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MORTALITY AND BODY WEIGHT
* B & k& L X

INTRODUCTION

There is convincing evidence that overweight persons in
the United States have higher rates of development of
various disease processes.''® There are, however, no
data from other communities where the body build of
inhabitants is different. It is evident in traveling between
the United States and Japan that in Japan most people
are thin whereas in the United States most people are
much heavier. There is then an important opportunity to
study the relation of health to body weight in Japan and
to compare the results with data from the United States.
Such a comparison could confirm the suggestion implicit in
the U.S. data that the relation between health status and
body weight is a function of relative weight rather than
absolute weight. On the other hand, absence of the relation
between disease and overweight in Japan would suggest
that findings in the United States may be really a function
of absolute level of weight or perhaps other factors which
in some degree correlate with body weight.

The present study reports the patterns of height and
weight and the relation of mortality to relative weight in
Japanese subjects living in Japan, and compare these
data with those obtained from Americans living in the
United States.

METHOD OF STUDY

Subjects The subjects were 12,076 inhabitants of
Hiroshima (male 4463, female 7613) whose height and
weight measurements were available from past or present
clinical investigation programs of ABCC™* and who were
simultaneously subjects of the long-term mortality follow-up
program being conducted by the Japanese National Institute
of Health (JNIH) and ABCC?® Persons were selected
for study for both the clinical and mortality follow-up
programs on the basis of their location at the time of the
atomic bombs in 1945, They were chosen without regard
to their health status.
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Standard for Weight Measurement The standard
relation of height and weight measurement was based on
data obtained from the regular clinic visits (1958-60) of
the ABCC-JNIH Adult Health Study.® The ratio of
actual weight to the 50th percentile in each height, age,
and sex category was employed as the index of over
or underweight.

Duration of Observation The denominators for mortality
rates were obtained from the calculation of person-years
at risk. Mortality information was tabulated from entries
in koseki registers.* The period of observation was
expressed as person-years from the date of examination
until death or the cut-off date for the tabulation of data.
The cut-off date for observations was for the majority of
cases September 1961, although some cases were cut off
September 1959 or 1960. Fractions of a year at the
end of the period of observation were rounded to zero
or one according to whether the fraction was less than
or greater than or equal to one-half vear, respectively.
Weight measurements were obtained between 1950-60,
For subjects examined more than once, the weight
measurement obtained in the earliest examination was used.

RESULTS

Comparison of Height-Weight Relation in Hiroshima
and the United States The relation of height to weight
by decades is shown in Figure 1 for the Hiroshima
Adult Health Study population and insurance policyholders
in the United States serving as the basis for actuarial
statistics. 7 A number of features of the data are of
interest. Americans are considerably heavier than
Japanese. This is true of women and men at all ages.

Americans become heavier with age in contrast to the
Japanese who gain negligible amounts of weight as they
get older.

American men are much heavier than American women
ages 20-29. Although American men gain weight with
age, the weight increase in women is sufficient to practi-
cally eliminate the difference between the sexes so
clearly seen at ages 20-29.

In Hiroshima the weights of Japanese men and women
are the same for a given height and remain so without
significant change in either sex throughout the life span.
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* Japan has an official family record containing what corresponds to a legal or permanent address. Vital events and changes in address must
be reported to the office having custody of the records. The permanent address is termed the Honseki, the record itself the Koseki, and
the office of custody the Koseki-ka. Knowledge of last or any recent Honseki is a guarantee of the ability to determine survival status for

any person in Japan.
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FIGURE 2 PERCENT DISTRIBUTION OF WEIGHT COMPARISON BETWEEN ABCC-JNIH ADULT HEALTH STUDY
HIROSHIMA SAMPLE AND AMERICAN POLICYHOLDERS AGE 50-59
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FIGURE 3 AGE SPECIFIC MORTALITY RATES/1000—MORTALITY AND BODY WEIGHT STUDY
AND ALL JAPAN 1955 AND 1960
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TABLE 1

AGE ADJUSTED MORTALITY RATE ' FROM ALL CAUSES OF DEATH

BY RATIO TO 50 PERCENTILE WEIGHT, HIROSHIMA
®1 BRI LB EMITERCHE: BOHHAAER I T2 1A, ES

Ratio to 50 Percentile

Male %

" Female %

Weight

. B Person years Deaths  Rate! /1000  Person years Deaths Rate t /1000
i i L PP %gg AEE RCH ﬁém_
<,85 2320 76 27.7 5555 a7 12.1
(85.94 7859 155 19.3 11575 98 8.7
85-1.09 9108 139 17.2 12401 98 8.6
1.05-1.14 3936 76 18.7 7929 48 6.9
1.15 + 2211 37 1557, 4913 42 8.4

t Adjusted by the age composition in the total subjects of each sex.

