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EPIDEMIOLOGY OF DIABETES MELLITUS IN HIROSHIMA AND NAGASAKI

EE & & U E B

INTRODUCTION

The program of ABCC has provided a unique oppor—
tunity to investigate the epidemioclogy of a number of
diseases in Hiroshima and Nagasaki, Japan.! An earlier
detailed study of diabetes mellitus by Rudnick and
Anderson of about one third of the Hiroshima sample
demonstrated that the prevalence of diabetes was
comparable to that of Oxford, Massachusetts, and
commented on the reversal of sex ratio in Japanese
diabetes.? Many {features of diabetes mellitus are
remarkably different in Japan and Western countries.
Atherosclerosis, ketoacidosis, and juvenile diabetes are
rare in the Japanese. On the other hand, retinopathy,
proteinuria, and ketone response to noreprinephrine
are comparable to Western experience. These data have

recently been reviewed elsewhere.?

Reported here are the data on diabetes mellitus
collected from the entire ABCC-JNIH Adult Health
Study population at the first and second examinations
(1958-60, 1960-62) and a comparison of the epidemiology
of this disease in Hiroshima and Nagasaki. The differ—
ences in the two communities provide some measure
of the variation possible within national boundaries and

between males and females.

Nature of the Population A sample of about 20,000
persons from Hiroshima and Nagasaki was selected
the 1950 Japanese
Persons were selected according to

from information derived from
National Census.
their location at the time of the atomic bombs. The
purpose of the study is to determine the long-term
health status of persons exposed to varying amounts
The details of the selection
procedure and an analysis of sociologic features of the

of ionizing radiation.

population have been given elsewhere,!!
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The study was begun in 1958, and the entire sample
scheduled for examination at two-year intervals. Most
patients were seen in the morning about 1 to 3 hours
after breakfast. A medical history was taken and a
physical examination performed after a urine specimen
and blood had been taken. Chest X-ray, electrocardio—
graph and various other laboratory tests were performed.
Between 1958-62 about 90% of sample members still
living in the two cities were examined (Table 1).%¢

Z OFFITIBBFIT A S h, MHFIT T 24ER XD
ZRTHLOC TS, HEEOIRO LT Ay 1-
3 IGRHEIREME L CRE Ui, WL IR L, RERE Lo
TR LI ObIZ2FREL T - 70, R Xk, OF
Bk X U DL AT O RS 2 477 - 72, 1958 - 624%
O, MHCFETLRENSBONNE N T 2 L 1
(#£1).%

TABLE 1 CONTACTING RESULTS BY EXAMINATION CYCLE AND
CONTACTING CATEGORY

Fe 1 EIRRREG : BEANE Lok
Jeeies B 1958-60 Cycl_g\ Contacting Category
cle 2 4 e
SR Total R A =
% 1 .2 3 4 5 6 7
Total 5t 19877 14923 1710 1586 196 96 22 1344
Contacting Categories kiR
LB 51 1348 78 W1 %8 41 30
2 Eg;;g??é%$[Jﬁ;ﬂﬁn,“Au“.“,“,. 1384 556 765 24 15 16 8 0
3 Moved—address known
SEt TR LT B 1790 419 42 1243 81 4 1 0
4 Moved—address unknown
BRIl L e D 182 58 21 46 53 1 3 0
5 Too ill to come
TRED 1D RTRABED e 40 23 8 0 0 9 0 0
g %%ﬁ%ﬁaot%mMmmm 275 287 26 3 2 0 7 0
THECERER & 3 PO S i g L8 B 3 18 0 134
B AEiAOEMe e B B84 1 0 0
MATERIALS AND METHODS MHEBRUAER

The blood pressure readings were taken by a Japanese
nurse. The cuff was applied to the left arm in the
sitting position. Diastolic values were recorded as the
point of cessation of sounds. The first reading obtained
was used for analysis. Height was measured without
shoes. Weight was measured with the patient wearing
only a dressing gown, the weight of which was

subtracted from the observed value. After data for

MFERELL A s AG#RD T o fe, BTy v=y b
ERERCET, FHAALERMMES LCR&E Lz, &
TR P& AR B F. SR B T E L
fo. BREILBSAIET A L THE L, B GTR RS
OB EELFI I, 1958 - 60FIC dsiT 2 HEN R ER S

Rz OWTH R L OREL PR LIz DbIT, Seigel” 115



height and weight had been obtained on the entire
population in 1958-60, the relation between these two
measurements was established by Seigel,” who fitted
least square curves to express the relation of logarithm
of weight on height, by age and sex. In the present
analysis, the expected weight according to height (as
calcuated from Seigel's formula) divided by the observed
weight provided the basis for dividing the population
into three groups. Light-weight persons were those 6%
or more below expected weight, normal-weight persons
were those from 5% below to 11% above expected
weight, and heavy persons were those 12% or more
above expected weight.

Information about family history of diabetes was
taken from the replies given during the first cycle
of examinations in 1958-60. Serum cholesterol was
determined by the method of Abell et al.® During the
195860 cycle, casual urine specimens were collected.
‘Starting October 1960 in Nagasaki and November 1961

in Hiroshima, clean voided urine specimens were

routinely analyzed. Glycosuria was determined with *

Benedict’s reagent until June 1960. After July 1960
the urine was first tested with Combistix and positive
results confirmed with Benedict's reagent. This
procedure was adopted because some of the slow-
appearing faint trace results with Combistix were
negative when tested with Benedict’s reagent.

