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URINARY FINDINGS OF CHILDREN EXPOSED IN UTERO TO THE ATOMIC BOMBS
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HIROSHIMA AND NAGASAKI

= B

INTRODUCTION

Renal damage is a serious complication of exposure of the
kidneys to X-rays.' The severity of detectable renal
damage depends upon the dosage of X-rays and can
vary from transient alterations of blood flow which are
difficult to detect to severe renal insufficiency and
L2 Although the kidneys

of adults are considered relatively radioresistant, animal

hypertension leading to death.

experiments have demonstrated a much greater suscepti-
i 3
bility in the newborn.

Kidney damage by ionizing radiation from the Hiroshima
and Nagasaki atomic bombs has been searched for in
many studies of ABCC.*" Urinalyses and blood pressure
data for adults have shown no differences related to
radiation emosm'e.d'"i A small but not statistically
significant increase in urinary tract infection was found in
Hiroshima women within 1400 m from the hypocenter at
the time of the bombs (ATB).” A report of the urinary
findings of a group of Hiroshima children, some of whom
were exposed to the atomic bomb, including a small group
exposed while in utero, described a statistically significant
increase in urinary abnormalities in girls corresponding to
their radiation exposure.® These abnormalities were tran-
sient, and differences in persistent abnormalities were not
significant among the comparison groups. A study of
Nagasaki adolescents who were in utero ATB did not
reveal significant differences in urinary findings according
to exposure to radiation, but the groups were small.?

The present study analyzed the results of urine examinations
conducted on a sample of Hiroshima and Nagasaki
children who were in utero ATB, some of whom received
significant radiation doses, and who were still living in
the cities. These data are from a continuing detailed
health study of these children which began in 1952. The
data here extend through 1961, for ages 9-16 years.

SAMPLE

The sample of in utero subjects in this study was established
in 1955 and revised in July 1959. It is composed of
1265 subjects for Hiroshima and 305 for Nagasaki in
three categories according to their location ATB: less

£ B

#

T

W ICa A XEBBE o B oA L SHFE L LT HERE A
B ﬁmu&@dmﬁmﬁﬁm,xﬁmﬁﬁuﬁﬁ
A A, ﬁthE%Mf%&w"F.—ﬁW&Mﬁm
kA 6 W L AR A, Eirurfl‘ﬂ.} Tl
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Hi BT LHTH - 20

A G IIR B WAL, KR & B TRBE BNz Y
Ao EAREET, HAETHNIZEELTw I REOF A
SWTIT A s hBREOER2z®BFLZLOTHE. 20
s RoMEEEsZ I AELS L. C0ERIE,
AEOFHtica LTI9RMFELIREah T e 2l
BREED—% & LR LNE, 2R TERIE19624
FTOLO, Thbb, VEILIEEFTOENTHAS.
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than 2000 m; 3000-4999m; beyond 10,000m from the
hypocenter or not in the city ATB. The group at less
than 2000 m includes all known eligible subjects in this
distance category. The three categories are matched
for sex and month of birth (Hiroshima) or month of
gestation ATB (Nagasaki).

The urinalysis data were obtained at annual examinations
from 1955 (at age 9 years) to 1962 (at age 16 years).
Table 1 shows the number of urinalyses by age of subject.
These data are based upon tests reported for proteinuria
which correspond closely to the actual number of urine
specimens examined. In Nagasaki, the lowest proportion
of subjects with urinalyses, 55.7% of 305 subjects,

4999m, B E 1 10,000m LIE & 3 v 3 E R A 2
WA 2E, 2000mREREICIE, ZOHEBEXEIZL A
EHBLTWAINTOHBYEFSThTwa.
OB, FhFRENSEIUHREER (EE) 550
(TIEMRH &6 (B ) B A E T 2 £ 512 LT H 5.

ZMm3D

19554F ( 9 @EbR) A0 519624 (16651 ) T TOHERBE TR
HOENTVAMRER& AT LA, RIEOEBIN G
Fliomd., ZZIALAERL, EAlERE 0T
WTEY, MEOERLIZLALFAILTHE, BEOL
RETHREET S -G BRLEY - 20139 K2
BIZE 5 305 55.7%TH Y, BEARETHE 1

TABLE 1 PROTEINURIA EXAMINATIONS, PER SUBJECT IN THE PE 86 SUBSAMPLE*
BY CITY AND AGE AT EXAMINATION

#£1 REARE, PESSHEMA: £k - MAEEHE

. Age at Hiroshima & & Nagasaki f W
< inati —_—
Gfrswp  Number % % Number # %
(1265 Subjects & ® ) ** (305 Subjects 4 &)
9 263 20.8 29.7 170 55.7
10 682 53.9 771 280 91.8
11 603 47.7 68.1 298 97.7
12 619 48.9 69.9 294 96.4
13 684 54.1 77.3 290 95,1
14 934 73.8 270 88.5
15 866 68.5 263 86.2
16 780 61.7 247 81.0

*  As defined July 1959, The Hiroshima subsample was increased by 380 in 1959,
19594E 7 AIZEE. IER O IZIZ 19505 Z3B0NEM s h 2