Although not presented in this report, the data for a
similarly chosen urban population in Nagasaki were
the same.

The percentage distribution of actual weights of Hiroshima
subjects and American policyholders is shown in Figure 2.
The distributions shown are for ages 50-59 for fixed
height.* Although the illustration iz for only a single
age-height grouping, the same relation held for all
groupings. The figure clearly illustrates that in Hiroshima,
persons whose weight was about 15%-20% higher than
the 50th percentile weighed less than the mean weight
of American subjects of the same age and height (actually
slightly shorter).

Mortality The present analysis utilized deaths occurring
between 1950 and 1961. In Figure 3, the age-specific
mortality rates for both sexes for subjects of the present
study were compared with Japanese vital statistics for
1955 and 1960. The mortality experience for the subjects
under study was comparable to the rates for Japan
as a whole.

The mortality rates for all causes of death in Hiroshima
subjects are shown in Table 1. The data are classified
by the ratios of weight at the time of examination to the
50th percentile weight derived from standard height-
weight tables and the mortality in each class is adjusted by
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EEHIFECE & H A 2E 19554 & & (71960 0 A
HEMGEE & R IEE L oA, EENREOFECH L HALE
DEEEILHEULTLA.
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There is a slight discrepancy in the classification of height between Hiroshima and American subjects:

Hiroshima, Male 61-66 inches,

Female 57-59 inches; United States, Male 6266 inches, Female 58-60 inches. In addition, American males and females were measured
with shoes on whereas in Hiroshima, measurements were made without shoes.

EHEREOMEEDERFHIGH T2 4HAFSH 5. KB, B6l-664 »F, &L57-594 » F; KE, H62-664 > F, £58-604 >
F. 20k, AEoSTEHE ez TRE LAY, RBTEELBETHEL ~.



TABLE 2 DEATHS FROM ALL CAUSES, OBSERVED AND EXPECTED, CLASSIFIED BY
RATIO TO 50 PERCENTILE WEIGHT, HIROSHIMA

#2 AERICEIRCHEOREH L MEH: R0 UEEICNT 55, B

Ratio t(:w:‘nl) Percentile Male 8 Female # i
[eight ; o :
AL e . Observed Expected Ratio Observed Expected Ratio
RUSHNRREMISL ‘wmpy wen o BEK  WEK i
< 85 76 53.7 1.4 87 66.3 1.3
.85 .94 155 153.8 1.0 98 99.1 1.0
.95-1.04 139 155.4 0.9 98 100.4 1.0
1,05-1.14 76 77.6 1.0 48 62.2 0.8
1.15 + 37 42.2 0.9 42 44.8 0.9

X 24)=11.7 P: .02.01*

x*4)=9.9 P: .05.02*

* Significant at 5% level 5 % O RETHE

age groupings(10 years)of the total number of person-years
observed for each sex. The ratios of observed to expected
deaths for males and females separately are shown in
Table 2, where the expected numbers were obtained by
applying the age-specific death rate for all subjects in
each relative weight class combined to the number of
person-years observed in each relative weight class by
age.

For males and females there is a statistically significant
excess number of deaths in subjects whose weight was
>15% less than the 50th percentile weight according to
height, age, and sex. Mortality did not increase with
increasing body weight. Analysis of the data by specific
age groups (<40, 40-59, 60+)did not change the results.

A comparison of observed and expected numbers of
deaths for specific diseases as entered on death certificates
is shown in Table 3. Excess mortality in underweight
persons was found for tuberculosis and malignant
neoplasms. On the basis of these data it is not possible
to determine whether the relation between underweight
and tuberculosis and malignant neoplasms represents
increased susceptibility to these diseases (as has been
suggested for tuberculosis'’)or weight loss resulting
from the diseases.

A higher mortality among overweight persons was seen
for vascular lesions of the central nervous system in
males. This is similar to data from the United States.”
This finding is consistent with other data from the Adult
Health Study where a direct relation between blood pressure
and weight was found in Hiroshima subjects (Figure 4).
In addition, mortality inereases with increasing levels of
blood pressure in every age group, particularly in males
(Figure 5).
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TABLE 3 OBSERVED AND EXPECTED DEATHS FROM SELECTED CAUSES, HIROSHIMA
#3 BEORRAICLIZRCHEOBER L MIFH: E5, LS

