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AUDIOMETRIC CHANGES WITH AGE IN HIROSHIMA
EBETRSSKhEEBRBICELIIBEIOKL

A Statistical Study
HEREHAE

INTRODUCTION

Studies of physiologic processes that
change with age have been incorporated into
research by the Atomic Bomb Casualty Com-
mission (ABCC) because of the possibility
that total body irradiation accelerates
1 pLife shortening not
associated with specific pathologic

natural aging.

findings frequently has been observed in

irradiated rodents.2

Al though no strong_
evidence supports a nonspecific effect of
radiation on aging in humans,3 the concept
is of sufficient ‘importance to warrant
careful study in atomic bomb survivors.
Blunting of the sensory organs with
advancing age is a well known phenomenon.
Hearing loss, particularly for high tones,
has been extensively studied?® in relation-
ship to aging, and is readily quan tita ted
by means of audiometry. Therefore,
audiometric observations have been recorded
for a group of atomic bomb irradiated and

nonirradiated subjects in Hiroshima.

POPULATION SAMPLE AND METHOD OF AUDIOWETRY

The audiometric study included exposed
and nonexposed subjects receiving general
medical examinations at ABCC as part of a
continuing Adult Health Study. The general
plan of the study has been described else-
where,4 but the subjects selected for
analysis of audiometriec data included
those exposed in 1945 who experienced major
acute radiation symptoms (purpura, epila-
tion, or oropharyngeal symptoms suggestive
of agranuloeytosis) and a nonexposed
population who migrated into the city after

)
il

MO 25 BENT & - T E RN 2 {EE &
NATEEHESH B L5, bk B EED
Tl E AT L2 L AFABCCOFBEFHOL -
A SR T WA, MBS & % - EEY
CEEOBEENFTR AL b L WAGEREN S
52413, BRIzcLIELIEREENTWS. 2 AR
DBA, BEHERAE I EREN L EEL 515
FOSHELHETIEFAMIER I A TIRVEWY
HhEd,? BFREEEREC DV TRELEE
R WA S B S AL o B & - A s SLL S

ERAETIIONTRESRIH 252 L1
BHIORRTH 5. FIoEHTIoA+ 288 HEGR S
Mg & DBFBIZOVTIEMEREVIELFEENRT
BN,Y ZhEBEAHIC L TESICEEMIZH
ETELZLOTHE., 2Ok RA2L, BE
CHITAEBRE LB EO LERI oV TEN
HEoREEMEL .
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the bombing. These groups are designated
group 1 and group 4, respectively, in the
Adult Health Study, but in the present
study will be referred to as exposed and

nonexposed.

Audiometrib studies were performed during
the period August 1958 through March 1959
for all subjects in the study. During this
period 366 exposed and 324 nonexposed
subjects received audiometric examinations.
Subjects in whom a history of ear disease
was recorded, or in whom physical examina-
tion revealed an abnormality of the ears
were excluded from the analysis of aging
change, leaving 290 exposed and 293
nonexposed (Table 1).

TABLE 1

FIERAE 2 B b & 2 OMEHTERER) A - L IEE
BIHEANABE L ZEHBRE L2V, 2ho
EHRARBERE PV TEIAANEBTEE L
BIUEAHOLBRTHRERTWAED, ZITIE
HIIHBE CEHERELIFRILIZITS

BEHEIE L, 19584 8 H & V19593 A% T
OHMOZLHE N LTERELAZ. ZOMMIC,
FEEO S EIC & 2 HME 366% L IERIRE 3UL
AEENMEEZ . BEOREOFIZERAY
holhFP, BEILL-THOEEFER QL
HiEEf o » 5Bt LzoT, BRER
% 2004, FEHBRE 2BHLE L (FL) .