** Based on 885 subjects (1265-380)

B85 A A R A (1265 -380) (24T ¢
occurred at age 9 years and the highest, 97.7% is
found at age 11. Except for examinations at 9 years the
proportion examined exceeded 80% for each year of age.
The low proportion of subjects with urinalyses at 9 years
is because the In Utero Study sample was not established
until 1955 while many of the Nagasaki subjects reached
age 9 in 1954 and were not examined at that age. The
number of urine examinations at each year of age in
Hiroshima exceeded that for Nagasaki, but the proportion
of subjects examined at each age is considerably lower.
The very low proportion of subjects with urine examinations
prior to age 14 is due in part to the number of in utero
subjects under study in Hiroshima having been increased
by 380 in the 1959 revision of the sample (at age 14
years). When the percentage of subjects with urine
examination prior to age 14 years is recomputed based
on 885 study subjects instead of 1265, examinations at
age 10-13 were 70% complete. At age 9 years the
examinations were 30% complete for the same reason
as in Nagasaki.

DIFUEROT.7%THE, IEBRELRVTIE, B
ROBSIEHEBORL LTH . IEIFIZHRIRETL -
L EHOBEHEGDIE, FENEE RS A H195F
ZHMBTHREENLZOUIAL, EEOMNBEHFOE LT
TIZI9MEIZIFIIE LT AT, IEBBEITE
b lthThd, KBTI, SEBBEORBERF
Uzl E LR34, BELITE- 2 REOF ST
ZNEe. MENAToREOH & EVoIE, 19590
EAEERE (a0 IZIEB B3NSR L HEN R
HOREIBOFHEML 22 & o —EERS 5. 4L
R ET L A REOEFEOFHE %, 12656 T
2, BESIIETVTITAS &, 10-1BEE TORE
HIZT0%I12% 5. RWEFE CEET 9RO RERII0%
Ths.



TABLE 2 PROTEINURIA TESTS, TOTAL AND AVERAGE NUMBER PER SUBJECT IN THE PE 86 SUBSAMPLE*
BY CITY AND DISTANCE, 1954-62

- APy * s
#£2 REAREOHBE & PESSHEEAE : 1AL 0P E K. #d - MR, 1954 - 624
Distance JiBE m
Not-in-cit
<1500 Lk 1500-1999 L 3000- % ¥ o
00-4999 it
Hiroshima Subjects #f 8# 169 266 432 398
IE f Tests HAK 802 4.7 1142 4.3 1502 3.5 1985 5.0
Nagasaki Subjects * 8% 37 65 101 102
il Tests HEH 277 75 472 7.3 713 7.1 650 6.4

* As defined July 1958, 19599 7 A 12ig .
** Average number of tests per subject (maximum possible tests-8)

HRELAGEZDOTEHMEL (RETRMIERKE)

In Nagasaki, all of the 305 subjects had at least one
examination during the 8-year period. In Hiroshima,
1147 subjects or 90.7% had one or more examinations
during the same period. A comparison of the number of
subjects examined each year with the number of proteinuria
tests performed indicates that only an occasional subject
was examined without urinalysis. the

maximum number of subjects examined at a given age but

In Hiroshima,

without urinalysis was 7 at age 12 years. The maximum
number of missing urinalysis test results in Nagasaki
was 3 at age 16.

Data for proteinuria generally becomes more complete as
distance from hypocenter diminishes (Table 2). If every
subject had been examined and tested each year an
average of 8 tests per subject would be available. Thus,
for Nagasaki subjects in the nonexposed group, an average
of 6.4 tests per person were performed (i.e. testing was
80% complete). This improved as distance diminished
and for those within 1500 m there were 7.5 tests per
person for a completeness score of 94%. In Hiroshima
the average number of tests per subject decreased from
5.0 (62% complete) for nonexposed subjects to 3.5 per
subject (44% complete) for the 3000-4999m group, and
then increased to 4.7 tests per subject (59% complete)
for those within 1500 m.

METHODS

Casual urine specimens were examined until October
1960 in Nagasaki and November 1961 in Hiroshima
when clean voided specimens were collected from women.

Until June 1960 sulfosalicylic acid (Exton) was used to
test for protein in the urine and positive reactions were
confirmed with the nitric acid ring test. In Hiroshima
the result of the nitric acid test was coded, but that of

EWTid, f#8F 306 A0+ RTHI08EMIZL LS
EH1IMFBZLTWS, KRB THINREFIUTAT LS
9Q0.7%A oM UEMBIz1Es 3 EERUERZRBLT
WA, FEEIISTAZRER EREARERO LRI
EhiE, BRLTEBRRE22H T AVWHRE T A
HrlzTEan. EROMSRHFTCEERBFOZLENORT
FHEILEIRBREEZZ LB RLEI DR
EFEOTATHE- . BEIZETHEREZ T 2d
EEFSRLEVORIGERFOIMTS 5 /2.

JRICREEAHRTEE, BOHMIIECEFEEERCTLD
NTWwa(%2) @XREFEIFBERELZITLHEE,
WEFELAL LY OPEHBEHESEIIES. Z0LI
ZLT, HEEEEBRBoMRHE TR, 1 Ao EFY
6AMOMEET L -2 (T4bb, BELNRTERETSH
B), THIZHEBENC 2513 EE RN, 1500 m FiEHF
TE1A2 & 7.5 HOBREAMTE b, UBHOFERE
Thad. BEIZHFLTE, HEHELALL>DVLTOFER
Aol Er, B E TE.0 (62%5%E4a) 4 53000 -
4999 m B T 3.5 (44% 554 ) (2HL L, 1500 m i 4R 0f
RETAT (59%5EE)IZBINT 5.