Ratio to 50 Percentile Weight 505 S A ® Iz + 5 K

Cause of Death Sex 2 ——  Test
SE prage < 85 .85-.94 .95.1.04 1.05-1.14 1.15 + g

0 E 0 E 0 E 0 E 0 E
Tuberculosis, all forms Male % 6 2.6 0 7.9 10 88 e ] N R g R
2HEH Female % 3.0 5 5.7 5 5.9 4 3.9 2 23 xis-=1.6 NS
Other infectious diseases Male . . 1 . 08 i o 125 AR T 1 05 Xk4)=49 NS.
7 Ol E iR Female % 0.7 = 2 14 1 09 1 0.4 x%3=-17 NS
Malignant neoplasms Male # 21 135 44 7.6 32 394 20 195 4 10.9 x?[#] =11.0 *
WAL F Female % 28 185 28 27.5 25 28.1 13 17.9 13 134 x%4)=7.2 N.S.
Diabetes mellitus Male A 1 0.7 2 2.0 2 1.8 1 1.0 0 0.4
R Female % 0 0.7 i 14 g 4o 2 08 1 0.1
Vascular lesion of CNS Male E'S 8 10.3 20 28.3 27 27.9 19 14.3 15 7.8 x24)=11.2 *
L AR R o 1L R Female ® 13 13.3 21 18.1 15 17.8 10 10.6 9 taid x%4)=1.0 N.S
Arteriosclerotic heart disease  Male 5 6 3.7 15 11.0 8 11.0 1 5.3 4 2.1
i AR A A 1L 2R A Female % 8 38 3 5.2 2 54 5 3.4 SO
Hypertension Male 5 1 0.7 1 1.9 el 1 1B | 1 R0:5
I E §E Female % 2 1.6 2.1 B wsil - 1.3 3 1.0
Cardiovascular disease Male B 0.6 1.7 3 1.6 . 0.7 2 0.3
R I IR A Estiriiaot
Nephritis and nephrosis Male 3 1 1.3 3.8 67 38 1 1.9 - 2.0
BhELUPATO ¥ Female % 4 oy 4 34 . 5 3.4 : 2.2 L,

O Observed G0% 8 E Expected MH{F %

Although the entry of diabetes mellitus as a cause of
death on a death certificate is difficult to interpret,
there is a suggestion that in females, overweight is
associated with increased mortality from this disease.
These data tend to corroborate the results of a separate
study of Hiroshima subjects which demonstrated an
increased prevalence of diabetes in overweight persons.'!
In addition, it was found that the complications of diabetes
mellitus were more marked in females in Hiroshima

! 1
than in males.’

It is difficult to comment meaningfully on other individual
causes of death because of the small number of cases in
these categories.

DISCUSSION

The data in the present report indicate that inhabitants of
Hiroshima have considerably lower body weights than
American insurance policyholders of the same age, sex,
and height. Weight changes little with age in Hiroshima
whereas there is a steady rise in American men and a
marked rise in American women.

* Significant at 5% level 5 %M k¥ THE
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Deaths from all causes were more frequent in underweight
persons in Hiroshima. When cause of death was analyzed
by individual diseases, tuberculosis and malignant neoplasms
were found to account for these high rates in persons
with low body weights. The findings for tuberculosis are
similar to those reported for the United States, but the
results for malignant neoplasms are different.’  The
discrepancy is probably due to the exclusion of persons
with neoplasms in the United States data. Since
the persons in the study were not selected according to
health status, it is likely that illnesses already present
when the subjects were seen contributed to these high
rates. Inorder to explain these phenomena, further study
will be required. The possibility that underweight persons
have an increased susceptibility to these diseases, however,
cannot be excluded.

The findings for cerebrovascular diseases were similar
to the data reported for American policyholders.'?
Relatively heavy persons in Japan have higher blood
pressure; increasing blood pressure is associated with
increasing mortality and relatively heavy persons have
increased mortality rates due to cerebrovascular disegses.
A death certificate recording of cerebrovascular disease
in Japan is highly correlated with evidence of hypertensive
vascular disease at autopsy.'’

Stroke is the most common cause of death in Japan and
the rates for this disorder are said to be the highest in the
world.!*  Arterioselerotic heart disease, however, is
unusual. "% The infrequent death certificate diagnosis
of arteriosclerotic heart disease attests to the rarity of its
being considered a cause of death. The small number of
cases in this rubric does not permit meaningful analysis
of the data.

Diabetes is common in Japan and is seen much more
often in males than in females. Although death certificate
diagnoses of diabetes are difficult to interpret, there is
some evidence that they reflect the overall prevalence of
diabetes in Japanese communities.'” It is of some interest,
therefore, that overweight females may have a higher
mortality due to diabetes mellitus. This is in accord
with a separate study of diabetes in the ABCC study
population which showed an increased prevalence of
diabetes in overweight subjects and more severe compli-
cations of diabetes in women than in men."'