AUD|OMETRY SAMPLE BY PRESENCE OF EAR ABNORMALITY, SEX, AND EXPOSURE

#1 BORFOERE, HAbLUBBORERIIRZFEORES Y 7L

EAR ABNORMALITY EXPOSED R NONEXPOSED JEMME | 14974
EoRY TOTAL MALE FEMALE TOTAL MALE FEMALE +

it 5% ik it Ak =i
PRESENT & 78 29 417 31 13 18 107
ABSENT b3 290 113 177 293 145 148 583
TOTAL Eit 368 | 142 224 324 158 186 680

Audiome try was performed by one nurse,
using an electric audiometer calibrated for
the following frequency ranges: 128, 256,
512, 1024, 2048, 4096, 8192, and 9747
eycles per second. An attenuator enabled
the instrument to deliver sound at varying
intensities up to 20 decibels.
was performed in a soundproof room.
The subject was instructed to hold the
audiome ter receiver close to his ear, and

Audiome try

respond by straightening his index finger
when sound became audible as the intensity
Bo th
ears were tested at all frequenciles,
with the left ear tested first. At each
frequency the hearing threshold was

was slowly increased by the examiner.

de termined during increasing and decreasing
intensity (from inaudible to audible and
from audible to inaudible) and the mean
decibel threshold recorded. Refer to
Saltzman5 for detailed me thods.

BEHMETL AoE#EAFEHENGHZHV
<, ®k 128, 256, 512, 1024, 2048, 4096,
8192 & (F9747H 4 7 L AEE Iz > VW T4 -
. ZOHMITHEREBRICENNTIANVET
fixOBmEOTENT LA TE . FHNE
Mgk En » 5BNTITE - 2. BRE BN
OEEBRYFEILHT, HEEI BRLAIIEEZGLL,
HEryM AR AELRELTAEOBARL 2.
MEIILEE» 5B, WE 220 BEHIZ WV
THELE. BizizwkzsdroEiaEZAhd
T, itz 525520 ABET
A LT s &R T 25N ME =
NT, BFHFINVEMEIEL . BIEHED
Mz oW T iSaltzman® OFFr BRE N0



RESULTS

SPECIFIC CAUSES FOR EXCLUSION FROM THE
SAMPLE It was obvious that the general
medical history and physical examination
in ABCC eclinie had resulted in exelusion of
significantly more exposed than nonexposed
subjects. As shown in Table 1, 76 exposed
and 31 nonexposed subjects were excluded.
The c¢linical records of 102 of the 107
excluded subjects were reviewed as to the
type of abnormallty resulting in their
exelusion. Table 2 summarizes the results
of the chart review, and it is evident
that a history of otitis media or a
physical finding of perforated ear drum was
the most common abnormality, with tinnitus
and deafness next in frequency. Only three
exposed cases were specifically excluded
because of ear trauma due to the atomic
bombing. Although the total number of
rejections was greater in the exposed
group,
both groups and their time relationship "to
the 1945 bombing failed to disclose any
specific reasons for the greater frequency

evaluation of specific causes in

of ear complaints or findings in the

exposed group.

TABLE 2
#2 REOBEESL &

S

YT oHLEEONIER — 95 BE o N
BEPABCCHATORBREIZEIVWTH T
bR LAEHOHIE, FERE L VHREBEEOFH
EBIZZVWZEFT ML LR, T4bb
ZLIIRT L, RED) SHBETOR L
WIREIN LRI E N, A 1072 DOBRINED
35 1L oBEKTEFIIO> VT, BitoEBE L
SEREFEDEILLDOLPEFBRIT LA, &2
BZRLGERITOBREIZNL L OTHAY,
ZOHRTHLPLEIIRIZVERIIHRETIE
hER, $-RETCHHEHBEEILTH - 2.
KWTHIEY LBAFEZ L 5 . FRIZLE2EDH
A H o B L i o b A2
34 Tho7. BIBOBBIIEVTEHEEED
FAaEhod, BEICLETLIZNATAORE
1945 E D EHRIE T & 2 1 b & ORFIAAY B R 12
ST LTATE, BOXF SR M HEH
B HIzEh o2 20+ 280 AWML
R A

o

PERCENTAGE EXCLUDED* FROM AUDIOMETRY SAMPLE BY TYPE OF ABNORMALITY AND EXPOSURE
UHBROA A 6 B #E

GEoEHRY

TYPE OF AEHORMALITY EXPOSED Mk NONEXPOSED FFEHHESH
REnn SUBJE[:.TS 5 SUB_IECTS 9%
o R - O]