5k

FWIZH 0 TIZ1960F10H £ ©, ERIZHVTIZ1961F
NAZCHIAEEZRBELVTREFEM LTS, 20#%
BRHFIz2nTHRS LG CHREAE RO THRELL.

1960 6 H & T, WP EABRBIZAL 74 1) F L&
( Exton ) &{FH L, BHEKICEHEEGRBEECHEZL
Tk, KETREEREORREL - FLAZDIZXL,
EWTEMBHRED AL 7, ) FLERTEORE L 2



the sulfosalicylic acid screening test was coded in Nagasaki.
In July 1960, combistix were substituted for sulfosalicylic
acid. Positive reactions continued to be confirmed with
nitric acid, but the latter result was used for coding in
Hiroshima whereas the result of the screening test was
coded in Nagasaki. For combistix as well as sulfosalicylic
acid, some faint trace tests were negative when tested
with nitric acid. Trace tests were not analyzed.

Benedict’s reagent was used to test for sugar until June
1960 since which time the urine has been tested first
with combistix and positive tests confirmed with Benedict’s
reagent. The result of testing with Benedict's reagent
was used for coding purposes. This procedure was
adopted because some faint-trace results appeared slowly
with combistix and were difficult to interpret. Some of
these slow appearing tests were negative when Benedict's
reagent was used.

Urine sediment was microscopically examined following
centrifugation of about 15ml of urine at 2000-3000 rpm.
The number of cells or casts seen per high power micro-
scopic field were recorded.

RESULTS

Proteinuria The proportion of tests positive for protein-

uria (1+ or higher) was similar for boys and girls in
Hiroshima, and rose with increasing age (Table 3). In
Nagasaki, the results of testing differed by sex, the
prevalence of positive tests remaining fairly constant
between 11 and 16 years for boys while for girls prevalence
was higher at age 11-13 years than at earlier or later
examinations. Proteinuria was first detected at an earlier
age in girls than in boys in both cities. At age 9 years
about 2%-3% of girls were positive for proteinuria while
the condition was absent in boys until age 10 in Hiroshima
and 11 in Nagasaki.

Examination of the data by exposure distance suggests
that the prevalence of proteinuria may be increased in
girls within 1500 m of the hypocenter. The period of
increased prevalence is most pronounced at 13-14 years
of age.

A total of 16 distance comparisons (8 age groups in
each city) can be made for girls when the data are
examined by city and age at examination. Of these 3
were significant at the 5% level(including one difference,
Hiroshima girls age 13 years, which was significant at
the 1.0% level). In two of the three significant comparisons,
the prevalence of proteinuria in subjects within 1500 m

FLA, 1990 E7THAE X AL 743 FLEORLY 2
Combistix M+ 3 23124 -4, MIERGIESIZY
WETHERZ2T -2, BEETCRIEREMBEBEED
Combistix MENER T —FL, ERTHEHEABRED
FEI-FLA, AN744Y FUEEE XU Combistix
TEbHTHREOEBRIE2 RT4 ooz, HEE
BTBRELLIEONE S ENEGERTIZED X
i

19604F- 6 B £ TIEBE M 712 Benedict ARBEEZHFH L T
F=. FRRIEE, FE#c Combistix THIFE L, FMERE
AR L72Y@0 Benedict RBEICE DV HERE VI L1
- 7. Benedict BB LAHEHEREZ I - FLAA, Z
it Combistix TEBEIGY W - { VB b, HEHH
BAMAiHp2-0THA. Benedict ME R HH L 15
G, ZOLHIERBIP - VEbhIMENFEEL R
LEdoiEFH5.

R SEMEREIL, R15ml % 1 5822000 — 3000[4 iE
TEEL TR A&V TiT a2 - 2. mMERSLHERR
PMEEEE ALY oNE R LA

R

EBRR EARWBHYHBIE(I+ULE) T E0E S
I3, BB THRL L IZEULTLT, E@E L
CERTA(£3). BB s T EBESR M X
WRLEE. Tabb, 11-16% % TOBFOREERIL,
BBMERICOBEEF 220 —-FELTWwa., LdL, K2
B ABUE, 11-13EMEAF 20k OB LD & v,
EARARODIIBDONAFREAS LT L BTk
DEFICR{EREN. IR IILTOHN2%-3%13
BEORBEBETH- 28, BT TRESTIH, BEWT
FE TEARRBD LD 5 1.

