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SUMMARY

An analysis of noninsulin-dependent diabetes melli-
tus, glycosuria, and proteinuria in a Japanese cohort,
which has been followed for 20 years, is presented.
For the last 14 years of follow-up in Hiroshima,
the sex-specific incidence rates of diabetes were ap-
proximately constant at 1.2-1.4 cases/100 per 2-year
interval for males (p>.50) and at 0.5-0.6 cases/100
per 2-year interval for females (p>.20). The di-
agnosis of diabetes depended on first screening for
glycosuria and then administering an oral glucose
tolerance test only to those with glycosuria. The
relatively greater prevalence of glycosuria and dia-
betes among males has also been noted by others
using similar methods. It has been reported else-
where that if the glucose tolerance test were used
to screen for diabetes, the sex difference may not
be apparent. The prevalence of diabetes increased
over the course of study (p<.001), and the increase
was attributed to aging of the cohort. The size of
the undiagnosed diabetic population was estimated
and the observed prevalence rate was determined to
be about 75% of the actual prevalence rate at the
end of 8 years of follow-up and to be about 89% of
the actual prevalence rate at the end of 20 years of
follow-up. Proteinuria prevalence was 4.3% in non-
diabetics, 23.5% in Hiroshima diabetics, and 18.7%
in Nagasaki diabetics. The differences in preva-
lence rates between nondiabetics and diabetics were
highly significant (p<.001).
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INTRODUCTION

The etiologic factors associated with diabetes mel-
litus have fascinated medical practitioners since the
early days of human history. Perhaps as much as
any disease known to man, the morbidity rates of di-
abetes mellitus and its complications differ by pop-
ulation. There are numerous examples of vastly
differing population prevalence rates and contradic-
tory male to female sex ratios.t

Surprisingly, even though diabetes is intensely stud-
ied in Japan, there have been few long-term follow-
up studies of diabetes prevalence in large Japanese
populations. The present report gives the results of
such a study.

The subset of the Japanese atomic bomb survivors,
who comprise the Adult Health Study (AHS) co-
hort, provides an excellent population in which to
study the epidemiology of noninsulin-dependent di-
abetes mellitus (NIDDM). The size of the original
cohort was approximately 20,000 and the members
of the cohort were offered a general medical exam-
ination every two years. Therefore, it is possible to
investigate the incidence and prevalence rates of di-
abetes in this group. Rudnick and Anderson,? and
Freedman et al® studied this cohort and described
a predominance of male diabetics and large differ-
ences between Hiroshima and Nagasaki in diabetes
morbidity rates. The last report which gave morbid-
ity rates for diabetes in the AHS was that of Belsky

et al.* Reported here are the data on diabetes for
the period 1958-78.

MATERIALS AND METHODS

The Population. The AHS is a cohort study
designed to investigate the long-term health status
of a subgroup of the Japanese A-bomb survivors and
a suitably chosen control group. The approximately
20,000 individuals in the AHS cohort were selected
according to information supplied in the 1950
Japanese National Census Supplementary Schedules
and for each A-bomb survivor exposed in Hiroshima
or Nagasaki at the time of the bomb. The cohort
was originally comprised of four groups of equal
size: inner proximally exposed (less than 2,000 m
from the hypocenter) with major radiation symp-
toms, inner proximally exposed without symptoms,
distally exposed (3,000-3,999 m), and nonexposed
controls. The details of the selection process and
an analysis of some sociological characteristics of
the cohort have been given elsewhere.®
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The AHS subjects have been offered general medi-
cal examinations on a biennial basis since the
study began in 1958. The cohort is thought to
be fairly representative of the general populations
of Hiroshima and Nagasaki in 1950, except for the
possible effects due to radiation exposure. Previous
analyses of diabetes?~% and recent mortality
studies® 7 have failed to reveal any relationship be-
tween diabetes and radiation exposure. Thus, if
there are no effects of radiation on diabetes then it
is possible to estimate 2-year diabetes incidence and
prevalence rates in this cohort and to examine how
these rates change in time.

Diabetes Prescreening Procedure. A routine
urinalysis, including tests for glycosuria and pro-
teinuria, comprises part of the standard biennial
examination. If trace or greater glycosuria was
found in a subject who had not been previously
diagnosed as diabetic, the subject usually was
advised to return for a blood glucose test. In this
manner, routine urinalysis served as the principal
diabetes prescreening procedure. A drawback of
this procedure 1s that diabetics are not always
glycosuric.  Hence, in each examination cycle
undiagnosed diabetics who were not glycosuric at
the time of examination generally did not receive a
blood glucose test. However, any individual who
requested a blood glucose test, whether he or she

had been diagnosed as diabetic or not, was offered
such a test.

Measurements. Height was measured without
shoes and weight was measured with the subject
wearing only a dressing gown, and the weight
of the gown was subtracted. Ideal body weight
(IBW) was expressed as a percentage based upon
the Japanese height-weight tables of Minowa et al.®
Obesity was defined as a body weight in excess
of 115% IBW and nonobesity was defined as a
body weight less than 115% IBW. Classification
of an individual with an IBW of exactly 115% was
determined from the trend (upward or downward)
observed in IBW readings from previous and sub-
sequent examinations. Family histories of diabetes,
including information on relatives beyond first de-
gree, were obtained from questionnaires completed
during cycle 3 (1962-64) and cycle 4 (1964-66)
examinations. An indicated family history on either
questionnaire was deemed sufficient for classifying
a family history as positive.
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Laboratory Measurements. Urinalyses were per-
formed without consideration of the length of time
from a subject’s previous meal, a period which was
assumed to be 2-3 hours in duration. Until June

1960, Benedict’s reagent was used for determining
glycosuria, and since July 1960 urine was tested
with Combistix. The urine was initially tested for
protein with sulfosalicylic acid and positive results
confirmed by the nitric acid ring test. For cycle
1 (1958-60) examination, nitric acid ring test re-
sults were recorded in Hiroshima, but sulfosalicylic
acid test results were recorded in Nagasaki. Be-
ginning in July 1960, Combistix was used to test
for protein in both cities, and positive results were
confirmed with nitric acid. Combistix results were
recorded in Nagasaki and nitric acid ring test re-
sults were recorded in Hiroshima. Beginning on
23 October 1970 in Hiroshima and 12 November
1970 in Nagasaki, a commercial preparation called
Trelan G was used for all oral glucose tolerance
tests (OGTT). Prior to these dates, on the morning
of each administered OGTT a loading solution was
prepared in the laboratory.® All blood glucose tests
were reviewed by the authors and all known post-
prandial tests were removed from consideration for
this study.

Diagnosis of Diabetes. A diagnosis of diabetes was
made using the criteria recommended by the Na-
tional Diabetes Data Group (NDDG),'? including
the requirement of two positive blood glucose tests
(the “first time’ positive test and the ‘confirmatory’
positive test, respectively). A first-time blood
glucose test was considered positive if a fasting
blood sugar (FBS) test was at least 140 mg/100 ml or
if the 1-hour value of a 50 g OGTT was in excess of
200mg/100ml and the 2-hour value was in excess
of 180mg/100ml. For most OGTT the fasting,
1-hour, and 2-hour values were recorded. The
medical records of each individual who died within
one year of a first-time positive blood glucose test
were examined for disorders which might have
been responsible for the observed glucose intoler-
ance. If such conditions existed, the individual
was not deemed diabetic.  Also, any individ-
ual with a known condition which might have
caused a glucose intolerance was not considered
diabetic. There were no known instances of either
gestational diabetes or insulin-dependent diabetes

mellitus (IDDM).

An attempt was made to confirm all first-time pos-
itive subjects with a slightly less stringent criterion

BRRRRE. HZFHF/RBRILE-ALATH L OERH &
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EBbN3. 1960F6 HETIEINAT 1 7 FREZHWL
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than that given above. A fasting blood glucose of
at least 135mg/100ml or both the 1-hour and 2-
hour OGTT values in excess of 180 mg/100 ml was
considered sufficient for confirmation of a diagno-
sis of diabetes. Also, 17 cases in Hiroshima and 4
cases in Nagasaki were confirmed using test results
obtained prior to the diagnosis cycle. Both of these
criteria are more strict than those used in Japan'!
during the course of this study and are more strict
than those used in prior studies?~% of this cohort.
The medical records of subjects without confirma-
tory test results were examined for clinical confir-
mation or contradiction of a diagnosis. The indi-
viduals with neither confirmatory nor contradictory
evidence were taken as diabetic. In Nagasaki, 104
cases were reviewed, of which 85 had a clinical his-
tory of diabetes and 19 had contradictory evidence.
In Hiroshima, 244 cases were reviewed, of which
146* were estimated to have a clinical history of
diabetes, 84* were estimated to have contradictory
evidence, and 14* were estimated to have neither.

In summary, the "confirmed diabetics" were all pa-
tients with at least one of the following:

a) at least two positive blood glucose tests, with-
out a known (nondiabetic) condition which
might account for the positive tests; or

b) one positive blood glucose test and a clinical
history of diabetes; or

c) one positive blood glucose test and lack of
clinical contradictory evidence of the diagnosis
(approximately 14 cases in Hiroshima).

Data Analysis. Contingency table analysis, using
the appropriate chi-square tests as recommended
by Fleiss,!? was the principal method of anal-
ysis. All analyses were performed using only
"confirmed diabetics” as diabetics. Relative risks
were estimated by the corresponding odds ratios.
The associated standard deviations were obtained
as the products of the odds ratios and the square
roots of the sums of the reciprocal cell counts.
Relative risks were compared across groups using a
Gaussian approximation. In the logistic regression
analysis, four age categories and four total dose
categories were used. Only in this analysis were the
individuals required to have an estimated total dose.
Average ages were computed over individuals who
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received an examination during that cycle. In
this manner, censoring was accounted for. The
across-group analyses of glycosuria and proteinuria
rates were performed using the Mantel-Haenszel
test assuming biennial urinalyses were independent.
Diabetes incidence rates were computed for each
cycle and city-sex group as the number of new cases
diagnosed 1in the group during the cycle divided by
the number of nonpreviously diagnosed examinees
for that cycle and group. Diabetes prevalence rates
were computed for each cycle and city-sex group
as the number of diabetics examined divided by the
total number of examinees.

Since the inital screening test for diabetes was a
routine test for glycosuria, and diabetics were not al-
ways glycosuric, the observed incidence and preva-
lence rates underestimated the actual morbidity rates.
Readers who are familiar with Venn Diagrams may
wish to review Figure 1, as it graphically demon-
strates this underestimation problem. In all exam-
ination cycles most glycosurics who had not been
previously diagnosed as diabetic were offered and
received blood glucose tests. Thus, for each cy-
cle, the largest group of undiagnosed diabetics were
probably those who were not glycosuric at the time
of their examination.

L. 2Ok H2ELT, Yy HFHEATE S,
2EZTEDRBEI MILA-LDOTHBEEREL T,
Mantel-Haenszel 2 HWTHIRERUVFEBRE D
HEBETZ2IT-o4. E2EFABRUHET-H#FHLC
FITABRBEERL ZORBFRIZZOEHEANT
-l s N R x 2 ORI R O8N O LLA]
ICHERBOZH AT ER TWEWHERERTE - T

HH LA /-, B2EBHMEUCEHT-EEICEITS
WRIEEREIL, BERFEBREHZEHERBEHNT
> THHEL .