The urine was tested for protein with sulfesalicylic
acid and positive reactions confirmed by the nitric acid
ring test. For the 1958-60 cycle the result of the nitric
acid ring test was recorded in Hiroshima and the
sulfosalicylic acid test was recorded in Nagasaki. In
July 1960, Combistix were used to test for protein in
both cities. Positive reactions continued to be confirmed
with nitric acid. The nitric acid test result continued
to be used in Hiroshima but the Combistix test was
recorded in Nagasaki. Blood sugar was determined in
both cities by a modification of the method of Folin
and Malmros.® Protein precipitation was accomplished
with sulfate-tungstate, and ferricyanide was used for
the final color reaction; however, the techniques were
slightly different in the two cities (Hiroshima, 11!
Nagasaki!®), The normal range was determined to be
80 to 110 mg/100 ml in Hiroshima and 80-120 mg,/100
ml in Nagasaki. Nevertheless, the same diagnostic

RIZH T 5 AR OR B OMFRA ik L OMIIIC R -sic
B 2 /T L AR A B TId T 2h B 2 D OJIEE DR
FEMEL T2, SEOFENCET, FRCHTLTFHE
{6 (Seigel DARDBHE L) 2 BEEE CH - -8R
ZRCTHRENRY 3K Lic, SENTFEEELD
6 % Ll EB G ELYERS, THEEL L 5% B ENLIL
SECEYERGEES, THERL D L12%0 FEGHYE
BEL LI

FRAOREEICEET 5 BphT, 1958 - 60405 1 Bif2
EOBROMBICHITAEEN B, MiEzvAase—-1EB
iX Abell 5* ORI X - THIE L7z, 1958 - 604222 F1
TIRERIIZ DO FWEL. BB TL 1960E10A0 5,
BB TIX1961F 11 A 2 bR E his W HER R BT R O B 47
X o Uiz, REEERIL19604F 6 A ¥ T Benedict 338
A VTR - T iz, 196048 7 A LI#IT £ 3 Combistix
FRGTHREL L, BEERTRIL Benedict B3Ex AT
R L7z, Combistix iz X 2 E TIXik 2B A2 EBE
EERT L OORI, Benedict R|IEC L o ETRELSR
TEHONRHEIE, ZOX 5 FEVRALE.

REBOKEIL, AL 7+ ¥ ) FAEAACTHR, B
RIS X - TR L7, 1958 - 604E /T
e s\ T, RETIIREIRERRROMELTHEL, R
TIEAN 7+ H U FABBBROREATE L T, 19604
7 AL, Micisy T Combistix # M T HBEEH%
fricd & SWinofc. IBMEERIGILE | &4 2 5 2 A\ THER
Lic. BETRIIEMEMMRROBSLFA L, &y
Tt% Combistix FREADREIZFE Lic. MEEEIMH L b
Folin-Malmros D% 12X o THIE L. BHEEILH
BE—2 v 7 A7 VBERRVCTARG, BEEARKIGC 7
= V7RG UL, £ oEEC T oMz
LENH o1 (RE, ™ BE?) . IEHTERLEET80-110
mg/100ml, JEEFT 80~120mg/100ml & @ bz, %hic
bbb, HERFOBKICHE CBIESEAER L. B



criteria were applied for the diagnosis of diabetes
mellitus. Exchange of protein—free filtrates and testing
of unknown samples from Yamaguchi Medical College
(Dr. Shibata) and the 406th Medical General Laboratory
at Camp Zama, Japan, have shown differences between

Hiroshima and Nagasaki to be approximately 5%

Criteria for the Diagnosis of Diabetes Patients
found to have glycosuria during their regular clinic visit
were advised to have an oral glucose tolerance test.
After an overnight fast 1.75 g of glucose per kg of
body weight was given and diabetes mellitus diagnosed
if the two-hour blood sample contained 140 mg/100 ml
or more glucose. If an oral glucose tolerance test could
not be obtained, a postprandial blood sugar determination
was requested. For this test the subject was advised
to have two to three bowls of rice. A blood sample
was taken two hours later. The same two-hour level
of blood sugar as for the glucose tolerance test was
required for a positive diagnosis. If neither test could
be done, a fasting blood sugar of 125 mg/100 ml "was
accepted. If even this blood test was not obtained, 3+
to 4+ sugar in the urine was considered as diabetes

mellitus.

RESULTS

Diagnoses The diagnoses for thyroid diseases (ICD
250-254), tuberculosis (ICD 001-019), and heart and
cerebrovascular disease (ICD 410-434, 330-334,352) were
tabulated for diabetics and nondiabetics in Hiroshima.
There were too few diabetics in Nagasaki to make
comparisons. The only statistically significant difference
was in the frequency of diagnosis of heart and
cerebrovascular disease. These diagnoses were more
common in diabetic females of all ages. Although the
individual comparisons for the two age groupings below
and above age 50 were not statistically significant, the
test for all females was significant (P .02-.01).

Prevalence The prevalence of diabetes and glycosuria
(including trace tests) are shown according to age,
sex, and city in Table 2 and Figure 1. A number of
features of the data are of interest':

The well known increase in diabetes and glycosuria

with age was clearly demonstrated in Hiroshima males

BEHPW AR L TRERT 70 b, H5WIRIUHERA
ZCHRED 5 X OPERI DK 406 {R A EF IR B
KEMOFR OB AT - R, NS L BRI E 0185
%THDH LB BRI

FRBOBIEE EHREOoCRAER I T
B amRBkeZd o L ool MR Lbiic
% 1kgicoX 7 VoL 758 #8051, 2REMROmE
Az 140mg/100ml, Ll EDF Foingihtua s,
BERROBM A T Lz, EONBARRBE2 R TE L
AL AR OME LT -7, ZOBRE THRIAR
Bl 2-3 4R 5, 2 BT B AR L. AED
WL A R O8RS L F IR 2 BRI A B
Hutc, WFhoBBLERTEX Ieoh - 0B, IR
PE(ES 125mg/100ml THHELRERFE Lic. ZORE
2 bEBTE R B AE, Rty LitoiErER
hiig, HERFEVH D EFLI.

