i:39:40 The
prevalence of ischemic heart disease in Americans
is at least twice that in the Adult Health Study
population. Since the same American studies find
hypertension to enhance the risk of develeping
ischemic heart disease, the difference would be
more striking if groups with strictly comparable

blood pressure were compared.

This comparison, however, considers only
myocardial infarction and angina pectoris. Congestive
failure in hypertensive Japanese is at least as
uncommon as these manifestations of ischemic heart
diseasze and can be considered a rare complication.
On the other hand, left ventricular hypertrophy
The

hypertrophy. naturally follows hypertension but that

is rather common. inference may be that

congestive failure depends upon some superimposed

factor. This factor apparently could be ischemic -

heart disease due to atherosclerosis since autopsy
studies indicate a comparatively low incidence of
this condition in Japanese. For example, Shu Yeh
has found gross atherosclerosis in Japanese under
age 40 to be one-quarter as frequent as in Americans
and in middle ape one-half as frequent; when the
severity of the atherosclerosis was considered, the
difference was enhanced. At autopsy, cardiovascular
diseases were 5 times as frequent in Americans as

in Japanese.

What are the possible environmental factors?
One striking difference between the 2 populations

is the diet, Japanese eat about 20 g of fat per day,
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of which 809 is of plant origin®® whereas Americans,
by contrast, eat at least 5 times as much fat,
mainly of animal origin.**»*" The intake of animal
fat by Americans is thus 20 or more times that
eaten by Japanese. It is, therefore, not unexpected
that blood lipid levels differ considerably in these 2
populations. Americans characteristically display
high cholesterol levels ascending with age, typical
of societies with diets rich in fats.*—%" Relatively
low levels changing little throughout life are seen
in Japaese as well as Guatemalan natives,® Delhi
Indians,®*** and lower class Italians,® who share
in common with Japanese a diet low in fat. In
contrast to native Japanese, Nisei have cholesterol

levels equivalent to other Americans.*!

Elevation of blood cholesterol levels has fre—
quently been associated with a higher risk of ischemic
heart disease. The Framingham Study suggests
that a serum cholesterol in excess of 260 mg% is
particularly meaningful.® Since this value is less
than ] standard deviation greater than the American
mean value, approximately 20% of American males,
especially older men, share an enhanced risk. On
the other hand, this value exceeds the mean for
Japanese (as obtained in this study) by some 3
standard deviations, and, therefore,. less than 1
Japanese male in 100 is similarly endowed. Futher—
more, such individuals appear to be predominantly
This

relates 2'of the most frequently implicated factors

ohese. interesting observation intimately
predisposing to ischemic heart disease in Western

society.

Recently much emphasis has been placed on
the prognostic value of the fasting triglyceride
level. In this regard, triglyceride levels in Adult
Health Study subjects are the same as reported
for young Americans,® and fail to discriminate
between the populations, Cholesterol levels, on
the other hand, readily distinguish the groups in
question. A triglyceride level rising with age, as
reported by Albrink and Mann®*® in a nonrandom
US sample, was not seen in the Adult Health Study

sample. This may be attributable to the relative

leanness of Japanese since Albrink et al® have .

recently presented evidence relating rising serum
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triglyceride levels to increasing obesity rather than
age. The apparent correlation between triglycerides
and age is attributed to increasing obesity as

Americans grow older.

Certain implications of the current data stand
out. The finding that hypertensive Japanese seldom
developed symptomatic heart disease, suggests that
heart disease is not a necessary complication of
hypertension alone. Those few Japanese who do

develop cardiac complications are largely obese
and hypercholesterolemic individuals (by Japanese
standards). Presumably cbesity and hypercholeste—
rolemia predispose the patient with hypertension to
ischemic heart disease. Therefore, a reasonable
suggestion is the control of weight and blood lipids
as a method for the prevention of heart disease
among patients with hypertension. Obviously well
controlled, prospective studies will be required to
prove this point in non-Japanese. Nevertheless, the
control of weight and reduction of blood Hpid
levels®*®® would appear to be sound adjuncts in the
management of hypertensive individuals regardless

of ethnic origin.

SUMMARY
The interrelations of hypertension, ischemic
heart disease, blood lipid levels and ionizing

irradiation were investigated among 1051 male and
1872 female members of the ABCC-JNIM Adult
Health Study.

irradiation upon the cardiovascular system were

No significant effect of ionizing

detected.

No major difference in age-sex specific mean
blood pressures between Adult Health Study subjects
and a suitable American comparison group was

found. Dissimilarities noted with other groups
compared are considered due to the sum of sampling
bias, varying techniques, and coincidental environ—
mental factors rather than a true racial difference.
Blood pressure levels, stable from puberty through
young adulthood, begin to-rise early in middle age
and continued to rise into old age. As a result,
hypertension as clinically defined (140/90), is
common in middle-aged and elderly members of

the Adult Health Study. In 94.4% of instances,
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or more, a demonstrable etiology for hypertension
could not be found; these are considered to represent

Essential Hypertension.

An accelerated course with fulminating vascular
deterioration was suspected in only 1% of the
hypertensive subjects. As a result, advanced
retinopathy and renal failure were rarely seen.
Electrocardiographic evidence of left ventricular
hypertrophy occurred in 7.2% of the hypertensive
subjects in this study, and was readily correlated
with ambient systolic blood pressure. Evidences of
ischemic heart disease and congestive failure were
rare and distinctly less common than in American
males unselected as to blood pressure levels. In
contrast, mortality statistics indicate cerebrovascular
disease to be at least as common in Japan as in the

United States.

Adult Health Study data exhibit low sn’:r‘ﬁm
cholesterol concentrations by Western standards and
elevated levels are predominantly limited to the
obese. Both factors appear of importance in the
occasional hypertensive subject with ischemic
heart disease, The therapeutic implication of this

observation is briefly discussed.
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