WE (REE R CBR LD 35 dnll e 60
pre-1945 19454 L 10 14 B 27
post-184% 194541114 7 10 5 17
time unknown  WREITW R 2 3 i 3
scarred or perfFraled qtqms,hQF history of otitis 18 292 A 13
HIEOAHR E 2 dFEl, BLERORELLV
TINNITUS, HISTORY HIED (FHEE) 1 24 | 7 23
pre-1945 1945 4 1) i 2 k] 1 3
post-1945 19454 L) #% 15 21 B 20
BFUEHSLUWEHRMNW MPM{wﬁugunu CAUSES 9 12 5 17
g (FEAE, FARF0MoREIZESZLD)
pre-1845 19454 L1 3 4 2 7
post-1845 1945+ 1] % 5 7 2 T
time unknown [ HH A< Y 1 1 1 3

ATOMIC BOMB INJURY JGEHE(Z & 3 (5% 3 4 0 0

MISCELLANEOUS, INCLUDING GERUMEN # @ (B HIFZ B8 11 0 0

TOTAL @ 72 100 30 100

#Records of 72 exposed cases and 30 nonexposed cases were available for review.

oL oilsgd AT TE L
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The difference, then, seemed best
explained as a general increase in report-
ing in the exposed group, with resultant
bias. Several reasonable explanations for
this phenomenon seem possible, and all may
contribute to the total discrepancy. The
exposed group with acute radiation symptoms
has received examinations in the past both
at ABCC and as provided by the Japanese
Atomic Bomb Survivors Medical Treatment
Law. The nonexposed, by contrast, were
usually experiencing their first complete
medical evaluation. Health interest and
anxiety might be expected to be greater in
the exposed. Although physicians in the
ABCC clinie attempt to examine the subjects
without bias and without knowledge of
radiation exposure status, sometimes such
information necessarily emerges in the
his tory. Similarly, medical records with
previous diagnoses and examinations, when
available, accompany the patient during his
ABCC clinie examination.
the persons who were excluded had greater

S8ince, presumably

than average hearing loss, the affect of
the execlusions was to decrease the mean
hearing loss measured in the remaining
subjects. Because there were more exclu-
sions among exposed than among nonexposed
subjects, it may be supposed that any
difference in hearing loss which exists
between these groups, attributable to the

atomic bomb, will be underes tima ted.

In any event, the increased ear disease
finding in the exposed group seems related
to sociomedical factors rather than to
irradiation. Of the 102 subjects excluded
from the aﬁalysis of age changes, and
whose records were reviewed, the audiograms
of 27 exposed subjects and 12 nonexposed
subjects were abnormal on clinical evalua-
tion. -These discrepancies would hardly
be great enough to influence the age
comparison in the approximately 300
subjects in each exposure group in whom ear
disease was not clinically detected.

AUDIOMETRIC CHANGES WITH AGE IN NONEXPOSED
Since each audiometric record gave rise to
a considerable number of observations, the