B

BET REIC S HEERE B E S L OIEERREIC 2V TH
(REREE (1CD250-254), #% (ICD001-019) ¥ LTt
i « BMGTEER (1CD410-434, 330-334, 352) D2HF4 H#
FFLic. EMfc kW TiIRBBE P EfeDT, 20
WS E T fh o fo. WME—DFRHE RS DK « MR
BB OB A bhi, ThboBENTEFERE Ok
WRFEHC LV E{ Abhiz. S0 TFE T ED2 D
DERREO BN I AR Tled s fot, e Rico
WTORBEITEETH 7. (P .02-.01).
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TABLE 2 PERCENT WITH DIABETES AND GLYCOSURIA

% 2 BREODHDELIEBRFEEROS 2 BEOEHSE

1958-604F B 1960-624F AN
Sex Age ) Nondiabetic g Nondiabetic Ratio
e 4Ef Number Dlabsetf;‘_s Glycq_f;uya Number Dl_abetgs _ G!}LCOSUI‘J?_I r Lo
x WER B SRR # BEIR R JEREIURMESER A/A+B
IR A B
Hiroshima [5 [
Male <20 248 — 3.2 123 0.8 2.4 o
2 20-29 527 0.8 4.9 333 0.6 3.0 ¥
30-39 729 L2 6.3 711 3.0 6.1 32.8
40-49 619 4.5 8.7 509 5.3 9.6 35:5
50-59 815 8.7 10.9 684 9.4 11.8 44.1
60-69 650 8.5 13.1 624 12.3 14.3 46.4
70+ 221 9.5 13.6 223 11.2 13.0 46.3
Total &t 3809 = o 3207 — = 41.7
Female <20 307 0.3 3.3 168 —— = ==t
E 20-29 849 0.9 4.5 540 0.2 1.3 12.5
30-39 1729 0.9 3.7 1597 0.8 1.7 32.5
40-49 1202 1.5 3.4 1096 0.8 1.6 33.3
50-59 1417 3.2 4.5 1254 2.6 2.7 49.3
60-69 759 2.6 5.1 853 2.9 3.5 45.5
70+ 204 3.1 4.4 286 4.6 6.6 40.6
Total & 6577 = = 5794 — — 41.0
Nagasaki £ #r
Male <20 155 — — 61 — —
A 2020 400 = 2.0 190 — 0.5
30-39 412 - 2.4 323 1.9 4.0
40-49 349 1.4 6.0 212 2.4 3.3
50-59 368 1.1 5.4 235 21 5.5
60-69 206 3.9 7.8 175 3.4 4.6
70+ 28 3.6 10.7 34 2.9 2.9
Total 3 1918 = = 1230 o — 39.7
Female <20 155 0.7 3.9 62 — 3.2
20-29 536 = 1.9 274 o 0.7
30-39 1025 0.3 1.2 777 0.3 —
40-49 388 0.8 1.3 295 1.7 1.4
50-59 325 1.9 1.9 234 0.4 1.3
60-69 153 1.3 2.0 135 2.2 2.2
70+ 50 = 4.0 48 — 4.2
Total &t 2632 = e 1825 = == 38.8




and was probably present in Hiroshima females. In
Nagasaki, however, neither sex showed a clear

pattern;

In Hiroshima, more males than females had diabetes
and glycosuria. A similar difference was seen in
Nagasaki but it was not statistically significant;

Diabetes and glycosuria were considerably more
common for both sexes in Hiroshima than in Nagasaki;

The rates for diabetes and glycosuria have increased
in almost all age groups between the two examinations
for Hiroshima males. In other groups the rates for
diabetes did not increase and the prevalence of
glycosuria decreased, as would be expected on the basis
of the change in method for testing urine sugar
(Benedict's reagent as a screening test is less specific
for glucose than Combistix).

The differences between the cities and between males
and females are remarkable. Careful inquiry into the
methods used in both cities proved them to be compa-
rable. Support for the comparability of data from the
two cities is derived from the ratio of diagnoses of
diabetes to persons with glycosuria (Table 2). In males
and females of Hiroshima, diabetes was diagnosed more
commonly in older persons with glycosuria. In Nagasaki
there were not sufficient cases to analyze the data by
age, but the overall ratio was similar in males and
females and both ratios were similar to those of
Hiroshima.

Tabulation of the diagnostic procedures applied to
those persons with glycosuria with and without a
diagnosis of diabetes is shown in Table 3. Differences
were evident between cities but not to any great
extent between sexes within cities. In Nagasaki, glucose
tolerance tests were performed more often than in
Hiroshima. Therefore, if anything, it mght be antici-
pated that rates in Nagasaki would be overestimated
as compared with Hiroshima.

To summarize, diabetes and glycosuria were more
common in Hiroshima than in Nagasaki and in both
cities males were more often affected than females.