BLH A 5 QBRI CER L RAT L AR, EOROM
FEAZAR LA 5 1500 m SR THOS L FicEmL Tw
ZIEERBLTVE. HEOHMML o013 - 1460
A EE L.,

RFOHEH MNP 2ERERD TR 0E, &F
1640 (Wi & & 8 DMK 4y BF ) O R IERERI FL gt 7 T
3. tMIHILE3IONESYDBHETERETH (2
itk 1l 0%ofEECHEEZE R LABEROLESD
LFOBELED). ABEER L3200 b
2oltEVTIE, BOMASS1500m & THE L AR



TABLE 3 PREVALENCE OF PROTEINURIA BY CITY, SEX, AGE AND DISTANCE
RBRROFHFGE: &l - £ - MR

Age at Male % Female #
Can—agory h.xa::mnalmn Total Distance #i#f an-in_-ug Total Distance §5R8& Not-in-city
S il 1500-  3000- WATE  ®E T ysgg.  gee0-  MATE
<1500m 1999 4999 <1500m 7999 4999
Hiroshima [Z &
Subjects 9 143 36 47 45 15 120 35 42 32 11
R 10 360 56 63 70 171 322 40 60 57 165
11 322 52 60 61 149 281 40 54 55 132
12 334 h2 T2 68 142 285 36 58 61 130
13 367 53 78 76 160 317 40 63 71 143
14 494 T2 101 170 151 440 61 91 165 123
15 467 67 100 154 146 399 56 86 151 106
16 423 57 90 135 141 357 49 1o 131 100
Proteinuria ] 0 1] 0 0 0 2 ] 0 1
HEREE 10 2 0 0 0 2 2 0 2 0 0
11 11 0 1 H 5 17 4 4 5
12 4 1 1 2 19 2 1 13
13 20 3 3 5 9 27 10 6 3 8
14 37 5 11 11 10 38 10 5 11 12
15 39 8 6 13 12 23 5 8 6 4
16 41 9 5 14 13 26 7 6 11 2
% 9 0.0 0.0 0.0 0.0 0.0 1.7 2.9 0.0 0.0 9.1
10 0.6 0.0 0.0 0.0 1.2 0.6 0.0 3.3 0.0 0.0
11 3.4 0.0 1.7 8.2 3.4 6.0 10.0 T.4 7.3 3.8
12 2.4 T3 1.4 1.5 1.4 6.7 8.3 3.4 1.6 10.0
13 5.4 5.7 3.8 6.6 5.6 8.5 25.0 9.5 4.2 5.6
14 7.5 6.9 10.4 6.5 6.6 8.6 16.4 6.5 6.7 9.8
15 8.4 11.9 6.0 8.4 8.2 5.8 8.9 9.3 4.0 3.8
16 9.7 15.8 5.6 10.4 9.2 7.3 14.3 7.8 8.4 2.0
Nagasaki E

Subjects 9 a5 17 36 42 0 75 19 27 20 0
HikEE 10 152 17 36 47 52 128 20 27 34 47
11 159 17 37 53 52 139 19 25 47 48
12 159 17 37 53 52 135 20 23 46 46
13 156 17 37 51 51 134 20 25 47 42
14 149 16 36 49 48 121 16 22 43 40
15 145 15 36 47 47 118 19 19 40 40
16 132 13 30 44 45 115 15 19 41 40

Proteinuria 9 1] 1] 0 0 2 1] 1 1
A BB 10 0 (] 0 0 0 3 0 1 1 1
11 7 0 2 3 2 15 2 1 5 7
12 10 1 1 3 5 13 o 2 4 5
13 9 0 1 2 6 15 3 3 5 4
14 12 0 2 3 7 T 3 0 0 4
15 6 U] ] 2 4 6 0 1 0 5
16 9 1 1] 1 T 4 0 0 1 3

% 9 0.0 0.0 0.0 0.0 2.7 0.0 3.7 3.4
10 0.0 0.0 0.0 0.0 0.0 2.3 0.0 3.7 2.9 radi |
El 4.4 0.0 5.4 5.7 3.8 10.8 10.5 4.0 10.6 14.6
12 6.3 5.9 A 5.7 9.6 9.6 10.0 8.7 8.7 10.9
13 5.8 0.0 2.7 3.9 11.8 11.2 15.0 12.0 10.6 9.5
14 8.1 0.0 5.6 6.1 14.6 5.8 18.8 0.0 0.0 10,0
15 4.1 0.0 0.0 4.3 8.5 5.1 0.0 5.3 0.0 12.5
16 6.8 T 0.0 2.3 15.6 3.5 0.0 0.0 2.4 7.5




exceeded that for each of the other distance categories,
one at age 13(Hiroshima)and the other at age 14(Nagasaki).

Since subjects with positive test results at one examination
will more likely be positive on reexamination than subjects
with negative test results, the apparent consistency of
results at several ages may be misleading. Therefore,
the data were reexamined by classifying each examined
subject as positive for proteinuria if at least one test was
reported positive and negative in the absence of a single
positive test. While the results were essentially negative,
the Hiroshima female data are reported in view of the
previously noted higher prevalence of proteinuria at
various ages. In the within 2000m category, 38 or
20.1% of Hiroshima females were positive compared
with 25 or 13.5% of the 3000-4999m subjects and
28 or 15.6% of the not-in-city group. The differences
were not significant by X * tests.

Persistence of positive tests for proteinuria was similarly
examined, persistence being defined as two or more
positive tests reported. Since the likelihood of persistence
being found increases with the number of tests reported
the direct method of adjustment for distribution differences
in the number of examinations reported was used to
eliminate the effect of the more frequent examinations
observed for subjects within 2000 m. The highest
proportion of persistence in Hiroshima females was
11.2% in the group within 2000 m compared with 4.9%
and 6.1% in the 3000-4999m and not-in-city categories
respectively, the difference being suggestive (.1>P>.05).
Thus, both the percentage of subjects with positive test
results and the percentage of persistent positive tests
were highest in those within 2000m, but only for the
latter was there statistical indication that the differences
might be real.