ZOFEE, WIBEEETIIRERERE SRz
Z0DT, ORIV IELZEBT 20N
BIZFYDLHIIZELNE., 20k 2HR 1t
LT AEMLER S 2 £ 512895 4
HAVEEFNLOEEHE S TEEDER S F
?ém#tmﬂ@u.@%m%ﬁw%#5ofw
BEL, REABCCUILFVWTE I AEBRERE
i ﬂT%M§éﬁ%L?u%mCH'T FERE
BHIHERBELZI20E 2D ETE NSO
PFRAETH - . BEIZAT ZHL & LCEILH
BEOFTA TSI 2PIIEVERTEVTHS .
ABCCOEMINREOBELITL IF 21,
%mﬁ%cﬁtfﬁ&aewikﬁéTwﬂﬁé
ZLIZITEZS EH1ZLTVWA30TH A, 204
;ﬂmﬁgﬁfmﬁﬂmﬁrM%MK&T<é
ZEeHHBH. AR, HEEHFABCCTZRT
Az, LEiicABCCTRR LA ENEN
Iz 0Bl EL EPFTALTHZERIED
BEWENEOTHAE. F v fwb%%%ttk&
OBEAREBEZEELNEFLVEELLNLSIDT,
INEBRATAZEILE - TRERVOBBHEEED
FHBENHELP DL 2 SRTHE. BHEOD
HIIEHBRELVLHBEO T E 2520 T,
CO2EMoMIZERIZE S LB b A IIEHGE
DEFENE, FREEBRLIVLECRE LS
= En A R ERS Y

wWFhizE &, RS CHELOMASEZ S
S, REFREEICE LS EDNEL LA
WGWE?H$@H&H@&5$ tEbh 3.
IEEZE (L o fid Fir gibEanflo s b, ERL
ﬁmfmﬂ#ﬁ*mnﬁ1MﬁwM%ﬁ?,%ﬂ
MEOEFEREMIZRFE LTERLHE ML
ElrHkmE A2, BEmESL2E TR . L
L, ZOETEK FEEESEISRAbohEd ok
Hm,h£§%W%m’&%3w%mH&#uv
WTHEBLRETZHOBHAIIRELE5221ZEK
xhtoTIFLEVWERS.
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age variation was first studied extensively
in the 293 nonexposed subjects. Table 3
indicates the mean decibel hearing loss
by
The data for males and females are plotted
in Figure 1-A. It is evident from the
figure that the trend lines of the high
frequency cycles are somewhat discontinuous
and it seems probable that the ins trument
calibration for 8192 cycles was faul ty.

for each cycle, ten year age groups.

T 9%ﬂmJHﬁ&H§u?mULVfﬁmaMDW@
REMICEE LS. B3 EMRELIOF FE RS
K’%uf,%%47ww IR T NOVEE
HERTHE. BHELEHORBEIZIR L —AITR
Lz, EEIzE0BEs 4L 912, BRERS
A Mg rHllTasE 0T, Bhito
8lR2H A4 7 VO EBENELEIME-TVAELD
tEbHNA.

TABLE 3 MEAN DECIBEL HEARING LOSS NONEXPOSED SUBJECTS BY CYCLES, AGE, AND SEX
#&3 A 7B, FENE ECERIZRERBEOTE T NV NEE
ML 572 g i R H
S it lsumitors MEAN DECIBEL HEARING LOSS 3 AL F R R
M R | Wi CYCLES PER SECOND 44 & JL#f
1
128 256 I 512 1024 | 2048 | 4086 | B192 | 8747
10-18 14 20,7 | 20.4 | 7.0 2.7 1.3 59 | 1,8 T
20-283 17 7.1 | 17.s | 4o 1.0 3.2 | 16.0 7.1 | 15.0
30-38 20 17.3 | 17.8 6.5 2, 3 2.8 | 12.8 8.7 | 13.2
MALE |40-49 27 18.3 | 18.4 6.5 4.0 | 9.3 | 27.0 | 17.9 | 24.2
B |'50- 50 28 26.4 | 25.4 L 12.5 | t0.8 | 14.5 | 38.6 | 35.4 | 43.8
60-69 23 3t.e | 3s.2 | 21.6 | 19.1 | 24.3 | 48.3 | 50.1 | 60.2
70+ 7 40.7 | 29.3 | 26.8 | 24.58 | 33.6 | s0.4 | 72.5 | 78.1
TOTAL
2 145
10-19 23 18. 4 20,3 7.0 | T T 3.1 B.5 2,2 5.7
20-29 23 21,0 2T a1 & | 52 7.5 5.8 2 B Bl
30-38 28 20.9 | 22.4 8.4 4.4 5.3 8.5 4.9 B.2
FEMALE |40-48 25 25.7 | 214 | Ml.e 7.0 9.5 | 17.5 | 14.3 | 19.8
fr 44
%1 '50- 59 24 27,2 | 27.5 | 14.6 | 11.6 | 15.5 | 26.8 | 32.0 | 38.8
£0-58 19 32.4 | 32,8 | 19.9 | 16.8 | 20.4 | 3t.8 | 40.0 | s53.3
70 + B 48,3 46.7 | 32.9 28.3 32. 5 42,1 57..5 65. 4
ToTALL
it
As might be anticipated, variation in the THLEBIZETIEbh 0, FEBIFIEZVH