These differences appear to be real and not attributable
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FIGURE 1 PREVALENCE OF DIABETES 1960-62
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TABLE 3 FREQUENCY OF DIAGNOSTIC PROCEDURES, 1960-62
# 3 BEBREEROME, 1960-62F

VDIV

0! !
<20 20-29 30-3940-49 50-5960-69 70+ <20 20-29 30-39 40-49 50-5960-69 70+

Category . s
. M%Ie % Fe;@le % M%}e % Fep;cale %
Diabetes ¥& FR §5
e rnatasiet © VNSO Tes ain o R 9 75.0
AL R R T R T
Pemebmdomr g opa w owms - - 2 s
e 40 184 22 20.0 B B e e
Total 2t 217 100.1 110  100.0 23 100.1 12 99.8
Nondiabetic Glycosuria IFBERR LR
%%f"s;tt°lera““__tf_s_t________‘_______ 154 50.6 48  35.5 2 65.9 9  56.3
A % 85 M 103 2 46 1 63
S ea sy 61 2.0 37 27.4 7 15.9 2. 125
%‘%ﬁ‘%f’g’ﬁ%mjﬁ)zﬂ 63 20.7 36 26.7 6 13.6 4 25.0
Total &t 304  99.8 135 99.9 4  100.0 16 100.1




to methodology. Also, the age-specific rates for
glycosuria and diabetes have risen in Hiroshima males

between the first and second cycle examinations.

Incidence New cases of glycosuria and diabetes detected
in the second examination provided data for the
calculation of two-year incidences (Table 4). In
Hiroshima males the age-specific rates increased between
examinations and the high incidence figures reflect
this. The incidences in other groups were derived from

persons with constant rates for diabetes.

Radiation Exposure The prevalence and incidence of
diabetes and glycosuria were examined from the stand-
point of radiation exposure according to conventional
comparison groupings and with particular emphasis on
persons located within 1400m from the hypocenter. No
effect of previous exposure to ionizing radiation could
be detected. All other analyses were therefore conducted

without regard to prior exposure to radiation.

Family History A family history of diabetes was
obtained from about 5% of persons in Hircshima and
from 2.0%-2.5% of persons in Nagasaki, thus reflecting

the different rates of disease in the two communities -

(Table 5). The percentage of positive family histories
from males and females did not differ.

In Hiroshima, diabetes occurred more often in persons
with a positive family history. In males a positive
family history was associated with a twofold increase
in diabetes rates, whereas in females the increase was
four fold. These differences between sexes are statisti-
cally significant.

In Nagasaki, on the other hand, the rates for diabetes
in persons with a positive family history were not
significantly different from those with negative his—
tories. The number of cases was small, however, so that
the lack of effect of a family history in Nagasaki

cannot be established in this size sample.

Height-weight Ratio Table 6 shows the prevalence of
diabetes by height-weight ratio. The increased rates for
diabetes in persons above normal weight for their
height was evident in both cities and sexes. Since only
a small change in weight with age occurs among

Japanese adults, the total values can be compared

SiIcBbhs, ok, Hﬂﬁ;ﬁmﬁﬁmﬁwﬂﬁﬁﬁﬁﬁ
1R G 2 8 2 IR Es L Ol T, KO ST 1
L

ERE B2RUZHCRCTHDCER SRR X
ORI G T 2 D SRR AR L (F4). A
B ORET I\ Tk 2 [ O 288 0 THERBI OAT IR N
LTVt ChidBVRHERE - TRbRTWS, 20
ROFFC BT 5 BRI, BREOEREI —EL T\ 2%H
COWTHFEEN LD THD,

TAHREEE  BER R L OEIR AR & SR B O R
Hs B> HBCREBINC B~ 2%, L B L400MIRIHIZ L o
VST R A B TR L, DU SRS I g 4521
foinh DRBILEMTE ot LichioT, £ OMoff
FHE TR BRI Licw TfTie o 7z,

FIEE HERBOKBEEL, KB TIEZBRHEDE %, BT
VEEREEFE D 2.0%-2.5% \wileh Bhutoat, S RTINS it
LEFROER IR LTA (#5). HRFOKKEOH
SETIL B AL o

BBIZ B\ TR R RO 5 25 R R L D #
oAU T, Bl TR RREICEIR A OH 5 BB D
BERFTERRELE S ThWED 2{ETH - fodicd L, ik
CRVCTILEOERFLAFLEN -2, Fafo Z ot
A BERTH 5.

fla s, TERHCRTIRRER DS 2T BT 2 HIRFDH
ARE, KEEOLVGHEOTh L OMICITEEREL L -
fo. L, EFAESDED o foOT, BRSSO TRERE
DB EIL DRI E DYV FATIEMETE

SE BBk T6ICIHIRFEOEREELY I E - AE LI
MLtz HROLVICEENLERI ETHLETE TR

EEFRRORNMAH S Z i, Wil UELTsuTHA

PTH otz BEROBACZE G TIERIC X 5 FEOEML
HIPTHHOT, FRMELTbEVT, 2fDH R




without age adjustment. Such a comparison showed
the greatest effect of weight was in the heavy categories
with only a slight advantage in the light groups. It is
noteworthy that in both cities heavy persons constituted
a higher percentage of female than male diabetics.
Reference to the nondiabetic populations, however,
revealed the same relative excess of heavy females.
For both sexes, heavy persons constitute about twice
the percentage of the diabetic as compared to the
nondiabetic populations.

AREEAIETES, 0L 5Tl - foR, FF
L ABBROBBIFRENCL LR, BREER LTI
AHTHDIZT E LR Bhvic, WfICs - THEIRES
FHOPTHEREZEOEHDLESRIL, BiEL b Lokt
Einofo CEERICETS. Lo, R EER AR
E2A, TECECTRREROE T LN ZV L/
wbhie, EEEHEOLDLESRLIFEREIRFET & L L
T, Bird LInRFBEAC ST 2{ETHS.