BVIOERBEA ) — = v FBREILEE OB RBRZE
ThHh, T/, BIRFEFEHZBIILTLLHEERIEDSA
b TREZVWDT, BERERERUVAREIER
DERELN B/ FFM & 7.
fidds3EIE ZOBPFHEOMERXRL
X1 OBFEZ2HLTI 3L L. WThDORE
BRI EWTE, MEEZRLACE2P2DLSTBEEI
HBRBEEZHIsNAZEDEVWEDKE S A MFERE
AR, LEA-ST, LB E LHRBEZE A
TahTWEWED I bRADETIE, &5 (RER
IR ERE LD ETHAE ).

Venn Diagram |2

FIGURE 1 SCHEMATIC REPRESENTATION OF THE CONCURRENCE OF DIABETES
AND GLYCOSURIA FOR A GIVEN EXAMINATION CYCLE

A 1

—EDZERMICE T 3BRAEUBROBREIZET S

|

.

b1

X

7

DIABETES

e\.\\
SO

e
SRS
S
2%
SRS
3’#’*‘#{0‘#‘%
LSS
t:t}:*}:
LXK

GLYCOSURIA

@
o

N\

16%6%6%%%%%
}ﬁﬁﬁﬁﬁﬁﬁﬁﬁh
000070056 %
&
%% % 0 %
0

Diagnosed & treated diabetes,
no glycosuria

Zﬂ Nondiabetic glycosuria

m Diabetes & glycosuria
w Diagnosed & untreated diabetes,
NN

no glycosuria
e Undiagnosed diabetes,
st no glycosuria

Undiagnosed diabetes &
glycosuria (assumed negligible)

AHS




A statistical procedure was designed to adjust the
observed diabetes incidence rate in each cycle and
to overcompensate for the negative bias. It was
hoped that the adjustment procedure would convey
some 1dea of the extent of the negative biases in the
observed incidence and prevalence rates. The ad-
justment procedure was based upon a probabilistic
equality. By the definition of conditional probabil-

ity,
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EHMOBEREHEER2FAEL, AR =
BRE T AL I ICHANFELEEREL 2. AEFE
X, BERERRUBEFREILILFTIEDRHD
fEHIIODVWTOEZ RSP AL IELAEE LA
HEFRIIEEOERFHIIL 2. FEOEHEED
EHIZCELS &,

Prob (diabetes and glycosuria) = Prob (glycosuria/diabetes) - Prob (diabetes)
= Prob (diabetes/glycosuria) - Prob (glycosuria)

Hence, by division

Prob (diabetes) =

Prob (diabetes/glycosuria) - Prob (glycosuria)

L 2T, BRI ¥HF 5 &

Prob (glycosuria/diabetes)

For each cycle, the left-hand side of (1) is inter-
pretable as the actual 2-year incidence rate of dia-
betes. If all glycosurics, without a prior diagnosis
of diabetes, who refused a diabetes test were not
diabetic, the numerator on the right-hand side of
(1) would be estimated by the observed incidence.
It 1s assumed that this 1s the case. Depending upon

the extent to which this assumption is false, the
observed incidence underestimates the numerator.
The denominator is the adjustment to the observed
incidence for the group of undiagnosed, nonglyco-
suric diabetics. If all diabetics were glycosuric,
then (except for refusals) the observed incidence
would equal the actual incidence because Prob (gly-
cosuria/diabetes) would be unity. However, since
diabetics were not always glycosuric, the observed
incidence underestimated the actual incidence by
about the proportion shown in (1).

For each cycle the incidence rates were adjusted us-
ing Hiroshima data on diabetic glycosuria after strat-
ifying by age, sex, and presence or absence of obe-
sity. The Prob (glycosuria/diabetes) values were es-
timated for all strata by using the glycosuria history
of each diagnosed diabetic from their first observed
cycle after diagnosis onward. As an attempt to in-
tentionally underestimate Prob (glycosuria/diabetes)
there was no consideration of whether a diabetic
was under treatment at the time of urinalysis. It
was assumed that within a stratum Prob (glyco-

(1)

BREEES, (1) XOEDIFE 2 F R O R O FEFF
DHREFETHILBERTE 5. BIIHEIRKZH
ZTWi-OiRFERE2EELAPHEIKERL, 20
AN T XTHPEBIRFBE T84, (1)AD
RO TIIBERERIIES>THETEETHS ).
EE, 22V egehstEbhas. ZTORED
RDII AT, BIEREE TS F &6/ G110
LAZ8DIZE B, 78, ZHOTashTwiw
FEMEIROMEIRFEEOBBERERZFABL LD T
HH. RICTRTOHEIRIFEBEZEIHIRTH 2 & Thid,
Prob (¥R /HEIRHB) 121124230 T, (2WiES
AR BMERERIEBRORBERIZEL L 4 5.
LA2L, BRBEAEI DT LR Z2R T TR
ZVOT, BERERIIAE (1) RI2AL2EET
EIFORERZBNFEML 2L DIZ % - /-,

LB ORERIT, HMRERTEERERBESE Y
THAEEDT—% 2RV, i, %Kk FIEME D &
AIZRGIE L 721, SA¥Z2IT- /=, HEIRFEOZE2 T
S N7 FH DOZW R O BE B L O B R BE
RV, 2122\ T Prob (¥E/R/BEIRF) (Ha#EE
L7-. Prob (¥§IR/BERFE) 2 EHIB/NFEME T 3
O, KRERIIBRBE2EREP T2 ES
MIEERLE 72, BATIE, Prob (BEIKR/HIKR)
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suria/diabetes) did not change over time. Since gly-
cosuria is a transient condition and the glycosuria
measurements were taken about two years apart,
they were considered statistically independent.
Therefore, each diabetic yielded estimates, possibly
in more than one stratum, of Prob (glycosuria/
diabetes). The individual estimates were pooled
into overall strata estimates by using the relative
sample sizes as weights. Standard deviations of the
stratum estimates were computed after considering
extrabinomial variation.!®

There is a subtle issue concemning these estimates
of Prob (glycosuria/diabetes) which requires further
comment. They are based upon known diabetics,
but they are intended to reflect the corresponding
probabilities for undiagnosed diabetics. Therefore,
it would appear that they are biased upwards. To
counter this potential bias, the presence or absence
of treatment for diabetes was ignored, as were the
test results for the examination cycle when a dia-
betic had his/her first positive test. It is assumed
that these two biases approximately canceled each
other out. Of course, in the cycle of first positive
test the glycosuria test was positive for almost all
diabetics, since this was the main selection crite-
rion used; it should thus not be used to calculate
Prob (glycosuria/diabetes). However, ignoring this
test result has an additional advantage. It ignores
test results for the period when the diabetics would
most generally be out of control and, thus, be least
representative of the undiagnosed diabetics.

Prevalence estimates were obtained in a manner
similar to that used for the incidence rates. In each
stratum and examination cycle, observed prevalence
was determined as the ratio of the number of di-
abetics examined during the cycle to the sample
size of the stratum for that cycle. The adjusted
prevalence was the sum of the number of exam-
ined diabetics who were diagnosed on a previous
cycle and the number of new cases which corre-
sponded to the adjusted incidence rate divided by
the sample size of the stratum for that cycle. Sup-
pose for a given cycle and stratum, 1,000 subjects
were examined of which 50 had been previously di-
agnosed as diabetic and 10 were diagnosed on the
current cycle. The observed incidence rate would
be 10/950 and the adjusted incidence rate would
be (10/950) x (1/0.5), if Prob (glycosuria/diabetes)
was taken to be 0.5. The observed prevalence rate
would be 60/1,000 and the adjusted prevalence rate
would be [50+(10/0.5)]/1,000.

TEBZEALZVwE DL REE . BRI —BM %
RETHY, FLMRAEEZRI2ZERBTIT-> DT,
B ERIZHN I LAELDEARE LA, LA
T, BHREBREZBEIIAL, BS5<—2LEDREILC
FWT, Prob (#IR/BERAK) OFEEELFTF L L.
M 2 EABREENEE L THY, {#4s OHEEE
¥ EROBOHEMMICT— VLA BB_HEHY
A EFRL -3, BHEBEOBESERELZFHEL L.

Prob (¥EFR/HEIRFHE) Oz s OHEEMBEIZIE, FEIC
HEAME LT AMU A MEFHAE. TS5 DOHEE
IR EN OB IRBEFIZIE DV T v B D, ZhIIxE
ZBHOTaR TV VWHERFEEOHER 2 LIk
T3r5BRIEhTVAS. LT, 2Dl
SEOFAR->TWELIHIICRZ S, ZOEENS
WY1+ 340, HMERBAEEFDOIOBEERE
AR AREBRBORESRAER L L0 & E,
HRFOHRBEORELEMRLE. Zhs 20K IE
ITIFFBRLALOERETS. £bBA, BHVIDOEN
MEOZLERBRM T, BEAETXTORKRFEELS
A, BERE CHBEERLL. 21l :mﬁiﬁ_%%
AEIIEBAEIN-RIREETHEELS5THS. LL
BT, £1lE Prob (¥E R /BEIRSE) Ot {EH
+RETHV., LAL, TOMEERIEHALZL
eI —o0fEAFHS. Znitkh, BKKE
BERICLEMICELBESAZVEE, 2% 9,
ZWOTEhTwhEORBEEELZ —FRRLZ WV
MM OMEERELERT I 2LIILE325TH 5.

HERFEERIL, BERIIOVWTHWALDEFELD
FHETRD ., ERRVELEBBE &, BEAH
FEZ2OBWoROERBEIZH T 5, B
MEZzZTL-BEREEHOLEL THIEL
FERHEIZ, MRABICHERE 2 s ngE >
T BRBEERE, ABEERIHA T SMLL
EFOK M2, ZORMOEHTH - =KL
MEITEH -3 L A3RAMEURKIIEVT
1,000)\@#%%1%:5*‘#%@"‘3311, 50 AL L) AT L2 HE TR

a2 AbY, WWARBRREDOREMT
ﬁ@raﬁméh FIRE T 5. BIEEEE,
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RESULTS

The number of AHS participants and the participa-
tion rates are given by cycle in Table 1. The partici-
pation rates are the percentages of those members of
the cohort who were residing in the contacting areca
at the time of their scheduled biennial examination.
There was very little difference in the participation
rates by age or sex, but the Nagasaki rates were
slightly higher than those in Hiroshima. In gen-
eral the participation rates were quite high and the
intercity differences relatively small.
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TABLE 1 NUMBER OF AHS PARTICIPANTS AND PERCENT PARTICIPATION
BY CITY, SEX, AND CYCLE

#£1 AHS HERFPRUXZHE: BH, 4, KUEM5
Hiroshima Nagasaki
Year
Cycle Examined Male Female Male Female
1 1958-60 3495 88.6% 6052 88.5 1242 90.4 1716 89.9
2 1960-62 3487 86.8 6199 89.0 1730 91.7 2443 92.1
3 1962-64 3267 85.3 5882 86.2 1763 92.0 2480 92.9
4 1964-66 3240 85.5 5871 86.4 1653 88.9 2392 89.7
5 1966-68 3038 84.0 5644 85.5 1549 86.1 2285 86.4
6 1968-70 2803 81.8 5384 83.3 1362 84.2 2030 85.6
7 1970-72 2584 79.1 4914 79.9 1392 82.2 2136 84.0
8 1972-74 2431 76.7 4708 77.6 1292 82.6 2000 83.0
9 1974-76 2166 72.1 4312 71.8 1274 80.0 1966 79.5
10 1976-78 1944 67.9 3777 66.3 1160 79.8 1805 78.7

Source: Minutes of the RERF Scientific Council, 28-29 September 1981
AT MO PAREA S E, 19814 9 A28—29H

Since routine glycosuria determinations were the
primary diabetes screening tests, a few introductory
words on glycosuria in the AHS are appropriate. A
detailed presentation of glycosuria in the AHS by
age, city, and sex is given in Appendix Table 1. In
general, for each city, glycosuria was more preva-
lent in males than in females (p<.001 in both cities)
and for both sexes glycosuria was more prevalent mn
Hiroshima than in Nagasaki (p<.001 for both sexes).
These differences by city and sex have been noted
previously.>* Also, the expected increasing trends
of rates due to aging were observed over 10 cycles.