The standard
deviations for each age group and each

data increased with age.

frequency, males and females combined, are
shown in Table 4. For graphic presenta-
Figure 2 shows the mean and standard
deviation of the 10-19 year age group as
compared with the 60-69 group.

tion,

DIFFERENCES IN HEARING ACUITY BETWEEN MALES
AND FEMALES It is obvious from inspection
of Figure 1 that in this study females
appear to hear better than males. By

combining both exposure groups, it is

:VMEmmgM%k%<¢ot.%i%éhﬁ
EBAOEKERBERE X USEERIIN T SR
x4 omli. H21213, 10—19F 0
i kU HER2EL260—69F D s h &L
DT 7

&h

T Lt

BHELHEOEIOE Hlick->THSLD
At coBEBI IO TIEEHIIEE LD L
TEOHHFERTVE LI THE. WA & IEHE



FIGURE 1

MEAN DECIBEL HEARING LOSS BY SEX, AGE, AND EXPOSURE
(X1

M, R, BERENOTES T NLEEE

DECIBELS 7 & ~ LB % A. NONEXPOSED FERMH DECIBELS
T T T T T T T T T I T 1 I I
10k MALE Hi% + FEMALE %1% 4 -10
0 = € — 0
1 1
L 3T g_
W = Z1 420
v//\ 4
40 5T 5440
AGE GROUP ik -
qﬁi@Fﬁﬂ& B
1. 10-19
0 + -4 80
. 2. 20-29 ] ; 6
= 3. 30-39 14 4
4. 40-49 7
80 [ 5. 50-59 T - 80
6. 60-89
B 7. 70+ T 7
100 1 I L L 1 | 1 [l | I 1 | 1 1 | i00
B. EXPOSED #ME¥H
T T T T T T T T T T T T T
-10 + 4-10
0 = = 0
! ;
z 3
- . 4__ -
20 20
40 & 540
\/\ g
60 [ o 660
80 [ T 780
100 | 1 1 1 1 1 1 \7 1 1 L 1 | | | 100
128 256 512 1024 2048 40896 & r 128 256 512 1024 2048 4096 o 7
el 5 &
CYCLES PER SEcOND 4 7L
TABLE 4 MEAN DECIBEL HEARING LOSS AND STANDARD DEVIATION, NONEXPOSED SUBJECTS