The only exposure group pattern seen in boys is the
higher prevalence of proteinuria in Nagasaki boys who
were not in the city ATB. Of the 16 possible age-city
specific distance comparisons, none were significant at
the 5% level.

If exposure to radiation in utero within 1500m increased
the likelihood of finding protein in the urine during
adolescence, as may be the case for females, then the
length of gestation of the fetus at the time of exposure to
radiation becomes a factor of interest. The study subjects
were divided into two groups, those born on or before
31 December 1945 (i.e. irradiated during the last 5
months of intrauterine life), and those born in 1946
(irradiated during the first 4 months of intrauterine life)
and the exposure group comparisons repeated (Table 4).

HZOBRAROEEFBYOVWThoESEELY G, 12
FISEEME (RE), 29 1o R (B c#nons.

FE1ROBETCREABEE T LAGRESL, T0#%
OBET LB L R TRk EEH kT 20T,
BEMIIL A THEBC—HE P22t a S
T, Lado T, EEKEHIIOVT, 1HoBETE
Bt @G s ~AHrBEARBEE LT, £/, 1ME
PR IE A G kB & B L TEH A ENET L.
FORMBEIZIEAFEENZLOTHS 24, ILEOK
FIZIZRTEO & 5 CEFEEHICE O THOIREE v 2
LABRBLNEZOT, ZOHIIHTIBREERSTLS.
HEIZEH T 24 F Tk, 3000-4999m @ 8250 + &
HH13.5%, HFLUMMNIZ WL h o ZR8HTLEHE
15.6% AT & - 2oz, 2000m #if O FF T
JH T 4 b2 1% D BETH L. X2 REOCKRT
BHEEER b 5 .

PR IGAT 2 Ml d 3 v 2 0l EIRw 5N 2 & O & FFi
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BioEsTHELA, EEOKF Iz TRHEE O8N &
ARELHOOE00m£HENL.2%T, THIHNLT
000-49¥mB EH L UHHNIZOE - 2WAELLTRH
4.9% 3L 6.1 % Thol. FOEIIREN(1I>P >
N05)Thd. ZOrHlz, BEBREIBETHINERE
OETELS S UBEER0FRO gyEIL, TR
W0mEFBEHIRETH LY, BEHCHLTOERD
ZAHHE LILa v,

BB 6 M- 0 BIR BRI L, S TR R
TN LR ERFICELT, BOREE Y SS -
FITETHL. FMEATAHE L 6L R - #0002 R
v tfhizbou i s %ofilEEofTEEE 2 H
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TABLE 4 PREVALENCE OF PROTEINURIA BY SEX, AGE, DISTANCE, AND SEMESTER OF
GESTATION ATB, COMBINED CITIES

#d4 BAROAHF: M- FEp - BRE - HREFOEEMNN, WiaF

5 l-_Agel at : First Semester 818 Second Semester #
“ategory Lxamination -
2 At o g8 15 1500- 3000-  Not-in-city 1500- 3000- Not-in-city
5 wEES  <1500m j559° 4999 mamge  1000M™ 1099 4999 mpri
Male &
Tests 912 141 175 231 316 123 213 208 317
Wi 13-14 83 123 179 216 75 129 167 194
15-16 84 142 205 201 68 114 175 178
Proteinuria 9-12 2 0 4 4 3 5 8 12
E BB 13-14 2 11 13 16 6 6 8 16
15-16 12 4 18 15 6 7 12 21
% 9-12 1.4 0.0 1.7 1.3 2.4 2.3 3.8 3.8
13-14 2.4 8.9 7.3 7.4 8.0 4.7 4.8 8.2
15-16 14.3 2.8 8.8 7.5 8.8 6.1 6.9 11.8
Female %
Tests 912 78 154 151 269 151 162 210 310
AR 13-14 51 107 154 166 86 94 172 182
15-16 54 112 188 146 85 89 175 140
Proteinuria 9-12 1 2 3 13 11 11 13 19
3 A BRI 13-14 11 6 11 11 15 8 8 17
15-16 5 7 14 2 7 8 4 12
% 9.12 1.3 1.3 "2.0 4.8 7.3 7.0 6.2 6.1
13-14 21.6 5.6 7.1 6.6 17.4 8.5 4.7 9.3
15-16 9.3 6.3 7.4 1.4 8.2 9.0 3.3 8.6

Semester effects (First>Second/ Total pairs): Male —1. Female %-. Total 8 |

T L e 72 T I T

Data for Nagasaki and Hiroshima are combined and ages
are grouped to emphasize the previously observed
radiation effect.