The numbers of incident cases (i.e., newly con-
firmed diabetics) and blood glucose tests adminis-
tered are shown by cycle in Table 2. In all analyses,
only "confirmed diabetics" were considered to have
noninsulin-dependent diabetes mellitus (NIDDM).

B OBRAE L, F—RKOBRKAZ)—=27
MEL LG0T, AHS HOHERIZDOWTHE THiMEE
AUHETHAS. AHS 12 BT 2RO E s, #H,
BUOMRMOFEMIc>w T Id{deR1IZA L. L
T, MimEeRIEILHELIVEBEIIZL (ML b
p<.001), B&éLt, BREBIEBINLEE DS
AEW(BLetp<.00l). BHEOHEMNIZEK S
Iho6DERIFILFICLEDSNT WS, Y F 1
sz kK 28 MEmMOFE L, 10BHIZH L -> THE
i (A

'HH-

REEFM (T4bb, LIER SN HEIRRESA
¥) RUOMBERESRZBEAIIIER2 IIRT. 2
BLT, "SRR ER OHPA Va2
) Y IEKIFRIEE RS (NIDDM) Th s & AL sl
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TABLE 2 NUMBER OF DIABETES SCREENING TESTS AND NUMBER OF DIAGNOSED

DIABETICS
#2 HRFBBAZV—=rvI7IBRERELEZEDT s IRBEER £
Male Female
(1) (1) (2) (1) (1) (2)
Cycle Year No of No of No of No of No of No of
Examined FBS OGTT Confirmed FBS OGTT Confirmed
Diabetics/ Diabetics/
Total First Total First
Time Positives Time Positives
Hiroshima
1 1958-60 274 - 73/92 212 - 56/62
2 1960-62 180 235 64/68 92 94 36/38
3 1962-64 60 263 17/18 74 178 19/19
4 1964-66 57 302 45/45 33 148 32/33
5 1966-68 23 317 36/37 18 236 50/53
6 1968-70 16 295 42/42 24 261 38/38
7 1970-72 17 209 31/31 53 128 29/30
8 1972-74 81 127 30/32 75 70 17/17
G 1974-76 81 149 26/27 77 63 25/25
10 1976-78 69 04 20/20 78 65 19/20
384/412 321/335
Nagasaki
1 1958-60 33 - 7/8 24 . 22
2 1960-62 14 62 10/11 T 23 7/8
3 1962-64 20 100 4/9 21 64 10/10
4 1964-66 13 06 4/4 10 62 5/5
5 1966-68 20 166 11/14 25 150 10/12
6 1968-70 16 139 8/8 21 125 6/7
) 1970-72 3 16 1/1 6 14 212
3 1972-74 0 0 0/0 0 1 1/1
9 1974-76 0 0 0/0 0 0 0/0
10 1976-78 0 0 1/1 0 1 0/0
46/56 43/47

(1) Entries are the number of subjects who received tests for that cycle.

AWM T ORMIIREL*ZI B IBTH 5.

(2) Entries are of the form x/y, where x is the number of positive subjects who were later confirmed as
diabetic, and y is the number of subjects who were positive but were not previously diagnosed as
diabetic nor had this positive test be a confirmatory test. Consequenty, the ratio x/y is the proportion

of first-time positive cases on this cycle who were later confirmed as diabetic.

BRI x/y OBRATHT -7, ZOHExEESENRETRIL, BERBLERsh-FORTHY,
BB EUBEREBN AL 4L, A F0BM L EDSHABEAHYHBAREICL 2622 HRH
DETH3. BB, x/yOki, CORMBIEI2VEORESBETH), BIUIBMERLBERE SN IHEROD

FISTH 3.

The ratio of the total number of confirmed diabet-
ics to the total number of subjects with at least one

positive blood glucose test exceeded 93%. For both
cities, the apparent!''* male predominance among
Japanese diabetics was again noted. The overall
relative risks'? (i.e., after collapsing over all cycles)
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of the occurrence of diabetes for males relative
to females were 2.1 (#£.18) in Hiroshima and
1.6 (£.35) in Nagasaki. The intercity difference
was not significant (p=.23). For both sexes in
Hiroshima there were unusually low incidence rates
for cycle 3 (1962-64). Belsky et al* suggested that
there may have been more intensive screening for
diabetes during cycles 1 (1958-60) and 2 (1960-
62) than in several successive cycles. A possible
result of this intensive screening program was that
some diabetics, who might have been diagnosed
during cycle 3 (1962-64) had the intensive screening
not occurred, were actually diagnosed in cycle 2.
Consequently, there may have been low incidence
in cycle 3. In Nagasaki, beginning with cycle
7 (1970-72), there were few blood glucose tests
performed. Therefore, all intercity comparisons of
diabetes morbidity were restricted to the first six
cycles (1958-70) only.

Previous investigations?~%%7 have not demon-
strated any association between radiation and dia-
betes. In a preliminary analysis, the tendency was
to confirm these prior findings by failing to find any
relationships between radiation exposure and glyco-
suria or proteinuria. A subsequent logistic regres-
sion analysis of diabetes incidence and radiation ex-
posure in Hiroshima confirmed this finding (Table
3, p>.50). Therefore, radiation exposure was not
considered further in our analyses.
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(£.18), B T1.6(£.35) Th-7. WmHMH®D
ERIERTHLE -2 (p=.23). EETREX
Y, EIFM (1962—645F) OREERHFEY ITK
o 7. Belsky 64 1d, F1FH (1958—605F) &
5 2 EHE (1960—624F) 1213, Zhicfi< HAEAMLED
t, chpy a2 7 ) —— v AT b REE S B
ZeETAELL ZOERANLEAT) - FEHED
BRELTEZILSNZZ LI, BERBEREORM AL,
ERICIEE2FEBIC2IehZY, L LEGFMNE
A7N—Z v ZHiThbh T w740 61E, &3 B
(1962—644E) 2 k- Tglicsh T Lh i w
EWVWITETHS., FEIRMMORERIE DI
TOHAAE LAZY, B TIEE 7 B (1970—
TRE) 6, MBRERIZIZELEAETODRA TV W,
LA ->T, BRFEEHEFEOMEMEEE, $XT
1D 6 B (1958—704) IZFRE L TiTb i -,

CHhETOREFE?2 V0T T, BEBEEBBERD
M{ZIZBA S Az ahTua v, FHBEFIISVTIE,
BB IR XIEAROMFEERVWEFTZ LN
TET, ZOLILLMOEREMIE S 2HMmIC
Holz, ZOHRITONLEIEEOBRBERER L BUE
BHBIIMT 30V AT 4 v Z7EEBEIFTE, O
EREIPMEFENATVWE (£33, p>.0). LT
SRIOEH T, BMEBRERIIODVWTIRLEXEE
L 2 i/,

TABLE 3 LOGISTIC REGRESSION OF OCCURRANCE OF

DIABETES® ON SEX, AGE, AND TOTAL DOSE IN HIROSHIMA

73 LBIIBTAMIRFEOHRLERS LT 30 AT 4197
Bl Ji B A . 1%, FEfe, K OEEAE G
Covariate Regression Estimate SE xz (df=1)
Intercept —0.824 0.175 22.1
Sex® —0.711 0.080 779
Age® —0.390 0.041 88.4
Total dose® 0.036 0.059 0.4

a

Based upon confirmed diabetics excluding all subjects without esti-
mated total dose.

fEEREBRROZVWHRFLALBE (HEch ABRERBHEH XL,
Categorized as 1=Male and 2=Female. 1=%1, 2=%# 124 H .

Categorized on birth year as 1=Before 1901, 2=1901-15, 3=1916-30,
and 4=1931-45.

H A 4 1 =1901 £ LL#f,
|z 5 .

2=1901—15%, 3 =1916—30%F, 4 =1931—45%F

d Categorized on estimated total dose as 1=No exposure, 2=1-200rad,

3=201-400rad, and 4=401-600rad.
HEEEERAY 1=3E# B, 2=1— 200 rad, 3=201— 400 rad, & UF4=401 —
600 rad =% H.
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Table 4 contains the average weights and ages of
the diabetic and all other subjects. Diabetics were
generally older than those subjects without known
diabetes, but for the four city-sex groups the av-
erage ages of the diabetics were about the same.
The average age at diagnosis was slightly higher in

Hiroshima (males: 57.1 -

than in Nagasaki (males:

54.8 -

= 0.7, females: 57.74
- 1.1, females:

- 0.9)

53.8 £+ 1.2). For both cities the male diabetics were
nonobese, with average body weights for all 10 cy-

cles within the 100% to 108% 1

3W range.

The

female diabetics tended to be slightly heavier than
the male diabetics with average weights usually in
At all examina-
tions from diagnosis onward, 28.9% of the diabetic
males were obese and 43.6% of the diabetic females

the 109% to 114%

were obese.

W range.

T4, BRAEBRERUVZOMOMEELAD
THEBERCEHERZ2RT. BEBEAFZFIT KR
BRFEIFEDLSNATVAEVELINLERIE - /-
A, BH-E04BIIHO>VTIE, EEBEREDEY
EMITIZIFTEL o /-, BIBROFEHERIT, L5
(B #: 57.1+ 0.7, &tE: 57.71+0.9) O 5P EWF
(B#: 54.811.1, &i: 53.8=1.2) k& bhTh
tEmho. MTiEd, BEHEOEKRBESDT, 10
2EREBL TREEBEFEAH100% 5 5 108% IBW O &i [
2H Y, Bz tEbidror. KEOBRBERE L,
SEEAEIFKEI09% 5 5 114% IBW OfFETH Y,
BUHOBRFEEZELIVLDLTPIIEVHEGEIZH - 72,
ZHEO2ZETIE, BHOMERBEEBZEDN28.9% N
B THD, HHETIZ4.6%TH- 7.