BY CYCLES AND AGE, SEXES COMBINED

B4 FWBECEISHA 2NN L L UCEBIES TS N VEENEK S EERZE (BLGE)
| MEAN DECIBEL HEARING LOSS TH L VB R
acE |susiecTs CYCLES PER SECOND A 7 g
WS | mEE 128 256 512 | 1024 | 2048 | 4088 [ s1s2 | 8747
MEAN| SOT |MEAN| SD |MEAN| SD |MEAN| SD |MEAN| SD |MEAN| SD |MEAN| SD |MEAN| SD
R Rhbe) Fi9 P | 19 S 1 | T 19
10-189 a7 19.3| 8.8|20.3 5,2 7.0| 6. 3.3 5. 5—| 2.8 5.9 7.5 1.5] 0.9] B.6 4.4(10.7
20-29 40 19.3| 8.4(19.9| 8.8 6.9] 9.3] 2.3] 6. 1] a.4] 7.5/11.1]12.9] 6. 3[ta.8[13.1]18.4
i0-39 57 19.1 8.2|20.1 a.4| 7.5 7. 1.3| 6.65| 4.0| 7.0|11.1|12.2| B.8|13.4|10.7|13.9
40-49 52 21.9| 9.6|22.7]10.7] 8.0| 9.5 5.8| 9.1| 8.4|11,3|22.8[17.0]16.2 16.8|22.1|18.2
50- 59 52 26.2|17.8|26.3|13.5(13.5/13.1/11.2(12,0]15.0|13.6(33.0(20.2/33.8(23.8[41.5|24.5
60-68 42 32‘ﬂi15.1 33.0|15.7|20.8 18, 13.11'16.?122.5 19, B|40.8|18.9|45. 5(25,7(57.1(27.4
70+ Ta  |44.2(20.0]42.7] 8.9]29.810.4]26.315.8]33.1[15.0[51.017.3]65.6(19.7]71.2[18.2

tsD = Standard Deviation R =




FIGURE 2

RANGE OF MEAN DECIBEL HEARING LOSS = STANDARD DEVIATION
IN YOUNG AND OLD SUBJECTS,

NONEXPOSED

2 HEBMEOEMAIE N T T L NUHIK L RE

DECIBELS + I~ ik DECIBELS
T T T T T T T T T T T T Wi
<10 --10
0 0
. // .
40 ¢ / ~ 40
60 |- -1 60
AGE 10-13 AGE 60-69
80 |- h i ]
s i ¢
o e ! | 1 | | foed | ] | | I ] [ 100
128 256 512 1024 2048 4086 & 7 128 256 512 1024 2048 4086 &
=G 5 5

CYCLES PER SECOND

-~

possible to explore male-female differences
both in relationship to ten year age groups
and to frequency cycle.

Analyses of variance were computed
separately for 128, 512, 2028, and 8192
cycles per second. It was found that at
each frequency the difference between
males and females was statistically
significant (P <.05).

CORRELATION BETWEEN CYCLE FREQUENCIES Both
exposed and nonexposed subjects were
combined in order to study the degree of
correlation between the value for the
different frequencies.
shown in Table 5. The last column on the
table shows the mean hearing decibel loss
and the diagonal line of figures shows the
s tandard deviation.

The results are

The correlations

between cycles are shown in the upper right -
portion of the table. For example, 0.89 in

the ecolumn 9747 indicates a correlation

coefficient between hearing loss at 9747

and loss at 8192 cycles.

It may be observed that the correlation

coefficients in the upper right hand

A 7L
# L EAR fé&, 104 Fabrfmz s, £ 2R
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corners of the table are generally smaller
than those located in close proximity to
the diagonal, i.e., the correlation tends
to decrease with inecreasing difference
between cycles.

CORRELATIONS BETWEEN DECIBEL HEARING LOSSES
FOR RIGHT AND LEFT EARS Table 6 shows the
correlation coefficients of the decibel
losses in right and left ears, at each
frequency cycle. In both sexes there is
a tendency for the correlations between
right and left ears to inecrease with
higher frequency.

Generally, the recorded values for
the right ear were better than for the
left ear. However, the testing routine
specified that the left ear be examined
first, and the observed systematic dif-
ference may reflect the order of the test.

-

VALUE OF AUDIOMETRIC STUDIES AS A PHYSIO-
LOGIC TEST OF AGING In Figure 3 the mean
decibel losses at the various frequencies
These
curves are well fitted by second degree
polynomials.

are plotted as a function of age.

Since these regression lines
are definitely curved, the correlation
ratio may be used to describe the relation-
ship between hearing level and age. The
calculated correlation ratios are shown in
Table 7 for both sexes combined. These
values, increasing as they do with fre-
gquency, indicate that the age effect is
more pronounced at the higher frequencies,
and suggest that audiometry is a fairly
sensitive index of physiologic age.