The exposure effect in 13-14 year old females appeared
in both semesters, the apparent increased occurrence of
proteinuria in girls in the first semester over those in the
second semester ATB being too small to rule out chance
as a cause. However, it should be noted that proteinuria
appeared to be more common in second semester subjects
in the other comparison groups regardless of age, and if
this tendency were real it would reduce any contrary
semester effects in girls exposed within 1500m. A total
of 24 comparisons of proteinuria ratios by semester ATB
are included in Table 4 (12 for males and 12 for females).
If semester ATB had no effect upon the prevalence of
proteinuria, the first semester prevalence would be
expected to exceed that for the second semester 50% of
the time while this relative relationship between semester
groups was only observed in 8 of the 24 comparisons,
4 female and 4 male. The deviation from the expected
frequency in 24 comparisons is not significant(P =15.2 %)
by a two-tail exact test. :

2 (P =15.2%; exact two-tail binomial test)
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TABLE 5 PREVALENCE OF URINE POSITIVE FOR RED BLOOD CELLS*
BY AGE, SEX AND CITY

£5 R RMEREBE T OBERE: S8 - B

: Age at Hiroshima I B Nagésaki W
Category Examination ———

X 5 BEEEs  Male B Female % Male % Female &
Subjects 9 120 95 75 50
i H 10 300 254 110 98

11 264 207 115 101

12 275 212 122 96

13 349 282 114 69

14 481 418 135 104

15 458 371 138 103

16 413 340 113 109

Red blood cells 9 6 18 18 21
A M ER B 1S 10 36 57 14 37
11 BT 83 31 47

12 53 28 47 50

13 58 86 36 36

14 138 127 49 39

15 105 106 47 30

16 97 111 39 39

% 9 _ 8.0 18.9 24.0 47.0
10 o120 22.4 12.7 32.8

11 21.6 40.1 29.8 46.5

12 19.3 41.5 38.5 52.1

13 16.6 30.5 22.8 39.7

14 28.7 30.4 36.3 37.5

15 22.9 28.6 34.1 29.1

32.6 34.5 35.8

16 23.5

* One or more cells found per high-power microscopic field.

gl I Ny L o MREF 1@ TR ET s MG

Red Blood Cells Urine was considered positive for red
blood cells (RBC) if one or more were found per high-
power microscopic field.

Of the various factors tested for a relationship with the
prevalence of urine positive for RBC, only distance from
hypocenter ATB failed to show a suggestive relationship
(i.e. P>.10). The prevalence of positive tests was related
to city, sex, age(P<.001 for each) and possibly to semester
of pregnancy ATB (.05=P>.01).

The prevalence of RBC in the urine increased with age
for both sexes in Hiroshima (Table 5). This increase
appears to be quite regular with age for boys while a
peaking appears at age 11-12 for girls with prevalence at
subsequent ages continuing at a lower but relatively
constant level. The peak prevalence for girls reached
about 40%. The patterns for Nagasaki boys and girls
resembled those for Hiroshima. The two sexes differed
within each city with the prevalence of urine positive for

FME SHEEINELY2) LES 52200 Lok
MERE b 1238 1B 6, ARIMERFBIE & L 7.

VAW SO RF &R o F MERRS o SR & o B E#E
T, AENLEARETRE LY s EOEBRLOM S 5D
HEEZTE - 2 (P> .10 ). MIEMTE oM L, |,
, FE(&EP= .001) s LU BIREER & MEY &
272 (.052P>.01).
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TABLE 6 PREVALENCE OF URINE POSITIVE FOR WHITE BLOOD CELLS* BY AGE, SEX AND CITY

£6  RebEMIREBE TO AR M- 1 - A
; Age at, Hiroshima & & Nagasaki &
Category Examination ==
5 T Male 5 Female 4 Male 8 Female %

Subjects 9 129 103 70 53
s 10 321 283 121 95
11 273 236 104 96

12 281 - 226 114 106

13 302 239 134 118

14 361 331 104 87

15 369 307 104 92

16 332 266 97 89

White blood cells 9 15 26 13 24
B 1 3R fE 10 57 86 25 34
1 66 112 21 42

12 59 102 39 60

13 11 43 46 75

14 18 40 18 22

15 16 42 13 19

16 16 37 23 19

% 9 11.6 25.2 18.6 45.3

10 17.8 30.4 20.7 35.8

11 24.2 47.5 20.2 43.8

12 21.0 45.1 34.2 36.6

13 36" 18.0 34.3 63.6

14 5.0 12.1 17.3 25.0

15 4.3 13.7 12.5 2007

16 4.8 13.9 23.7 21.3

* Three or more cells per high-power microscopic field.

FWHMESER TS A Vo nRE 3@ VIR ETAIRE

RBC being about 100% higher for girls than for boys
prior to age 14.

Although a greater proportion of tests were positive for
RBC among first semester than in second semester in-
utero subjects at every age except 14 years, there is no
evidence to suggest that this semester effect is any
greater or more frequently seen in subjects within 1500m
than in those at greater distances or not in the city
ATB. It would seem probable that the observed semester
difference is not related to distance from hypocenter.
Contrary to the overall semester comparisons by age, the
prevalence of red cells was higher for second than for
first semester subjects in 58 of 90 city-sex-age-distance-
specific comparisons ( P< .01) (including 10 of 17 city,
sex, age comparisons for the group within 1500 m) the
apparent inconsistency being due to the observed semester
differences being small.