TABLE 4 TWO-YEAR INCIDENCE OF NONDIABETIC GLYCOSURIA AND
DIABETES IN PERSONS SEEN FOR BOTH EXAMINATIONS

#z 4 2HDOBETEFZLLEICALRNDIFMERFELESR &
BERPED 2 RO T, R
Sex Age Number Glycosuria 2 Diabetes 5
R R % BR %
Hiroshima 5 &
Male <719 123 3 2.4 1 .8
7 20-29 331 8. ~ 2.4 2 6
30-39 702 36 5.1 18 2.5
40-49 489 29 5.9 18 3.7
50-59 653 50 Tl 28 4.3
60-69 591 56 9.5 36 6.1
70+ 210 16 7.6 v 9 4.3
Female <19 168 == = = =
% 20-29 539 6 1.1 - =
30-39 1589 19 1.2 4
40-49 1091 13 1.2 5 =5
50-59 1238 18 15 10 .8
60-69 840 17 2.0 12 1.4
70+ 279 12 4.3 8 2.9
Nagasaki & @&}

Male <19 61 — — s _
7 20-29 190 1 5 — —
30-39 322 12 3:7 6 1.9
40-49 210 5 2.4 4 1.9
50-59 233 11 4.7 4 1.7
60-69 172 5 2.9 4 2o
70+ 34 1 2.9 E— =
Female <19 61 1 1.6 — =
S 20-29 273 1 .4 — —
30-39 777 = = 1 |
40-49 293 2 o 3 1.0
50-59 233 2 .9 1 4
60-69 134 2 1.5 2- 1.5
70+ 47 1 2.1 . Eer




TABLE 5 FAMILY HISTORY OF DIABETES
# 5 BERBEORERE

Positive Negative
Sex Age FIkEER D FERE L
I Ei Number Diabetes % Number Diabetes %
; # % IR iR e # iR R
Hiroshima [ &
M%“’ T%‘l?] 145 20 13.8 3032 196 6.5
<40 46 3 6.5 1119 21 1.9
40+ 99 17 17.2 1933 175 9.1
FE?IE G- 279 20 7.2 5587 90 1.6
<40 100 6 6.0 2289 12 0.5
40+ 179 14 7.8 3298 78 2.4
Nagasaki & &
Male  Total 35 1 2.9 1190 22 1.9
5 Ery
Fe ale T 72 — ol 1742 12 0.7

TABLE 6 PREVALENCE OF DIABETES BY HEIGHT-WEIGHT RATIO
£ 6 Bk (FELCIDBERBOARE

Sex Category Diabetes No Diabetes Total I%a}l;;%s

il B a B IR 5 FFRER IR &t %

Hiroshima [5 &
Male Light g2k 47 866 913 5.2
“ Normal IE# 81 1415 1496 5.4
Heavy ik 77 495 572 13.5
Unknown B 11 210 221 5.0
Female Light &R 20 1579 1599 1.3
% Normal IE® 37 2341 2378 1.6
Heavy &H& 47 1180 1227 3.8
Unknown “~B 6 578 584 1.0
Nagasaki =& F

Male Light 12& 2 288 290 0.7
= Normal IFH; 16 659 675 2.4
Heavy BE 5 193 198 2.5
Unknown 7RB = 61 61 -
Female Light &5 2 479 481 0.4
% Normal EF 4 875 879 0.5
Heavy T 5 335 340 - 1.5
Unknown B 1 117 118 .9
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In summary, diabetes is more frequent in heavy
persons and the increased rates associated with increased
weight are similar for both sexes. Neither the increasing
prevalence of diabetes with age nor the preponderance
of diabetes in males appears attributable to the relation
between height-weight ratio and diabetes since weight
does not change appreciably with age and more females
are heavy as compared with males.

Blood Pressure Figure 2 shows the blood pressures of
diabetics and nondiabetics in Hiroshima. Diabetics had
higher blood pressures and the differences seemed
greater in females. However, since diabetics are heavier
for fixed height than nondiabetics and since a relation
between weight and blood pressure has been demons—
trated by others, the data were recalculated according
to height-weight classification. The results are shown
in Table 7. When height-weight ratio was taken into
consideration, the blood pressures of diabetics remained
higher than the remaining nondiabetic population.
This was most marked in systolic but wvariable in
diastolic values. Most of the wvariability in diastolic
pressures was due fo lower values in persons age 60
or over. This might be due to high mortality rates in
diabetic persons with high diastolic pressure readings.

Cholesterol
made on a portion of the diabetic and nondiabetic

Serum cholesterol determinations were

population during 1960-62. The results are shown in
Table 8. The values for diabetics are higher than for
nondiabetics, but the differences are statistically

significant only for females.

Proteinuria Table § shows the outcome of urine protein
tests. Trace tests were not included. The data have
several interesting features. Proteinuria was much more
common in Hiroshima in both sexes. Examination of
the methods used in the two cities revealed that the
technique in Nagasaki was probably more sensitive
than that used in Hiroshima, thus tending to obscure
the extent of the difference between the cities. This
discrepancy in the rates for proteinuria in the two
cities is the subject of a separate study.!* Proteinuria
was considerably more frequent in diabetics and the
data suggest that diabetic females have higher rates
for proteinuria than diabetic males. In nondiabetics,
proteinuria was more common in males than in females
in both cities.
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ABO blood groups
ABO blood groups in the two cities revealed no