TABLE 4 AGES AND IDEAL BODY WEIGHTS (IBW) OF DIABETICS AND ALL OTHER SUBJECTS®

#4d BERBRBRERUVZOMINTONBEOFH L EHEEAEEHE (IBW)
Cycle
1 2 4 5 6 7 8 9 10
Hiroshima Male

Averape Age
All diabetics 55.7 51.5 58.8 58.7 59.3 60.8 61.2 61.1 62.9 63.3
Diabetics diagnosed

on this cycle 557 563 564 553 588 609 588 540 613 599
All others 45.0 46.8 48.4 49.8 312 52.4 53.6 5438 359 372
Average IBW
All diabetics 102.7 1029 -102.1 1044 1053 1045 106.1 1063 106.6 106.9
Diabetics diagnosed

on this cycle 102.7 1028 109.1 1094 1073 106.1 108.0 1119 108.6 113.1
All others 97.6 97.8 97.6 08.5 99.5 1006 1013 101.2 102.1 102.8

Hiroshima Female

Average Age
All diabetics 55.9 ST 58.0 58.9 58.6 60.5 61.4 62.7 63.2 63.1
Diabetics diagnosed

on this cycle 559  58.1 553 573 547 610 603  58.1 508 602
All others 43.7 45.6 47.4 49.0 50.7 522 53.9 332 56.3 STER
Average IBW
All diabetics 109.4 109.3 1096 1105 113.8 1133 1134 1122 1124 1123
Diabetics diagnosed '

on this cycle 1094 1115 1133 1101 119.2 1146 1200 1168 116.0 114.0
All others 1004 100.8 1009 1019 103.1 1041 1049 1052 106.0 1063

12
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TABLE 4 (Continued #¢ %)

Cycle
1 2 3 4 5 6 7 8 9 10
Nagasaki Male

Average Age
All diabetics 58.6 55.2 54.2 56.3 1.5 58.6 58.9 64.5 63.7 63.3
Diabetics diagnosed

on this cycle 58.6 53.4 513 55.3 55.5 55.9 39.0° - - -
All others 39.5 42.1 44.0 45.9 47.2 48.8 50.0 51.9 53.3 54.9
Average IBW
All diabetics 99.9 103.8 1054 1044 106.7 1055 1039 107.7 107.6  106.0
Diabetics diagnosed

on this cycle 99.9  106.1 1028 1043 1077 1099 112.0° 4 : -
All others 98.1 97.5 08.2 99.3 99.6 1004 101.7 101.9 101.9 103.0

Nagasaki Female

Average Age
All diabetics 51.5° 56.4 57.0 = % 55.1 56.1 58.0 57.9 61.0 60.3
Diabetics diagnosed

on this cycle 51.5¢ 573 560 452 536 552  555¢  450b - :
All others 375 39.3 41.3 43.0 44.6 46.2 48.3 49.9 51.6 532
Average IBW
All diabetics 113.5° 1123 1089 1068 1136 109.1 111.1 107.7 105.6 102.0
Diabetics diagnosed

on this cycle 113.5¢ 1127 1126 1095 1222 978 114.5° 108.0° - .
All others 99.6 996 1004 101.7 102.6 103.9 105.1 106.1 106.3 107.0

a All other subjects are all subjects without known diabetes.

TR TXTOMNBERE LD, BHOBEHFAEDONLVITNTOMNB ETL3.

b Based upon one case. 1fEfZ35¢<.

¢ Based upon two cases. 2 fEffli23E5¢ .

Table 5 shows the relative risks for diabetes due to
a positive family history. In Hiroshima the rela-
tive risks for both sexes were between 2.5 and 3.5,
with no significant differences between males and
females (p>.50). In Nagasaki the numbers were
too small to make definite statements, though it ap-
pears that females were not at an increased risk due
to a positive family history. Regarding intercity
differences, 4.1% of Hiroshima subjects reported a
positive family history, whereas in Nagasaki the re-
ported rate was only 2.1%. The differences were
highly significant (males: p=.001; females: p<.001;
both sexes combined: p<.001) and they reflect the
higher rates of diabetes in Hiroshima. Hiroshima
females reported a higher rate of family history than
did Hiroshima males (p=.005), but in Nagasaki there
was no difference between the sexes (p>.50).
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7 b 1213, PHtEOFIEREIC & 288 IR K O x5
Ay . fHXERRER, EHETHBELMIIEREN
< (p>.50), B L 2.5253.50MTH- .
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AETHYN (BE: p=.001; Z#: p<.001; B4:
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LDTHE. LEOTHEIFEREIZIOVWTEEHED
MmEERNLZD (p=.005), B CIZH LMIzEY
ol (p>.50).
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TABLE 5 FAMILY HISTORY OF DIABETES
#5 WMERBEOKKRE

No Relative Risk of Diabetes Due to
Diabetes Diabetes Total a Positive Family History“
Hiroshima Male
History 32 152 184
No History 352 4727 5066 28 .6
Hiroshima Female
History 41 340 380
No History 280 7814 8088 34 6
Nagasaki Male
History 3 54 51
No History 43 2616 2659 34421
Nagasaki Female
History 1 75 76
No History 42 3419 3461 Ll o= 1]

a Estimated relative risk =1 SD of estimate.

HEEHAMERE L HE MO 1SD,

The possible relationships between a positive fam-
ily history, sex, and glucose intolerance were ex-
amined by considering average OGTT curves. The
means and standard errors of the 2-hour values for
three typical cycles are given in Table 6. The com-
parisons for the 1-hour values give results virtually
identical to those shown. Even though many of the
standard errors are relatively large, and thus there
are few significant differences, there is a suggestive
pattern. The post-loading values were evaluated in
females when compared to males, as was reported
also by Belsky et al.1®> Moreover, for both sexes
the OGTT curves of individuals with positive fam-
ily histories of diabetes were elevated relative to
those of individuals without family histories. One
might speculate, as suggested by a reviewer, that
the higher average blood glucose level associated
with positive family history is due in part to more
diabetics in that group, as shown in Table 3.

Table 7 contains the glycosuria and proteinuria
prevalence rates for the 10 cycles stratified by city,
sex, and presence or absence of known diabetes.
For all four city-sex groups, a trace to 4+ glycosuria
(p<.001 in all cases) and 1+ or greater proteinuria
(p<.001 in Hiroshima and p<.005 in Nagasaki)
were more common in diabetics than in all other
subjects. As noted above, for both sexes glycosuria
was more prevalent in Hiroshima than in Nagasaki
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TABLE 6 AVERAGE 2-HOUR OGTT VALUES (mg/100 ml) FOR THREE
REPRESENTATIVE CYCLES : HIROSHIMA
76 REHZIEHHIZOVWTOFE OGTT 2 #FHfE (mg/ 100 ml) : LB
Family History of
Diabetes Cycle4 Cycle7 Cycle9
Male Yes X 171.3 199.2 188.6
(SE) (10.5) (20.7) (19.8)
No X 159.9 176.8 169.7
(SE) (4.5) (6.4) (7.0)
Female Yes X 204.8 255.2 256.7
(SE) (28.5) (44.1) (47.8)
No X 186.3 204.5 210.6
(SE) (9.3) (9.6) (12.1)
TABLE 7 PREVALENCE RATES (CASES/100) OF GLYCOSURIA®® AND
PROTEINURIAF®
£7 HBR RUOEARCOEHE (FEHE/100)
Cycle
1 2 3 4 5 6 7 9 10
Hiroshima Male
Glycosuria
Diabetics 5 65.5 66.7 51.7 716 542 512 313 580 503
All others 7.5 7.0 7.9 80 11.8 8.7 7.8 4.0 R 5.6
Total 0.2 04 103 106 153 119 112 6.5 119 10.2
Proteinuria
Diabetics®  21.9 14.2 142 244 275 213 222 278 233 280
All others 6.5 6.3 5.0 3.7 3.9 3.9 4.0 3.3 3.8 6.0
Total 7.1 6.5 5.6 4.7 5.3 5.1 53 52 54 7.9
Hiroshima Female
Glycosuna
Diabetics - 69.4 676 609 614 61.1 514 38.1 524 478
All others 3.4 1.4 1.5 1.8 2.8 2.2 1.5 12 1.5 1.7
Total 4.2 2.5 2.5 3.0 4.4 4.2 3.4 2.6 r. W 3.6
Proteinuna
Diabetics®  23.2 253 236 242 189 17.1 220 277 292 282
All others 5.8 5.5 4.6 4.0 3.8 3.6 3.8 3.6 3.8 5.6
Total 6.0 5.8 5.0 4.4 4.2 4.0 4.4 4.6 4.8 6.5

(Continue %t < )
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TABLE 7 (Continued #t %)
Cycle
1 2 3 4 5 6 7 8 & 10
Nagasaki Male

Glycosuria

Diabetics ~ 75.0 750 750 588 706 482 348 579 650
All others 3.9 3.8 6.0 4.7 8.3 0.9 53 3.6 43 6.1
Total 4.4 4.5 6.6 54 95 11.0 6.2 4.1 5.1 1.1
Proteinuria

Diabetics 14.3 6.7 11.7 63 179 120 179 26.1 368 19.1
All others 4.8 2.7 3.0 3.1 3.1 42 4.5 53 7.1 5.9
Total 4.8 2.8 3.1 3.2 3.4 4.3 4.7 5.7 75 6.1

Nagasaki Female

Glycosuria

Diabetics - 100.0° 750 750 632 577 452 290 464 454
All others 2.0 0.7 11 1.7 1.9 3.6 1.0 0.8 1.6 1.8
Total 24 | 1.0 1.6 2.3 2.6 4.4 1.6 1.2 2.2 2.3
Proteinuria

Diabetics 0¢ 222 16.7 95 103 125 235 333 241 174
All others 8.7 2.1 2.3 3.0 3.5 3.7 34 3.6 5.1 4.9
Total 5.7 2.2 2.4 3.1 3.6 3.8 3.7 4.1 54 5.0

a Glycosuria is trace or greater. BE xRz Zhll L.

b Excluding diabetics during diagnosis cycle. 2 ¥Rt OB KH & B <.

¢ Proteinuria is 1+ or greater. &AK1+Xd T hlilk .

d Excluding 13 male and 7 female diabetics who were diagnosed after cycle 6 but whose

proteinuria values were unknown.