White Blood Cells The coding of the presence of white
blood cells(WBC)in the urine of in utero subjects provides

LIRT I 8F & 0 & o IR vhoofs (i BR B 4 o0 3R IE A7 100 %

wLy,
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REDERMBIZZ BB oML, BRMAICES
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EDH1500mEKMOBME L (HbNRS LRI
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FEEBIL 0BG & LR T, B - HER - SFEReR -
BEEER o Hea90# o» 5 5 5841 RMERT AR & 0 & IR
MR AR M ERPE RS E A o 2 (P< .01) (2O
121500 m SR RE (2 DV TIT % - A FBTHA - 5 - 4l
R 17#lh 00X S50 TH 5). ZoFEIZERAR &
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TABLE 7 PREVALENCE OF URINE POSITIVE FOR CASTS* BY AGE, SEX AND CITY

%7 REAEBE OERE: £8 - 2B
o Exanﬁ%‘;t’i‘fm Hiroshima I & MNagasaki £ #§
E & BEBER Male # Female & Male % Female &

Subjects 9 124 87 ki 42
WA 10 287 209 127 34
11 218 131 124 88

12 241 136 104 63

13 315 214 104 59

14 356 298 94 72

15 361 267 97 T8

16 324 235 81 70

Casts 1] 10 10 20 13
I I 10 23 12 31 23
11 11 T 41 34

12 19 12 29 17

13 24 18 16 16

14 13 T 8 T

15 8 2 6 5

16 8 6 7 1]

% 9 8.1 11.5 26.0 31.0

10 8.0 5.7 24.4 27.4

T g 5.0 5.3 33.1 38.6

12 7.9 3.8 27.9 27.0

13 7.6 3.4 15.4 27.1

14 3.7 2.3 8.5 9.7

15 2.2 0.7 6.2 6.4

16 2.5 2.6 8.6 0.0

* One or more casts found per high-power microscopic field,

g2 18 noMER A IlssvtshilET s la

for two definitions of positive specimens; 3 or more, and
10 or more WBC per high-power field. The data reveal
that urine with very high WBC counts was rarely seen
and that differences in the prevalence of positive urine
tests with age were evident when the lower count
definition was used. The following analysis was based,
therefore, on the prevalence of urine specimens with
WBC counts of 3 or more (Table 6).

in the
prevalence of urine positive for WBC are city, sex and
age. No apparent effect is associated with distance from
hypocenter ATB.
pattern is a high prevalence at younger ages followed by

Factors associated with significant variation

In each city and for each sex the

a precipitous drop to much lower levels at age 13 in
Hiroshima and 14 in Nagasaki. White blood cells in the
urine occurred with about twice the frequency in girls
compared with boys in Hiroshima and Nagasaki.

Casts Urine was considered positive for casts if one or
more casts were present per high-power microscopic field.
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TABLE 8 PREVALENCE OF GLYCOSURIA* BY AGE, SEX AND CITY

#8 WRTOHBE: FR - - BB

Bl E)::\rgneina;tion ~ Hiroshima 1K & Nagasaki %
E4 HEEER Male 5 Female % Male % Female &

Subjects 9 143 120 95 75

W 10 360 322 152 128

11 322 281 159 139

12 334 285 159 136

13 367 317 156 134

14 494 439 148 121

15 468 399 144 118

16 423 357 132 115

Glycosuria 9 6 0 0 0

HBEHRE 10 0 1 1 1

11 1 1 1 1

12 13 8 2 1

13 16 (] 3 4

14 27 15 2 4

15 0 4 1 0

16 5 3 0 0

% 9 4.2 0.0 0.0 0.0

' 10 0.0 0.3 0.7 0.8

11 0.3 0.4 0.6 0.7

12 3.9 2.8 1.3 0.7

13 4.4 " 1.9 1.9 3.0

14 5.5 3.4 1.4 3.3

15 0.0 1.0 0.7 0.0

16 1.2 0.8 0.0 0.0

* 1+ reaction {excludes trace reactions)
L+ bhs (M EGE R

The prevalence of casts differed markedly by age and
city while sex, distance, and semester of gestation ATB
had no identifiable influence (Table 7). The source of
major variation in prevalence was city, with prevalence
in Nagasaki about four times that for Hiroshima when
examinations at various ages were combined. Generally
speaking, the prevalence of casts was lower among
subjects within 1500 m than among those at greater
distances, although isolated high prevalence was seen at
ages 13 and 16 among Hiroshima females who were
within 1500 m.

The prevalence of casts in Hiroshima subjects varied
significantly by age, but the magnitude of the differences
was substantially less than for Nagasaki even though the
latter comparisons were not significant. The general
pattern of age variation was quite similar for the two
cities with the prevalence of casts high at age 9-13 years
and falling to a low level at age 14 years continuing
through age 16. However, the age pattern was much
more sharply defined in Nagasaki than in Hiroshima.

11

MR o 8 1, FEsil, #HHIcFE LR L 5 H,
TR, BERER| & 2 v IZEREE OB £ 5 BE TR
hohiwn(RT). BAAHBIZHS LHEICKELEN D
D, ZEBMEGE LGS, REOHEE LB 4%
THd. BERMIZV T, MEBEOFEE, S0
A aE FRRE I W A & 0 131500 m A 12 v A FHo AR
EEL, BBz TIS0mEMHIc AL FIZ13& s £
P16 I o0 S EE A7 o,

EROMEH Iz 3MHEBEOHE L, EhCERE

REEFTRTH, TOEORESEREBIEETLIVIZE
hbLETREBLRELTLAD DSV, ERHIELD
SR, Wl swTIRIER T, HEBEOR
9 -1BETEm, UETEL LD, 6EET—ET

H5. LAL, FMHOZRILS LY E@BHFHETHS.