An analysis of the distribution of ABO MEE @ikt d ABO MygHlo 594 T Uiz

& oh, WilifCAEEL e, BRFARRY BT L\

significant differences between them and no difference

_in the prevalence of diabetes between sexes within

DB LT 2R -7

cities.
FIGURE 2 BLOOD PRESSURE IN DIABETICS AND NONDIABETICS, HIROSHIMA
2 HERFEERLIOSRERNEC ST LME, B
m{négs Diabetic £ R 8% Nondiabetic # &8 i # & 3
| Systolic 4 #5HH Vil 2
s | ” I TFemale & 1
- s y )
140F 1 % % ? é -
100 A A A A AlA A A A A
Diastolic 58
% :
80 g 7
70 g %
o 7 7 _ ,
20-29 30-39 40-49 50-59 60-69 70+ 20-29 30-39 40-49 50-59 60-69 70+
Age TR
TABLE 7 BLOOD PRESSURE BY HEIGHT-WEIGHT RATIO, HIROSHIMA
£ 7T HE$ERICIAME, K
Light Normal Heavy
Sex Age 30N £ W
1) Figa Diabetes No diabetes Diabetes No diabetes Diabetes No diabetes
BERR TR B FR AT PR FEEIR TP BEFR S FEPERIR
Systolic M &M=
Male <40 140.0 109.8 115.6 114.2 124.0 118.6
# 40-59 133.8 121.2 135.2 126.4 133.7 132.5
60+ 145.7 137.5 142.0 144.0 155.1 151.6
Female <40 — 107.3 126.8 109.1 127.2 114.9
o 40-59 108.3 121.6 137.1 123.9 153.8 133.8
60+ 146.6 137.2 163.2 143.6 159.7 154.2
Diastolic #EiRIAIE
Male <40 81.7 68.5 72.4 71.6 81.8 76.7
2 40-49 82.6 76.9 87.0 79.9 86.6 86.4
60+ 81.4 79.4 81.7 83.2 85.7 88.3
Female <40 = 67.3 77.8 68.8 79.8 73.6
ES 40-59 69.3 75.1 82.9 77.5 89.6 83.2
60+ 79.1 79.4 83.6 82.2 86.0 87.2
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TABLE 8§ CHOLESTEROL

£z 8 avraFe—
Diabetes No diabetes
Sex Age B IR 375 . SR 7 bl Test
] s Number Mean Number Mean
- S fiE # SISl
Hiroshima J[& [
Male <40 12 171.4 456 152.0 =
% 40+ 69 169.4 533 162.2 -
Female <40 7 245.6 765 153.0 P =<5
0 40+ 32 206.8 867 178.9 P =< .001
Nagasaki & K&
Ma}e <40 5 150.6 235 145.5 =
% 404+ 13 175.1 389 155.4 o
Female <40 1 192.0 542 149.3 P = <.001
: 40+ 7 173.0 404 166.2 —
TABLE 9 PROTEINURIA
® 9 H B R
Diabetes - No diabetes
Sex B 1 R Test
14: 5] Number Positive Rate Number Positive Rate eyl
B HinHR # e HiRE
Hiroshima [ &
Mé}e 215 33 15.3 2952 181 6.1 P=.0
Fez_a’e 110 2 23.6 5595 310 5.5 P — .01
Nagasaki & [
hﬂaje 23 1 = 1197 34 2.8 =
F e‘;ale 11 1 = 1802 41 2.3 -
DISCUSSION = s

The data in the present report were derived from a
broad health survey of similarly systematically selected
population samples in Hiroshima and Nagasaki. Tests
for urine sugar were conducted in the same way in the
two cities and criteria for the diagnosis of diabetes were
uniform. Data were available from two consecutive
examinations of the sample populations. Diabetes and
glycosuria were more common in Hiroshima than in

Nagasaki in both sexes. The differences were sizable
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and not explicable by methodology. Explanations for

these differences have been considered in detail
elsewhere.® Possible environmental and socioeconomic
differences between the populations in the two cities
It is

believed that genetic strongholds fostered by geographic

were not considered sufficient explanations.

stability of the populations are more likely to account
for the different rates between the two cities.

The present study was designed to tabulate certain
features of diabetes mellitus and to make comparisons
between cities. The city comparisons were hampered
by the paucity of diabetes in Nagasaki. Two features,
however, warrant further investigation. There may
not be a greater risk of diabetes in persons with a
positive family history for diabetes in Nagasaki. This
is in contrast to the Hiroshima data and data from
Western studies. The number of subjects was too small,
to establish this fact.

however, Confirmation would

require studies of a larger population.

Another remarkable difference between the citjes is
in the prevalence of proteinuria. It had been noted
that

previously proteinuria was more frequent in

Hiroshima than in Nagasaki. This subject will be
considered in detail in a subsequent analysis.’® Diabetes
was also more common in Hiroshima, and the present
analysis demonstrated a higher rate of proteinuria in
diabetic subjects. This increased rate in diabetics was
not sufficient, however, to explain the difference be-

tween cities; in nondiabetics the discrepancy persisted.

In Hiroshima and Nagasaki, diabetes and glycosuria
The

differences were great in Hiroshima and slight in

were more common in males than in females.

Nagasaki. The possible explanations for the difference
between the sexes and comparisons with other studies
have been considered in detail elsewhere.® The reason
suggested was that males have a greater predisposition
to diabetes which was obscured in countries where
females gained a great deal of weight during adult
years. This thesis is further supported by the recent
observation that 70% of diabetics in India are male,
whereas in Natal 64% of Indian diabetics are female.
be a measure of the
in Natal.” He

is common in Natalian

Campbell™ believes **this may
emancipation experienced by women
comments also that obesity

Indian women.
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The present analysis detected a number of circum-
stances in which females differ from their nondiabetic
counterparts to a greater extent than males. The
increased prevalence of diabetes in the presence of a
positive family history was greater in females than in
males. The difference in serum cholesterol values
when compared to nondiabetics was greater in females
than males. Proteinuria also showed a greater increase
Blackard
et al,»'® and Rudnick and Anderson® have noted higher

in diabetc females than in diabetic males.

rates of retinopathy in diabetic females, and the latter
authors also mentioned higher rates of symptoms,
neuropathy, and cataracts in diabetic females. In
addition, diagnoses of heart diseases and cerebrovascular
diseases were more common in diabetic females but

not in diabetic males.