EeoRMLAR IR shY, RARMAITH TH- A BERHA, RUAHTHOBEKBLEE 2B,

¢ Based on 2 cases. 2 fEf it -T <.

and in both cities glycosuria was more prevalent
in males than in females. Among those subjects
without known diabetes, the glycosuria rates were
higher (p<.001 for both sexes) in Hiroshima than in
Nagasaki. However, among diabetics, the glyco-
suria rates were about the same in all four city-sex

groups. Thus, some of the intercity differences in
diabetes morbidity may be attributed to the combi-
nation of routine urinalysis for diabetes prescreening
and the higher glycosuria rates in Hiroshima. It
seems doubtful, however, if this would explain all
of the intercity differences in diabetes morbidity.
In Hiroshima, glycosuria was about three times
more prevalent in males than in females (p<.001),
but diabetes was about 1.4 times more prevalent
in glycosuric females (45%) than in glycosuric
males (32%). In several populations, including
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Japanese, it has been shown' that males have a

higher rate of glycosuria than do females, but among
glycosurics, males have a lower rate of diabetes
than do females. For both sexes, proteinuria was
more common in Hiroshima than in Nagasaki, but
the small differences are probably attributable to the
higher prevalence of diabetes in Hiroshima. Among
those subjects without known diabetes, the rates of
proteinuria were about the same in all four city-
sex groups (p>.10), and the average prevalence
was 4.3%. Among diabetics, within each city
the proteinuria rates were about the same for both
sexes (p>.25 for both cities), though the Nagasaki
numbers were small. The prevalence of proteinuria
in Hiroshima diabetics was approximately 25.6%
and in Nagasaki diabetics it was approximately
18.7%. A detailed presentation of glycosuria and
proteinuria in the AHS by age, city, and sex is given
in Appendix Table 1.

The estimated probabilities used in equation (1)
for adjusting the observed incidence and prevalence
rates are given in Table 8. Within the age- and sex-
strata there was little effect (p>.50 for males; p>.10
for females) on the estimates due to the presence
or absence of obesity. Therefore, the estimates
within strata were pooled over weight groups and
these pooled estimates were used for the adjustment.
Because the glycosuria rates among diabetics of the
same sex In the two cities were quite similar and
the Nagasaki numbers were small, the estimates
of Prob (glycosulia/diabetes) from Hiroshima were
used to adjust the Nagasaki rates. The observed
and adjusted incidence and prevalence rates for
diabetes are given in Table 9. A more detailed
presentation by age is given in Appendix Table
2. In Hiroshima, the observed incidence for males
from cycle 4 (1964-66) onward was approximately
constant (p>.50) at about 1.2-1.3 cases/100 per
cycle, while for the females (except for cycle 5)
the observed incidence from cycle 4 onward was

approximately constant (p>.20) at 0.5-0.6 cases/100
per cycle.

Since the adjustments of incidence and prevalence
rates were solely intended to indicate the extent of
negative biases in the observed rates and because
the accuracy and precision of the adjusted rates are
unknown, all analyses of incidence and prevalence
rates, unless otherwise noted, refer to the observed
rates.

17

RERF TR 11-85

B (32%) LWL H1.4EEH»-7- BERAR2ED
HOPOEFIZEWTIE, BT LML HKRE
Amuny, BMEEZRTEODTIE, BHEOHFILH
LD ELBMEFEAROEFEDSATVS. ! BL
b, EHRIIEBEIDVLEEDHIZE o7,
COhELEIE, BSLAEEBEOBERBEAERES SV
CEILEBEDTHAS ). BRHMOBIKRFENZH 51
ZTOWHBEHIIEVTIER, BEAERREIHMTH-HD4 8
TARTEEWTIFIEFEFELL (p>.10), FHIEHREIL
4.3% ThH-71. HRFEAEEIIEVWTIE, BRIGOIEM
WL, BEARFEGEGE LB LIZIEREL
To-(Mhédp>.25). LEOHRFELEEIZE
TAEBRRAREIIFNSG.6%THN, RIFOHKEIL
#118.7% ThH-7-. {T8£F 112, AHS NOHEIRE
HAKRFEOFMz, Fip, #h, RUCMHENIZRL L.

BERER R UOBEAERETHNET 3201257 (1)
THWAMERAHEMEZEZS IR T, FHATED
RATHE, HEBRIIEMECEREIZIL->-TRHHE
xhact3BrAYEhaE (B p>.50;
T p>.10). LA -> TRAOHEEME A ER
iz 7—=nL, WL -#EEZFALI AW L.
m&d, RBIEOHRBEE ST IBERELI» L
NERPLTEHED, L EBHOEITIDEIP--DT,
I & @ Prob (H IR /#EK7) O 7E & v T &Kl
DEOFLEIT-o 7. WERFBIIHETIBEERURAE
AR FIZAREFELZRIIZART. £®5 O FH
I E&F2IIALAL. LETIE, B4 (1964—
66F) IO BEOBERERIL, 1EHELD
#1.2—1.35EH /100 TIRIEF—ZE L TEHN (p>.50),
w4 BHURE (Z5 Bz oxEDBEERESE
ik, 1B LE-080.5— 0.65FEF / 100 TIXIE—
LTw3(p>.20).

DT —

HELRRUARFOALIIHIIBERER BT
5BEORBOVDODBEHEZRT DA TIZITF>28DT
hh, £k, ABFOTHEIRUHBEILIRES »T
ZVWOT, BERLEHREORENIZI AT, FIC
A Z TR, BEEERIIMT230TH 3.




RERF TR 11-85

TABLE 8 ESTIMATED PROBABILITIES OF DIABETIC GLYCOSURIA

#8 WMRZ2IRIHEERBAEZEOHERMEER
Probabilities (SE)
Age Weight Group
Hiroshima Male Hiroshima Female
<40 Nonobese 400 (.097) 400 (.116)
.319 (. 344 (.087
Obese 333 (.149) S 500 (.183) ( )
40-49 Nonobese 466 (.068) 417 (.075)
514 (. 424 (.060
Obese 605 (.101D) (:030) 432 (.102) Ll
- : 054 , !
50-59 Nonobese 481 (.054) 494 (.044) 514 (.058) 452 (.041)
Obese 526 (.082) 390 (.057)
+ Nonobese . : : :
o ; 15 (028) 1 is 025y 8GO0 o4 029y
Obese .368 (.058) 372 (.048)
Overall 445 (.020) 462 (.021)
Standard errors are given in parentheses. {E3Npy (3 8HE 2,

TABLE 9 OBSERVED AND ADJUSTED INCIDENCE AND PREVALENCE RATES
(CASES/100) FOR DIABETES

#9 MWMEKEOBERUVFAERERECICHERE (EH /100)

Cycle

1 > 3 4 5 6 7 8 9 10

Hiroshima Male
Observed Incidence - 19 S5 14 12 168 1 13 1.3 s
Adjusted Incidence - 40 12 31 27 34 27 29 2.9 25
Observed Prevalence 2.1 34 38 50 56 68 1717 83 8.8 9.7
Adjusted Prevalence - 56 44 66 70 86 91 97 102 100
Hiroshima Female
Observed Incidence - 6 3 6 9 ) 3 4 6 3
Adjusted Incidence - 1.2 Jd 12 19 1.6 12 8 1.3 1.1
Observed Prevalence 9 14 15 20 27 34 35 38 4.1 4.1
Adjusted Prevalence - 20 19 27 37 42 41 42 4 4.7
Nagasaki Male®
Observed Incidence - 6 o 2 W) .6 R | - - .09
Adjusted Incidence - 12 5 S5 16 1.3 2 - - 2
Observed Prevalence 6 8 10 10 18 18 20 1.8 1.3 1.8
Adjusted Prevalence = 18 12 12 26 25 2.1 18 1.5 1.9
Nagasaki Female®
Observed Incidence - 3 4 by 4 3 1 | - -
Adjusted Incidence - 6 L 4 9 6 R | . -
Observed Prevalence " | 4 g 9 13 16 16 16 1.5 13
Adjusted Prevalence - 7 X2, 13 18 189 L7 197 1.5 13

a Adjusted using the sex-specific estimates in Table 8.
HEOERHEEMF?AVTEHELALOD.

18



Figures 2 and 3 show the age-specific and over-
all observed and adjusted prevalence rates for
the Hiroshima males and females. The overall
prevalence increased in time (males:0.75 4 0.04
cases/100 per cycle; females: 0.36 £ 0.04 cases/100
per cycle) and the increase appeared due to individ-
uals aged 50 or more. It should be emphasized that
over the 20 years of study, the age distributions
of the cohort have changed. For example, during
cycle 1 (1958-60), 23.5% of the Hiroshima males
were aged 60 or more, while at cycle 10 (1976-
78) 45.7% of the Hiroshima males were aged 60 or
more.

One explanation for the increasing prevalence rates
is that they are due to constant age-specific inci-
dence rates and an aging population. Since NIDDM
is not a rapidly fatal disease, the number of surviv-
ing diabetics might increase for a long period of
time. If this were the case, as the population aged
the prevalence rate would increase. Note, however,
there may be other explanations as well.

DISCUSSION

Findings regarding diabetes, glycosuria, and pro-
teinuria in a 20-year cohort study of Japanese
residents of Hiroshima and Nagasaki were pre-
sented. Surprisingly, there have been few reports
of any previous long-term population studies of

diabetes among the Japanese. Previous short-term
studies®® of the AHS cohort found diabetes and
glycosuria were more prevalent in Hiroshima than
in Nagasaki, and in both cities more prevalent
in males than in females.  Also, persons In
Hiroshima, irrespective of sex, were reported to
be at increased risk for diabetes among those with
a positive family history of diabetes. However,
there was some disagreement®'* regarding increased
proteinuria rates among diabetics. Recently, the
NDDG? proposed more stringent criteria for di-
abetes than that used in these previous studies.
Therefore, the present study was undertaken to see
how the previous findings might change when the
NDDG criteria was used and to update the findings
regarding diabetes in the AHS through 1978.

There are two pertinent facts about diabetes in the
AHS worth noting. First, IDDM 1is quite rare in
Japan when compared to the West. In fact, in the
entire AHS cohort of approximately 20,000 subjects
there were no cases of IDDM. Second, there were
few blood glucose tests performed in Nagasaki after
cycle 6 (1968-70). Therefore, intercity comparisons
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FIGURE 2 AGE-SPECIFIC OBSERVED AND ADJUSTED PREVALENCE RATES OF
DIABETES, HIROSHIMA MALES
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FIGURE 3 AGE-SPECIFIC OBSERVED AND ADJUSTED PREVALENCE RATES OF
DIABETES, HIROSHIMA FEMALES
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of diabetes were restricted to the first 12 years (or
six cycles) of the study, and Nagasaki-specific anal-
yses were restricted to consideration of glycosuna,
proteinuria, and diabetes family history rates.