Increased mortality for all causes of death with increasing
body weight has been clearly demonstrated in American
policyholders, but this is not evident in the present data.
Our data suggest that such a relation may not exist at
this level of body weight in Japanese subjects since increased

10
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mortality for American policyholders was clearly demon-
strated for persons 5%-14 % and 15 %-24 % overweight.
The extent of relative overweight noted in Japan may not
be overweight when compared to the level of absolute
body weight of Americans.

Some of the results of this study have been presented in
comparison with data reported for American insurance
policyholders. However, the authors must point out the
presence of the following problems in this study:

Since an attempt was made to use as large a sample as
possible, the composition and nature of subjects are not
clear.

Measurements of body weight were obtained over a
period of 10 years from 1950 to 1960, and not at the
same time.

The duration of observation from time of measurement
of body weight until death or the cut-off date was not
sufficient (average 5.6 years) so that there is the
possibility that many of the underweight subjects may
have had loss of weight due to some serious disease
they had at time of body weight measurement.

Only mortality has been used as a measure of health
during this comparatively short period of observation.

This report is the beginning to studies of this type on
data obtained in Hiroshima and in the future it will be
necessary to rectify these problems in the continuing
study of the accumulated material.

SUMMARY

A definite relation of mortality to body weight has been
established in actuarial data from the United States.
Persons in Japan weigh considerably less than Americans
A study on the data
in 1950-60 was undertaken, therefore, to determine if
the same relation of body weight to mortality existed in

of the same height, age, and sex.

the Japanese as has been reported for Americans.

The data relating increasing mortality to increasing body
weight in Japanese subjects appear to substantiate the
findings in American insurance policyholders with reference
to cerebrovascular disease, hypertension, and diabetes
mellitus.

Tuberculosis and malignant neoplasms are more common
causes of death in Japanese persons of low body weights.

11

EOMMNABED AT A Y, SH0&RE, ZofRE
DEBETEZOLE) ARFEFIHAACIZVZ L EREL
TWwa. HANIET 2 ZOREOM Y 28 HF &,
TAYH AN ZEFEOL NN L HELZBAI0H
FEEELEVOHME LRgn,

DlEzoffEhodohisdTo#Es, KEOKBEH
R Lk LoDt EE, LALEAS, Z0OH
Fizik, KOk3 2w >2rOBMEES0MELZEELT
PefEE LAt hiE L6 L. T hbhb,

TELHENELELOBALFHL LS & LHER,
MR EFEORR &R IZIAEEE R Z &

R HEHE BE AT19504F & 5 19604 O 102 R T, &
LEbThEI L.

HEMER,> SFECRE - IRAET U ETOHE
ELMA e ) RATEZ (CFH5E6E), BERD
FZoPlldARNER T TIIERERACLDP T
WhEnEEE R L S TWAENELEENDHE
Hossz k.

FeagmsE wERs R T o MR ETIRTE 1B o A ARHE L
LT, FEC#EA Y EIF L k.

COWLERE, RBIIFIIEHEFACTZIOMONE
LT AMEEOTLLOTHEN, SREHEATY
(HpgEEORBBRIIETVT, 0k ) EMESEDIE
L, MEARBEE TV ZEFVLETSHS.

£ 5

RKEOREHFOER LS L, FELECTREOMIC
MELZMEFEO S LABDLRT V2. HEAOKE
2, FhebE, FMPLEUMERIUSTIREANLY
HUBEe., 227, REACLTHEEATVE LD
ARELECERLOBEIFIAARAIIE S22 E) 25N
NBRHiZ1950 - 60EOER oW TR L 2.

AAAOEERNEFECERMNOME & Ba LR,
AN O R EFE O RIS RRE, @MERED & O
RFEICETamRe LT 2L 128bnb.

EEEOAARANIG, BEEEEREDICEIIECYTS
V. KEORBESE T EZIID 0 TREOMEHEE



A similar relation holds for tuberculosis in American BHehdH, BERITEHMIoOVWTEEAAELLALL.
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policyholders, but not for malignant neoplasms. Further COHEOEREFET TS0, S5 CREEET LS
study is necessary to establish the cause of these phe- HAHS.
nomena.
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All causes of death considered together do not increase OFECIE, KEAO X SIEEBEME & & 120+ 5 =
with increasing body weight in Japanese subjects as Lidhw., ZoZE0EBAEZIARLATRW. ZORE
they do in Americans. The reason for this difference BusEL v, BESSWELA LT, X6 I0ETSE

has not been determined. Further analysis is planned.
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