Thus, there is evidence that diabetic Japanese females
are subject to higher rates of the disorders associated
with diabetes. This is of particular interest in view
of the greater frequency of diabetes in Japanese males.
No features detected in the present study were more
common in male diabetics. Yano and Ueda described
an increased rate for coronary heart disease in
diabetic males but not in females in this same study
This

evidence for an effect in males greater than in females

population.'® does not, however, constitute
since the number of cases in females was too small

for analysis.

The

Tecumseh, Michigan, is the best source of comparative

epidemiological study being conducted in
information from the West."” In Tecumseh, diabetes is
more common in females than in males, so these data
would help to establish whether the findings associated
with diabetes in Japanese females were dependent on
sex or on prevalence of diabetes. In Tecumseh, coronary
heart disease was more prevalent in diabetics of
either sex, as compared with the total population in
corresponding age and sex groups. Also, diabetes was
correlated with systolic and diastolic blood pressure and
relative weight only in females. Thus, it would appear
that the higher rates of abnormalities associated with
diabetes in Japanese females indicate a phenomenon
which may apply to all females rather than being

limited to females in Japan.
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A summary of the relation of sex hormones to diabetes
in animals has been presented by Houssay.'® In general,
the evidence shows a greater predisposition to diabetes
in males and alleviation of diabetes by the adminis—
tration of female sex hormones. If it is correct that
predisposition to the easily detectable abnormality of
carbohydrate metabolism in diabetes is greater in males,
the finding of higher rates of abnormalities associated
with diabetes in females is remarkable and would
conslitute additional evidence for the independence of
carbohydrate abnormality and associated pathological
lesions in diabetes.” It has recently been suggested that
carbohydrate tolerance is different in males and
females and that excretion of sugar in the urine at a
blood sugar level is also different in the two
to data from the U. S. National

Health Survey, at any blood sugar level, glycosuria is

given
sexes. According
more common in males than in females.?® Conversely,
in persons with glycosuria, if the same criteria for
diabetes were used in both sexes, a diagnosis of diabetes

would be made more often in females than in males. _

In the present study the diagnosis of diabetes in
persons with glycosuria was made with equal frequency
in the sexes suggesting that the situation in Japan
may differ from that in the United States. In addition,
the urine samples in the U. S, National Health Survey were
obtained about one and one half hours after the glucose
drink, and the urine results correlated with the one hour
blood sugar. The results of these particular circum-
the
circumstances of testing in the present study and may

stances of testing may mnot be applicable to
also differ because of variations in diet, patterns of

obesity, and perhaps racial characteristics. Further
study of this important subject is in progress using
methods that would permit direct comparison of datla
with those obtained in the United States. The prevalence
of glycosuria and diabetes in Hiroshima males increased
at the second examination. It is possible that interest
in the disease was stimulated in Hireoshima by the
‘studies of Rudnick and Anderson,® thus resulting in an
increasing awareness of the disease. This suggestion
can probably be discarded since a similar change was

not seen in Hiroshima females.

Another explanation is that the males now reaching

the age of increasing rates of diabetes were for some
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health reason not in the army during World War II
and one expression of this is a higher prevalence of
adult-onset of diabetes. Although this factor has been
considered in ABCC studies in the past, there is no
evidence on the subject. In addition, if this were so,
the same phenomenon should be detected in Nagasaki
males, but it is not. Also, the increased rates in all

age groups makes this an unlikely explanation.

A final possibility is that the prevalence of diabetes
is increasing among Hiroshima males. Japan has been
undergoing far-reaching sociceconomic changes since
the war and factors such as westernization of foods
might have an impact on Hiroshima before Nagasaki
and on males before females. There are no other data
bearing on this problem at the present time, but this

represents an important area of future investigation.

SUMMARY

Data have been presented on the finding of glyosuria
and the diagnosis of diabetes mellitus during four
years of a long—term study of the health of population
samples of Hiroshima and Nagasaki. Diabetes and
glycosuria are much more common in Hiroshima than
in Nagasaki and in both cities hese findings are more
frequent in males than in females. The prevalence of
diabetes appears to be increasing in Hiroshima males.
Findings in diabetics were compared with nondiabetics.
In general, Japanese diabetics are similar to diabetics
in other countries concerning their increased risk of
obesity, hypertension, proteinuria, hypercholesterolemia,
and cardiovascular and cerebrovascular diagnoses. This
is of particular interest in the light of evidence that
ketosis and severe abnormalities of carbohydrate metab-
olism are rare in Japan as compared to Western
countries.

Despite a lower prevalence of diabetes in Japanese
females than in males, the abnormalities associated
with diabetes appear to occur more commonly in female

diabetics than in male diabetics.

Approved # iR 16 July 1964

17

BT L Cuwishi i DD E20BRRE LT, AN
i THERPIA TSR L TRRRIZL DB oo 2 &
Zbha, ZoFEFLAELOABCCOERABTICETERI
b O THDY, THCHT L. s, £5T
HotoloblE, Moy RGO BFZEREIh-TthA
A%, EBEILES Tkl £0L, FERTHCEL TER
FHHEMLT 578, CORWTYAETHRLESIE
bhsb.

BRCHE L BhD Lk, MRFEERRILLSLD Bk
WTHIIMLTWAE WS 2 ETHAHS. BEREH 2 KIEREK
WELE, EHFOHAREFENELAZT TETL2D0T, &
WHOFERALLE O L5 BRI, BB Y SIERI, o
DLBHEICS X IC TR TR E A S TV B S b e
Liviel. BfETIE, coEcEsBHLE » iz
M, THESBEOABEDOEE LS TH L.