The present findings on glycosuria generally agreed
with those previously reported regarding this cohort.
Over the 20 years of study, glycosuria was more
prevalent in males than in females (p<.001 for both
cities) and more prevalent in Hiroshima than in
Nagasaki (p<.001 for both sexes). Among those
subjects without known diabetes, glycosuria was
more prevalent for both sexes (p<.001) in Hiroshima
than in Nagasaki, but among diabetics there was
little difference by city or sex. Thus, part of the
observed differences by city and sex in diabetes
morbidity may be attributed to the methodology
used for detecting diabetes (namely, a routine
glycosuria determination for primary screening). In
fact, the observed difference of diabetes prevalence
between the sexes might disappear or be reversed, if
an OGTT were used as the primary (1.e., screening)
test.}® Another finding about glycosuria was that
Hiroshima diabetics were glycosuric only about 46%
of the time. This rate was unaffected by age, sex,

21

T, FERFICE 3 20 6 O bE 821X 8 #1) D 12 5 ]
(6 B¥E) OMEICEES h, F7-KEMFE DT,
FIRE, BEARE, RUBKRAEEBROEDOREIC
fRE = N 7=,

FERICM T 240OMRAIE, 2OaFk—MIonT
BEIIREINZLDEAK—HF 5. 20FMD
MESELCT, BRIZEMEDVLBHIZZHEL (M
b p<.001), FAEBEEINLILEBIZZERELE (BL
EHp<.001). BRENOBERBEIFIEO SN WHES
2EWVWT, HERIE, BhELEBLINVEETERE
Ao h (p<.001), BWERHEBEIZHFTWVTIE,
M IR DERIIIZEAE LT, LT,
WIRRERBIIET 2T EAUENOBEERL,
WEREmEICHwERFREIZEZ D2 LG W
(T bbs, —KRAZ) - TDO-HDOEBED
WREE). EFE, RIZOGTT 2—XKkkgE (0F 0,
AgY—=v )L LTHWELZEIE, BLMizbiT 3
MEFAREOBREZR2IHEET 20, XidMig
TAPELAZV B HERIZCOVWTODE 3 —DDFFR
X, EEOBEKRBEEZETCHRZALAEZIZ 20
HHM O b T 6% TEEIZTEL oA E VI LT
HAH. ZORIFEm, 4%, RUESEOFEEIZL-TIE




RERF TR 11-85

and presence or absence of obesity (Table 8). The
main importance of this finding was twofold. It
was used 1n estimating the size of the undiagnosed
diabetic population and in explaining the success of
routine urinalyses for diabetes prescreening.

Regarding proteinuria, the prevalence among dia-
betics was significantly higher than among all other
subjects (p<.001 in Hiroshima, p<.005 in Nagasaki).

Among those subjects without known diabetes, the
proteinuria rates were the same for all city-sex

groups (p>.10, averaging 4.3%). For diabelics,
within each city there was no differece in proteinuria
rates between the sexes (p>.15). The diabetic pro-
teinuria rates were 23.5% in Hiroshima and 18.7%
in Nagasaki. These findings are in general agree-
ment with those of Belsky et al.*

As would be expected, the main effect of using the
NDDG diabetes criteria was to lower the prevalence
rates in the AHS to about half those previously?—*
given. For cycle 1 (1958-60) Rudnick and
Anderson? reported a prevalence of about 3% in
Hiroshima in comparison to our 1.4%, whereas for
cycle 5 (1966-68) Belsky et al* reported a preva-
lence of about 6.3% compared to our 3.5%. For
cycle 10 (1976-78), we find an overall prevalence
of about 5.7%, which (when age and sex adjusted)
closely agrees with recent prevalence estimates in
Hiroshima agricultural workers.®

The age- and sex-specific incidence rates for di-
abetes were approximately constant in Hiroshima
from cycle 4 (1964-66) onward. Unfortunately, in
Nagasaki there were too few data for an analysis
of incidence rates. The Hiroshima males had an
overall incidence rate of about 1.2-1.3 cases/100 per
cycle for cycles 4-10 (1964-78), while for the same
period the Hiroshima females had an overall inci-
dence (excluding cycle 5) of about 0.5-0.6 cases/100
per cycle. The glycosuria rate for the Hiroshima fe-
males was unusually high during cycle 5 (1966-68)
and consequently so was the diabetes incidence rate.

The prevalence of diabetes in both sexes in
Hiroshima was shown to increase over the course of
study (p<.001). Unfortunately, the lack of adequate
data precludes making any definite statements about
temporal patterns in Nagasaki. The total preva-
lence 1in Hiroshima increased nearly 4-fold from 1.4
cases/100 in cycle 1 (1958-60) to 5.5 cases/100 in
cycle 10 (1976-78). There were 705 individuals
diagnosed as diabetic out of 13,718 Hiroshima sub-
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jects who were examined at least once. These in-
creases are hypothesized to be the result of tempo-
ral changes in the age-sex distribution of the cohort
combined with constant age- and sex-specific Inci-
dences. Over the 20 years of follow-up, the propor-
tion of the cohort in the age-goups with high risk
for diabetes increased. For example, in Hiroshima
the percentage of persons aged 50 or more increased
from 45% in males and 37% in females during cy-
cle 1 to 64% in males and 73% in females during
cycle 10. Using data from Bale and Entmacher,’
it has been estimated 2 that in the State of Towa
the life expectancy of diabetics aged 40 or more
is only about 10% less than that of similarly aged
members of the general population. Since most of
the AHS diabetics were aged 40 or more at diagno-
sis, the explanation that the increasing prevalences
were primarily due to aging seems quite plausible.

For each cycle, an attempt was made to estimate the
size of the undiagnosed diabetic population and to
adjust our observed incidence and prevalence rates
accordingly (Table 9). In terms of the number
of cases missed, the same adjustments by cycle
were used for the age- and sex-specific incidence
and prevalence rates. Hence, the relative effect
of the adjustments was much larger in the case
of the incidence rates than for the prevalence
rates. Because a routine urinalysis was the primary
prescreening procedure for diabetes, it was shown
in the Materials and Methods section that the
observed incidence rates were too small by a factor
about equal to the reciprocal of the probability of

glycosuria 1n diabetics. For both sexes and all ages
and weights, this adjustment factor was estimated to
be 2.2. The ratio of observed prevalence to adjusted
prevalence (for Hiroshima males) varied from 0.74
for cycle 4 to greater than 0.88 for cycle 10. If our
assumption that the associated biases cancel each
other out is correct, then the adjustments of the
observed prevalences are probably fairly accurate.
Consequently, the above values can be interpreted to
mean that approximately 74% of the entire diabetic
population had been diagnosed by the end of cycle
4 (1964-66) and that this percentage had increased
to greater than 88% by the end of cycle 10 (1976-
78). Thus, based on the present cohort study, it
appears that continuous biennial routine urinalysis
is an effective diabetes prescreening procedure.

There is a probabilistic reason for the effectiveness
of the primary prescreening procedure for diabetes.
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The probability of glycosuria in a diabetic was es-
timated to be about 0.46 without consideration of
treatment. If this were the true value, the proba-
bility of nonglycosuria in an undiagnosed, asymp-
tomatic diabetic would be 0.54. Because urinaly-
ses were performed biennially and were considered
statistically independent, the probability of an un-
diagnosed, asymptomatic diabetic having consecu-
tive, negative urine specimens would be (0.54)".
Consequently, the chances that an undiagnosed di-
abetic would be glycosuric at least once in two cy-
cles would be 0.71 and in three cycles 0.84. Since
most glycosurics without a prior diagnosis of dia-
betes were tested for diabetes, the prescreening pro-
cedure was quite effective, especially when looked
at over the course of 20 years.

Because of the paucity of previous long-term pop-
ulation studies of diabetes among the Japanese, it
seems appropriate to describe briefly some general
characteristics of Japanese diabetics and to com-
pare these characteristics with those of diabetics
(NIDDM) in the West. Points of similarity. in-
clude the average age at diagnosis (Table 4) and
an mcreased relative risk of diabetes due to positive
family history (Table 5). Also, even though glyco-
suria was more prevalent in males than in females,
among glycosurics, diabetes was more prevalent in
females than in males. In contrast to the West, the
diabetics were predominantly male and not exces-
sively overweight. Our observed 2:1 male predom-
inance agrees with previous studies of the Japanese
population®*** and the AHS cohort.?® The differ-
ence in obesity levels between the AHS diabetics
and western diabetics was quite striking. It has
been reported!® that 60%-90% of those NIDDM
in the West exceed 120% of IBW. In Hiroshima,
however, 1t was observed that only 29% of the male
diabetics and 44% of the female diabetics were in
excess of 115% of IBW (Table 4).

It should be noted that these differences in obesity
rates may be attributable to the much lower preva-
lence of obesity in the Japanese population than in
the West.

The present study reports findings on diabetes, gly-
cosuria, and proteinuria morbidity in the AHS. Since
the AHS is a continuing study, future analyses of
diabetes in this cohort, including possible compli-
cations of diabetes, are anticipated.
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APPENDIX TABLE 1 RATES (CASES/100) FOR GLYCOSURIA® AND PROTEINURIA®? IN THE AHS
AND AVERAGE AGES; BY AGE, CITY, AND SEX

{t8k& 1 AHS I2H 285K RUEBIR® OF (FE6] /100) K U FHE @ Fis, o, 15

Cycle
1 2 3 4 5 6 7 8 9 10
Hiroshima Male

All ages

No. examined 3495 3487 3267 3240 3038 2803 2584 2431 2166 1944

Average age 45.2 47.1 48.7 50.2 317 53.0 54.2 553 56.5 57.8
Trace, 1+ glyco - 6.74 7.50 765 11.29 8.24 8.05 4.44 8.13 6.48
2+ - 4+ glyco 9.10 2.49 2.60 2.75 3.69 3.39 3.02 1.97 3.69 3.65
14, 2+ prot - - - 4.20 4.77 4.46 4.76 4.48 4.85 7.25
3+, 4+ prot 7.10 6.54 5.60 0.52 0.53 0.61 0.58 0.70 0.55 0.67

Age <30

No. examined 742 488 307 254 203 135 82 47 2 0

Average age 23.0 23.5 23.1 24.2 25.6 26.5 21.5 25.6 29.0 -
Trace, 1+ glyco : 1.84 3.26 1.97 6.40 2.96 3.66 2.13 0.00 -
2+ - 4+ glyco 4.18 1.02 0.10 0.79 1.48 0.00 0.00 0.00 0.00 -
1+, 2+ prot - - - 0.79 2.96 2.22 2.44 0.00 0.00 .
3+, 4+ prot 391 3.28 1.95 0.00 0.00 0.00 0.00 0.00 0.00 -

Age 30-39

No. examined 632 774 845 845 692 494 310 216 193 152

Average age 33.1 33.2 34.0 35.3 36.2 36.3 35.7 34.5 34.3 35.5
Trace, 1+ glyco - 4.26 5.21 5.80 10.26 6.48 0.32 2.78 3.11 461
2+ - 4+ glyco 6.80 1.29 1.42 1.78 2.02 0.40 4.52 1.39 1.04 0.66
1+, 2+ prot - . - 1.78 1.16 2.02 0.65 1.39 0.52 1.97
3+, 4+ prot 3.16 2.71 1.66 0.00 0.00 0.00 032 0.46 0.00 0.00

Age 40-49

No. examined 551 553 465 413 472 583 691 756 696 543

Average age 44.8 44.8 45.1 45.1 44.0 43.1 43.1 43.9 453 46.1
Trace, 1+ glyco : 123 8.17 7.02 12.50 7.89 6.08 3:57 4.89 534
2+ - 44+ glyco 8.89 . 3.01 .15 235 4.12 3.76 2:51 3.30 2.76
1+, 2+ prot - - - 291 169 377 318 251 316 4.24
3+, 4+ prot 3.81 3.25 2.80 0.00 0.42 0.00 0.00 0.26 0.29 0.37