Glycosuria Test results fall into two categories, negative,
or trace and 1+. Only one test in 7541 determinations
for the combined cities indicated a higher concentration
of sugar in the urine.

Factors which appeared to be related to the prevalence
of glycosuria were age at examination and city (Table 8).
No relationship was apparent between sex, distance, or
semester of gestation ATB.

The age difference which appeared quite clearly in both
Hiroshima males and females, and which was vaguely
mirrored in the Nagasaki data, showed up as a mounding
The
prevalence of glycosuria appeared to be unusually elevated

of the prevalence curve at 12-14 years of age.

in boys aged 9 years in Hiroshima but the observation was
difficult to explain since the observed prevalence at ages
10-11 years was low. The prevalence of glycosuria was
lower at ages 15 and 16 than during the preceding 3
years of age and raises the question as to whether the
decline is natural or due to methodological variation in
The latter explanation is considered
most likely since the data included trace tests and the
change of method at age 15 was from a nonspecific to
a specific test for glucose.

testing for glycosuria.

DISCUSSION

The present data were derived from urinalyses conducted
at ages 9 through 16 on Hiroshima and Nagasaki children
in utero ATB. Considering each year of examination
separately, proteinuria was more common in both cities in
girls whose mothers were within 1500m ATB. In
Hiroshima, this was apparent at ages 11, 13, 14 and 16
and in Nagasaki at ages 13 and 14. The differences
were statistically significant at age 13 for Hiroshima
and at age 14 for Nagasaki. The data for all examinations
were reexamined to eliminate the possibility that the same
girls could be responsible for the significant differences
repeated at various ages. There was a slight increase
in the proportion of Hiroshima females within 2000m
with one or more positive tests for proteinuria reported,
but the differences were well within the limits of chance
variation. Persistence (two or more positive tests) was
also encountered more frequently among Hiroshima
females, the differences between the three distance
categories, within 2000 m, 3000-4999m and not-in-city,
being suggestive (.1>P>.05).

Analysis of the data according to semester of gestation
ATB suggests that the rates may be higher for those
irradiated during the second half of gestation but the
differences were small and not statistically significant.
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Although the data for boys do not show a statistically
significant relation between proteinuria and exposure
distance it is of interest that in Hiroshima at ages 12, 15
and 16, the group within 1500 m has the highest rates
for proteinuria.

These data suggest that proteinuria may be more common
during adolescence in those children exposed in utero to
the highest dosages of ionizing radiation. The precise
amount of radiation received by the mothers of these
children will always be uncertain, but efforts are con-
tinuing to define this with greater accuracy. A consider-
ation of the range of these dosage estimates has appeared
elsewhere.®'® It is, of course, too soon to determine
whether the possible differences in rates for proteinuria
which appeared during adolescence persist beyond that
period. However, a recent study in Hiroshima on these
same subjects at age 19 revealed persistent differences
related to radiation exposure in boys and girls.w

The significance of this possibly increased rate for
proteinuria remains a most important subject for future
study. Studies of renal damage due to X-irradiation in
man and animals direct attention to the potential serious-
ness of large doses of radiation to adult kidneys with the
development, usually after a latent period of many months,
of hypertensive renal vascular disease."'!’ On the other
hand, recovery from even severe hypertension with renal
insufficiency due to kidney irradiation has been noted,'
thus making it impossible to anticipate the importance of
the presence of proteinuria in early life.

There are, of course, many possible explanations for any
finding which is more frequent in persons located close
to the hypocenters as compared to those farther away.
It is difficult to evaluate the role of socioeconomic
conditions in the years after the bombs. In addition,
urinary infections were somewhat more common in persons
closest to the hypocenter’ and although the differences
were not statistically significant, the prevalence of urinary
abnormalities would be influenced to some degree. The
increased rates of proteinuria found subsequently at age
19 were not explained by the known increase in mental
retardation. '’

It is noteworthy that casts were seen more often from
age 12 onward, in Hiroshima girls exposed within 1500 m
paralleling the results of protein tests. No other findings
on urinalysis were related to radiation exposure. The
yearly variation in rates for excretion of white and red
blood cells, casts, and glucose in the urine by age, sex,
and city are difficult to interpret because of changes in

the technique of urine collection and testing.
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SUMMARY

Data from urinalyses at ages 9-16 were tabulated for
children exposed to ionizing radiation in utero at the
time of the atomic bombs in Hiroshima and Nagasaki in
1945 and for comparable control groups.

Proteinuria was detected more often at various ages in
boys in Hiroshima and girls in both cities whose mothers
were within 1500 m of the bomb hypocenters. However,
the differences were statistically significant only in girls
ages 13 or 14. Casts were also seen more commonly in
Hiroshima girls located at the same distance. Red and
white blood cell excretion in the urine and glycosuria did
not appear to be related to radiation exposure. Future
investigations will be necessary to define the biological
significance of these findings.
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