E O#H

BB L CRBOBEAN SV T 0 4 EMICH bR
S ST A BR ORT RS X ORI B 2 B
B Ui, RS JOBERIZER L D LIEEC S TIES
MCEAbh, MATe b Ih HORTRIELM X b & B
AR ONA . BERRMNOBFHRERILIRE O BT BT
L5 X518 bhs. MREBECSTAIMEA IR
RHLEE Lic. LT, BROERBEZC BT I00,
e, AR, #=vA7y Vi, OEIERE DS
B LURIEREOZFOMBOR NG, HEARC KT 55
RBBECEU LTS, ZOMHE, ¥ b—2AkIUHE
DIRIALH R FERGEE & BT 5 E HRCk T
FThThoEwiTECHS LTI, Hoilkod s

DTHD.

B AR TIREEIRAF RS BE L 0 b Bz it
BT, WERBIC - TLOND BRI BEERBEEELE LD b
THRRREECSETE L clbhs,



10.

11.

12.

13.

14.

15,

16.

REFERENCES
g &2 X R

HOLLINGSWORTH JW, BEEBE GW, et al: Medical findings and methodology of studies by the Atomic Bomb
Casualty Commission on atomic bomb survivors in Hiroshima and Nagasaki. InThe Use of Vital and Health
Statistics for Genetic and Radiation Studies, Proceedings of the UN-WHO Seminar, Geneva, September 1960.
New York, United Nations, 1962. pp 77-100

(B LU BT BT 5 ABCC o5 i 0 BT A & iR

RUDNICK PA, ANDERSON PS, Jr: Diabetes mellitus in Hiroshima, Japan: A detection program and clinical
survey. Diabetes 11 :533-42, 1962

(RE Iz 351 BRI, e H & B ke

BLACKARD WG, OMORI Y, FREEDMAN LR: Epidemiology of diabetes mellitus in Japan. J Chron Dis 18:
415-27, 1965

CAZRIT dstT 2 FER A DREF)

BEEBE GW, FUJISAWA H, YAMASAKI M: Adult Health Study. Reference papers. A. Selection of the sample.
B. Characteristics of the sample. ABCC TR 10-60

(FE NGEREETE. fTEEEd, A, BEEOER B. ERoliiE)

ANDERSON PS, Jr.: Attrition in the Hiroshima Adult Health Study: First cycle analysis. Yale J Biol Med
36 : 75-90, 1963

(RE OB AR IT 2Z2E. 1 2ERHOmD

FREEDMAN LR, FUKUSHIMA K, SEIGEL D: ABCC-JNIH Adult Health Study, Report 4, 1960-62 cycle of
examinations, Hiroshima and Nagasaki. ABCC TR 20-63

(ABCC - TI ABERERRAS. 45 43R, 1960-62F 222/l JEE « BI)

SEIGEL D: ABCC-JNIH Adult Health Study Hiroshima and Nagasaki, 1958-60. Height-weight tables. ABCC
TR 19-62

(ABCC — THFRLABETRE. NG « B, 1958-604%. &R« AFR)
ABELL LL, LEVY BB, et al: A simplified method for the estimation of total cholesterol in serum and demon-—
stration of its specificity. ] Biol Chem 195 : 357-66, 1952

(M= v A5 v — A ERE LU ORI OFEIN O 20 ol 5 Bk ih)

FOLIN O, MALMROS H: An improved form of Folin's micro method for blood sugar determinations. J Biol Chem
83 :115-20, 1929

(Folin oI5 aikinari)
KOLMER JA, BOERNER F: Approved Laboratory Technic. 4th Ed, New York, Appleton-Century, 1945. p 812
PETERS JP, VAN SLYKE DD: Quantitative Clinical Chemistry: Methods. Baltimore, Williams & Wilkins, 1932.
Vol 2, p 462

(BRRALEE R
FISTER HJ: Manual of Standardized Procedures for Spectrophotometric Chemistry. New York, Standard
Scientific Supply, 1950

(R 43 ST TE B R Rtk )

FREEDMAN LR, SEKI M, et al: Unpublished data

CRrEEEERD
CAMPBELL GD: Diabetes in Asians and Africans in and around Durban. S Afr Med J 37 : 1195-208, 1963
(Durban (D7 27 AR LUT 7 Y A AR 28R

WADA S, TODA S, et al: The clinical features of diabetes mellitus in Japan as observed in a hospital
outpatient clinic. Diabetes 13 : 485-91, 1964

(Fosbe st ogs Uiz B ABEIR I B ORI E a2 0)
YANO K, UEDA S: Coronary heart disease in Hiroshima, Japan: Analysis of the data at the initial examination,
1958-60. Yale J Biol Med 35: 504-22, 1963

(B 3t 2 el B IR LR . B2 REAT L O R HT)

18



17.

18.

19.

20.

EPSTEIN FH: Personal communication

CRL(B)

HOUSSAY BA: Other hormones. Diabetes. Ed by RH Williams, New York, Hoeber, 1960. pp 233-56
(Fofhotrre )

FREEDMAN LR: Inapparent diabetes mellitus as a cause of renal insufficiency due to Kimmelstiel-Wilson
lesion. Bull Hopkins Hosp 100 : 132-8, 1957

(Kimmelstiel-Wilson #/812 & 2 Bt T2 0B N L LT oIEEI s R )

GORDON T: Glucose tolerance in adults, United States 1960-1962. Vital and Health Statistics, data from the
U. S. National Health Survey. National Center for Health Statistics, Series 11, No. 2, Department of Health,
Education and Welfare

(AT 30 % BT 28D

19