Age 50-59

No. examined 750 7157 665 677 585 522 470 412 319 361

Average age 54.6 54.7 54.8 54.8 54.7 54.7 55.0 550 55.0 53.9
Trace, 1+ glyco - 8.85 8.12  7.83 8.89 8.24  7.87 5.58 9.40 6.65
2+ - 4+ glyco 11.20 330 2.71 3.69 5.47 3.83 3.40 .70  3.13 3.88
1+, 2+ prot - - - 428 410 3.07 404 3.16  3.13 5.26
3+, 4+ prot 760 7.00 58 030 0.1 038  0.43 024  0.00 0.28

(Continue %t <)
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APPENDIX TABLE 1 (Continued #t )

Cycle
1 2 3 4 5 6 £ 8 9 10
Hiroshima Male

Age 60-69

No. examined 613 663 704 714 692 619 592 515 493 430

Average age 63.6 63.8 64.1 64.4 64.3 64.2 64.6 64.6 64.5 64.5
Trace, 1+ glyco - 8.90 980 10.78 1445 10.66 057 4.47 9.74 7.91
2+ - 4+ glyco 13:21 4.68 4.12 3.22 5.64 3.17 3.89 1S 5.68 3.02
1+, 2+ prot - - - 6.16 8.53 5.65 5.57 6.41 6.09 6.05
3+, 4+ prot 12.56 11.61 9.09 1.40 0.72 0.65 0.68 0.78 0.61 0.93

Age 70+

No. examined 207 252 281 337 394 450 439 485 463 458

Average age 73.9 74.4 742 745 74.6 74.6 74.8 152 75.4 75.7
Trace, 1+ glyco - 1071 1068 1039 12.18 8.89 12.07 377 1233 6.99
2+ - 44+ glyco 14.49 3.57 4.27 3.26 3.30 3.78 2.05 2.06 3.67 6.11
1+, 2+ prot - - - 1009 10.15 8.67 10.25 8.45 9.07 15.28
3+, 4+ prot 21.26 17.06 16.73 1.48 1.52 2.44 1.82 1.86 1.51 1.31

Hiroshima Female

All ages

No. examined 6052 6199 5882 5871 5644 5384 4914 4708 4312 3777

Average age 43.8 45.7 47.6 49.2 50.9 523 54.2 55.4 56.6 579
Trace, 1+ glyco - 1.40 1.62 1.92 2.96 2.34 1.91 1.66 2.02 1.99
2+ - 4+ glyco 4.11 1.03 0.87 0.99 1.38 1.73 1.42 0.91 1.69 1.59
1+, 2+ prot - - - 3.78 3.58 3.58 3.95 4.06 4.24 5.82
3+, 4+ prot 6.03 5.81 4.96 0.65 0.66 0.45 0.47 0.49 0.56 0.64

Age <30

No. examined 1079 g b ¥4 473 384 305 212 130 56 3 1

Average age 23.5 23.9 235 243 255 26.8 27.7 28.5 29.0 -
Trace, 1+ glyco - 1.06 0.63 2.08 131 1.42 0.00 0.00 0.00 100.00
2+ - 4+ glyco 4.26 0.13 0.42 0.26 0.33 0.00 0.77 0.00 0.00 0.00
1+, 2+ prot - - - 1.56 2.30 3.30 3.85 1.79 0.00 0.00
3+, 4+ prot 3.34 3.86 3.59 0.26 0.33 0.00 0.77 0.00 0.00 0.00

Age 30-39

No. examined 1572 1719 1594 1365 1019 739 474 306 297 226

Average age 344 344 34.8 35.6 36.0 36.2 35.9 345 34.5 359
Trace, 1+ glyco - 1.16 1.00 1.10 2.45 2.03 1.27 1.31 1.01 1.33
2+ - 4+ glyco 3.94 0.35 0.50 0.22 0.59 0.54 1.05 0.33 0.34 0.44
1+, 2+ prot - - - 2.12 0.98 1.35 1.69 1.31 1.68 i
3+, 4+ prot 2.80 2.73 2.63 0.07 0.49 0.41 0.63 0.33 0.00 0.88
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Cycle
1 2 3 4 S 6 7 8 9 10
Hiroshima Female

Age Age 40-49

No. examined 1134 1163 1154 1313 1464 1545 1480 1483 1147 799

Average age 44.7 44.5 442 43.9 44.0 44.2 44.5 449 45.5 46.1
Trace, 1+ glyco - 1.03 1.30 1.45 253 2.01 1.49 113 0.96 1.25
2+ - 4+ glyco 3.09 0.95 0.17 0.61 1.09 1.42 0.88 0.61 1.22 1.00
1+, 2+ prot - - - 1.83 1.98 1.75 2.36 297 2.44 3.13
3+, 4+ prot 4,76 335 217 0.38 0.34 0.32 0.34 0.34 0.78 0.50

Age 50-59

No. examined 1280 1349 1260 1222 1134 1079 1027 1050 1130 1154

Average age 545 546  54.6 547 54.8 54.6 54.5 54.2 53.8 33.9
Trace, 1+ glyco - 1.41 1.75 1.88 247 2.22 1.56 1.43 2.12 1.82
2+ - 4+ glyco 438 1.48 1.83 1.15 1.50 1.76 1.36 0.67 1.86 1.21
1+, 2+ prot - - - 368 3.26 3.52 2.63 2.57 3.01 4.42
3+, 4+ prot 111 6.67 508 065 035 0.46 0.10 0.38 0.35 0.35

Age 60-69

No. examined 710 899 1034 1147 1197 1180 1061 1012 931 834

Average age 636 634 638 64.1 64.3 64.4 64.5 64.5 64.5 64.6
Trace, 1+ glyco - 1.89 222 3,14 3.26 3.47 2.54 1.48 2.58 2.64
2+ - 4+ glyco 5.35 1.89 1.16 227 251 2.63 2.26 1.78 2.26 2.28
1+, 2+ prot - - - 593 5.10 5.00 6.03 4.64 4,73 6.00
3+, 4+ prot 944  9.01 7.93 1.13 1.34 0.59 0.38 0.49 0.54 0.72

Age 70+

No. examined 270 317 367 440 525 629 742 801 804 763

Average age 74.4 75.4 75.1 75.0 748 74.8 74.8 75.1 75.3 75.8
Trace, 1+ glyco - 347 436 273 6.48 1.91 3.10 3.37 3.11 2.49
2+ - 4+ glyco 4.33 2.84 1.09 1.36 1.52 2.70 1.75 1.00 1.99 2.69
1+, 2+ prot - - - 11.36 11.05 8.27 1.41 8.49 8.96 11.66
3+, 4+ prot 2635 2334 16.89 227 1.14 0.64 1.21 1.00 0.75 1.05

Nagasaki Male

All ages

No. examined 1242 1730 1763 1653 1549 1362 1392 1292 1274 1160

Average age 39.6 422 441 46.0 47.4 49.0 502 521 3.3 55.0
Trace, 1+ glyco - 2.72 4.65 3.63 6.91 127 3.52 232 2.67 3.97
2+ - 4+ glyco 3.46 1.56 1.93 1.75 2.52 3.67 2.66 1.78 2.43 3.10
1+, 2+ prot - - - 3.15 3.10 3.96 4.60 5.42 6.75 5.60
3+, 4+ prot 4.75 2.0 3.12 0.00 0.26 0.37 0.14 0.23 0.78 0.52
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APPENDIX TABLE 1 (Continued #t ¥ )

Cycle
1 2 3 4 %] 6 7 8 9 10
Nagasaki Male

Age <30

No. examined 396 372 257 189 168 92 55 20 0 0

Average age 22.5 24.1 23.6 24.7 26.0 27.0 219 28.8 - .
Trace, 1+ glyco - 0.54 3.50 1.06 2.38 4.35 1.82 5.00 - =
2+ - 4+ glyco 1.52 0.27 0.00 0.00 1.19 2.17 1.82 5.00 - -
1+, 2+ prot - - - 1.06 1.79 3.26 1.82 5.00 - -
3+, 4+ prot 2.53 2.15 1.56 0.00 0.00 0.00 0.00 0.00 - -

Age 30-39

No. examined 238 461 549 527 448 329 269 181 168 134

Average age 329 32.8 33.8 34.9 359 36.1 354 344 34.7 36.2
Trace, 1+ glyco - 3.2 4.37 4.17 7.14 4.56 2.97 L 10 0.60 2.99
2+ - 4+ glyco 1.68 0.87 1.82 0.38 2.23 3.04 1.86 1.10 1.10 1.49
1+, 2+ prot . - - 1.52 2.01 3.04 2.23 1.10 2.38 2.99
3+, 4+ prot 2.94 1.30 1.64 0.00 0.22 0.00 0.00 0.00 0.00 0.75

Age 40-49

No. examined 223 298 282 248 245 281 399 450 452 370

Average age 44.5 45.0 45.3 45.3 44.3 42.7 42.9 43.8 449 45.8
Trace, 1+ glyco - 3.36 4.61 4.84 531 8.90 3.51 4.22 3.10 5.14
2+ - 4+ glyco 4.04 2.35 3.19 3.63 2.04 2.85 2.76 2.00 332 2.97
1+, 2+ prot - - - 2.02 1.63 1.42 3.26 323 3.53 5.41
3+, 4+ prot 2.69 2.68 2.13 0.00 0.00 0.00 0.00 0.00 0.22 0.27

Age 50-59

No. examined 236 331 343 323 306 299 281 222 213 217

Average age 54.6 54.7 54.5 54.4 54.5 54.2 551 554 3353 54.3
Trace, 1+ glyco E 2.72 4.66 2.79 6.21 8.03 1.78 1.80 0.94 3.23
2+ - 4+ glyco 5.51 2.42 1.17 2.79 327 5.69 2.49 1.35 1.41 1.84
1+, 2+ prot - - - 3.10 2.61 4.35 2.85 4.05 3.76 1.38
3+, 4+ prot 7.20 332 321 0.00 000 033 0.36 0.45 0.47 0.00

Age 60-69

No. examined 133 228 276 284 292 263 258 248 259 249

Average age 63.7 63.5 63.7 63.9 64.3 64.3 64.6 64.3 64.4 64.3
Trace, 1+ glyco - 3.95 6.16 3.52 8.90 6.84 543 1.61 3.09 3.61
2+ - 4+ glyco 6.77 3.07 3.99 3.17 342  3.80 2.71 1.61 232 3.21
1+, 2+ prot - - - 6.69 5.48 4.94 7.75 8.47 8.11 6.43
3+, 4+ prot 11.28 3.95 6.52 0.00 0.34 1.14 0.39 0.40 1.54 0.00

Age T0+

No. examined 16 40 56 82 90 98 130 171 182 190

Average age 729 73.9 72.9 73.3 73.6 73.4 137 73.9 74.6 75.0
Trace, 1+ glyco - 5.0 5.36 6.10 14.44 13.27 5.38 0.00 4.95 3.68
2+ - 4+ glyco 12.5 - 0.00 0.00 2.22 3.06 4.62 2.34 2.75 5.79
1+, 2+ prot - - - 9.76 8.80 11.22 1231 12.87 15.38 11.58
3+, 4+ prot 25.00 15.00 12.50 0.00 2.22 1.02 0.00  0.58 2.20 2:1.1
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APPENDIX TABLE 1 (Continued $:% )

Cycle
1 2 3 4 2 6 7T 8 9 10
Nagasaki Female

All ages

No. examined 1716 2443 2480 2392 2285 2030 2136 2000 1966 1805

Average age 37.5 39.4 414 43.1 448 46.4 48.5 50.1 51.7 53.2
Trace, 1+ glyco - 0.49 0.93 1.46 1.44 3.00 0.70 0.70 0.81 1.33
2+ - 4+ glyco 1.69 0.53 0.65 0.84 1.09 1.38 0.94 0.50 1.37 0.94
1+, 2+ prot - - - 2.88 3.50 3.74 3.46 3.80 4.78 4.49
3+, 4+ prot =P | 2.21 2.38 0.21 0.13 0.10 0.28 0.30 0.61 0.55

Age <30

No. examined 517 451 349 261 176 115 70 35 3 0

Average age 23.1 24.4 243 25.0 25.8 26.6 27.4 28.5 29.0 -
Trace, 1+ glyco - 0.67 0.29 1.15 1.14 0.87 0.00 0.00 0.00 -
2+ - 4+ glyco 2.71 0.44 0.57 0.77 0.57 1.74 0.00 0.00 0.00 -
1+, 2+ prot - - - 2.68 2.27 2.61 0.00 0.00 0.00 -
3+, 4+ prot 211 1.33 1.72 0.38 0.00 0.00 0.00 0.00 0.00 -

Age 30-39

No. examined 566 1071 1032 902 752 519 351 248 209 144

Average age 33.8 33.9 34.7 353 35.8 36.1 35.7 35.6 35.2 35.9
Trace, 1+ glyco - 0.09 0.78 0.78 133 2.70 0.85 0.81 0.96 2.08
2+ - 4+ glyco 1.59 0.00 0.29 0.22 0.27 0.58 0.00 0.40 1.91 0.00
1+, 2+ prot - - - 155 2.13 2.70 1.99 2.82 2.39 2.78
3+, 4+ prot 4.06 1.31 1.26 0.00 0.00 0.00 0.00 0.00 0.48 0.00

Age 40-49

No. examined 271 381 488 582 701 763 929 898 800 622

Average age 44.1 43.7 43.7 43.6 43.6 43.7 438 447 453 46.0
Trace, 1+ glyco - 0.79 0.61 L2 1.71 341 0.65 0.89 0.25 0.80
2+ - 4+ glyco i 0.52 1.02 0.69 1.14 1.70 0.65 0.45 0.63 0.64
1+, 2+ prot - E - 273 2.28 2.10 1.95 2.34 3.38 0.16
3+, 4+ prot 4.80 2.89 2.66 0.17 0.29 0.00 0.00 0.00 0.13 0.80

Age 50-39

No. examined 215 309 308 308 303 282 372 406 513 602

Average age 54.3 54.5 54.6 54.3 54.4 54.2 53.6 53.8 53.6 537
Trace, 1+ glyco - 0.97 0.65 1.30 0.99 1.77 0.54 0.25 0.97 0.83
2+ - 4+ glyco 0.93 1.29 0.32 1.62 2.64 1.7 2.15 0.25 1.36 1.33
1+, 2+ prot : - . 4,22 3.63 5.32 3.76 3.94 234 4.15
3+, 4+ prot 11.16 4.85 4.22 0.32 0.00 0.71 0.81 0.74 1.17 0.66

Age 60-69

No. examined 115 168 219 245 235 232 256 244 247 253

Average age 63.9 64.0 63.8 64.0 639 64.3 64.4 64.5 64.4 64.2
Trace, 1+ glyco - 0.60 2.74 2.86 2.13 3.88 1.56 1.23 0.40 237
2+ - 4+ glyco 0.87 238 1.37 2.04 1.28 1.72 1.56 0.82 2.43 0.79
1+, 2+ prot . - - 3.67 6.38 4.74 6.25 6.15 10.53 7.11
3+, 4+ prot 10.43 1.79 3.20 0.82 0.43 0.00 0.39 0.41 0.40 1.58
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APPENDIX TABLE 1 (Continued #; &)

Cycle
1 2 3 4 5 6 7 8 9 10
Nagasaki Female
Age 70+
No. examined 32 63 84 94 118 119 163 169 194 184
Average age 133 73.7 74.1 73.9 73.7 744 74.8 74.7 749 74.8
Trace, 1+ glyco - 1.59 3.57 4.26 0.85 5.04 0.00 0.00 3.09 2.72
2+, 4+ glyco 0.00 1.59 238 213 254 0.84 1.23 1.18  2.58 1.63
1+, 2+ prot - . - 1064 1525 1429 1166 10.06 1237 11.41
3+, 4+ prot 37.5 7.94 8.33 0.00 0.00 0.00 1.23 1.18 1.55 0.54

a For cycle 1, glycosuria was recorded as trace or greater.
BIEBII2VTR, BRIEAREXE T EELTRRGSh TV,

b For cycles 1-3, proteinuria was recorded as trace or greater.

Hm1-3FMICowTHE, BRAREIEHER—XE I L LTRESATVS.

APPENDIX TABLE 2 OBSERVED AND ADJUSTED MORBIDITY RATES (CASES/100) FOR

DIABETES BY AGE, CITY, AND SEX

T4 2 WERB OB R RN E (FEM /100): Fis, #hH, kUL

Cycle
1 2 3 4 | 6 7 8 9 10
Hiroshima Male
Age <40
Observed Incidence - 1.0 i e 3 .6 k) .8 .0 o
Adjusted Incidence - 25 4 1.2 8 1.7 1.3 2.0 .0 1.8
Observed Prevalence S 1.2 1.1 1.7 1.9 2.1 1.8 23 2.0 2.6
Adjusted Prevalence - 27 14 2.5 2.4 3.1 2.6 43 2.0 37
Age 40-49
Observed Incidence - 4 .6 2.0 1.3 9 .9 1.1 1.0 8
Adjusted Incidence . 1.7 13 3.8 2.6 1.7 1.8 2.1 2.0 1.3
Observed Prevalence 1.8 14 2.6 3.4 42 3.4 4.6 4.8 4.3 3.2
Adjusted Prevalence - 1.8 3.2 5.2 5.4 4.2 5.4 5.8 A3 5.8
Age 50-59
Observed Incidence - 2.7 8 2.5 1.6 1.8 1.8 1.0 1.7 6
Adjusted Incidence - 33 16 5.0 3.3 3.7 3.7 2] 3.4 1.2
Observed Prevalence 3.5 50 4.7 6.4 6.2 f % 8.5 8.2 8.8 8.6
Adjusted Prevalence - 77 54 8.8 1.7 9.2 102 92 104 9.2
Age 60+
Observed Incidence - 3.4 8 1.6 1.8 2.5 1.5 1.0 1.5 1.2
Adjusted Incidence - T8 L.} 3.6 4.0 5.3 34 2.2 3.4 2.6
Observed Prevalence 6.3 63 6.8 8.2 90 11.1 117 117 126 13.1
Adjusted Prevalence - 104 7.8 100 11.1 139 134 128 142 143
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Cycle
1 2 3 4 5 6 7 8 9 10
Hiroshima Female
Age <40
Observed Incidence - % 1 1 3 2 2 3 3 0
Adjusted Incidence - 3 1 3 ol S 4 6 8 0
Observed Prevalence 3 4 3 4 4 .6 g3 L1 10 4
Adjusted Prevalence - B 4 5 8 9 J 14 14 4
Age 40-49
Observed Incidence - 4 3 6 10 3 2 k) 3 4
Adjusted Incidence - 1.0 & 34 23 6 S D .6 9
Observed Prevalence 6 i B 12 20 18 14 13 14 1.9
Adjusted Prevalence - 13 11 20 33 22 17 16 18 24
Age 50-60
Observed Incidence - 8 .6 SN 9 6 by 6 3
Adjusted Incidence - 18 12 11 24 19 13 15 12 6
Observed Prevalence 2 22 25 28 31 39 41 41 40 3.5
Adjusted Prevalence - 32 32 34 44 49 48 49 46 3.8
Age 60+
Observed Incidence - 14 B 1.0 2. 13 9 4 8 7
Adjusted Incidence - 30 12 22 25 28 19 J 1.8 14
Observed Prevalence .20 3.1 3.1 40 48 59 60 6.1 62 538
Adjusted Prevalence - 46 37 51 6.1 73 T0O 64 70 65
Nagasaki Male
Age <40
Observed Incidence - 1 1 0 5 2 3 - - -
Adjusted Incidence - 3 3 D 1Z 6 8 - - -
Observed Prevalence 0.0 1 2 0 i 2 9 0 0 .0
Adjusted Prevalence - 3 4 0 1.3 6 14 O 0 0
Age 40-49
Observed Incidence . | 0 8 .0 W, 0 - - ¥
Adjusted Incidence - 1.3 £ L6 O 14 0 .0 - .
Observed Prevalence 9 10 11 20 2 14 .8 ) 9 11
Adjusted Prevalence - 16 1.1 2.8 8 2.1 3 k| 9 13
Age 50-59
Observed Incidence - 9 5 0 1.0 g 0 - - -
Adjusted Incidence - 18 1.8 0 20 14 .0 - - -
Observed Prevalence 4 9 14 b6 26 27 28 14 9 9
Adjusted Prevalence - 1.8 24 6 36 34 28 14 9 9
Age 60+
Observed Incidence - 15 .0 H 13 8 .0 . - -
Adjusted Incidence - 34 0O 12 30 19 .0 - - -
Observed Prevalence 2.7 26 21 24 39 33 36 40 29 34
Adjusted Prevalence - 44 21 3.1 55 43 36 40 29 34
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APPENDIX TABLE 2

(Continued #t % )

Cycle
2 3 4 5 6 7 8 9 10
Nagasaki Female
Age <40
Observed Incidence 0 1 J .0 .0 0 - - -
Adjusted Incidence 0 2 2 .0 .0 0 . - -
Observed Prevalence 0 1 2 2 3 3 4 .0 .0
Adjusted Prevalence .0 2 3 2 3 . 4 .0 .0
Age 40-49
Observed Incidence 5 4 5 6 3 1 o E -
Adjusted Incidence 12 10 12 14 6 2 s - -
Observed Prevalence 8 .8 9 1.1 .9 .8 9 4 3
Adjusted Prevalence I 14 16 19 L3 9 10 4 3
Age 50-59
Observed Incidence B 13 3 14 R 0 . - -
Adjusted Incidence 14 29 J 30 16 0 - - -
Observed Prevalence 10 16 19 36 35 24 20 18 1.5
Adjusted Prevalence 1.8 32 23 52 44 24 20 18 15
Age 60+
Observed Incidence 13 1.0 0 6 6 2 - - -
Adjusted Incidence 27 2.1 0 12 12 3 - - -
Observed Prevalence 13 26 24 23 37 40 39 38 27
Adjusted Prevalence 27 37 24 29 43 43 39 38 27
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