COMPARISON OF AUDIOMETRY IN EXPOSED AND
NONEXPOSED SUBJECTS Figure 1-B shows the
mean hearing loss in the 290 exposed
Table 8 shows the
comparison of mean hearing loss bhetween
exposed and nonexposed subjects for 512 and

subjects by age and sex.

8192 cycles per second. It can be seen
that there is no consistent difference
hetween the two groups, and similar results
were found for the other frequeneles. The
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TABLE 5 MEAN DECIBEL HEARING LOSS, STANDARD DEVIATION, AND CORRELATION COEFFICIENTS
BY CYCLES AND SEX

£5 4 v LBlEZUER, BEEO#HK, FREES L CHBRET
| CYCLES PER SECOND MEAN DECIBEL
SEX CYGLES PER SECOND | s , HEARING LOSS
HER] 4 7L | 128 758 512 1024 2048 [ 4086 B192 9747 -1f-J:2,1*?‘-'/_f\°,u,a,ag
| | | | F14R %k
CORRELATION COEFFICIENT iEREIRER 4 (r)
128 16.17 .87 .78 .69 .62 . 53 .83 . B2 23.5
256 13.9 .85 . B8 .65 .55 . 85 .B5 23,2
512 13.4 . 86 .78 . 59 .73 2 11,2
MALE 1024 14. 1 .85 .64 T2 .70 B.3
B 2048 17.0 74 .79 .12 11. 4
4096 3.7 . B .74 7.8
8192 27.5 .89 23.4
9747 29.9 30.9
128 13.3 .87 .18 .65 . 59 . 56 .61 .81 24,9
258 12. 4 .86 . B8 .65 .61 . B4 .64 25.8
512 12.1 .83 99 .67 .69 .67 12.8
FEMALE 1024 12.0 .82 .68 .10 .68 8.0
Tt 2048 13.1 .81 .76 .13 11
4098 16. 4 .81 .15 17,8
B1g2 23.9 .88 18.3
9747 g 26.3 _-25.1

fstandard deviation. il {3

TABLE 6 MEAN DECIBEL HEARING LOSS, STANDARD DEVIAT|ON, AND CORRELATION FOR RIGHT AND LEFT EARS,
ALL AGES, BY CYCLES AND SEX
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MALE 5 FEMALE % TEST OF SIGNIFICANCE
CYCLES — | RIGHT AND LEFT
PER |EAR [MEAN BEGIBEL| sp | CORRELATION MEAN DECIBEL| . [CORRELATION| pEGIBEL HEARING LOSS
SECOND | 4oy [HEARING LOSS | COEFFICIENT|HEARING LODSS COEFFICIENT| ik 2 | HH & EHOD
W4 M EE| R L s Bk MBS | Ty 7 e~ | BREE | R FyNNED#HEOE
o ol e 4k i 25 MALE W1 |[FEMALE “if
1 1 24, 13.
o | BB 22.8 542 .- 3 3.9 e e NS
L 24,2 1.7 25,8 2.8
i | BH 22,4 13.4 a3 25.0 12,2 e o "
L 24.0 14.6 26.9 12.6
= 1 11
S RAT 11.0 12.9 A 2.4 :] e g e
LA 11.5 13,9 13.2 12,4
& 5
102¢ |RE g, 1 13,2 i B. S 12.0 o - s
LA 8.6 15,0 9.5 11.9
T 1 12.
2048 | *E 8.9 5.6 6 8.1 2.2 e ) .
LA 13.0 18.2 13,1 13,86
5 1 15.
OTT LR 25,8 22.5 Lo 5.8 5.6 3% iR i
LA 29. 5 24.8 18,2 17.1
gioz | A S 26,1 B0 - lBRE R .78 NS SUEG
L#E 26:1 |28.8 19.9 24.9
: .0 :
S R 29.8 29. 4 Y 24 25.8 75 NS i
L 2| 32.0 {a0.3 ‘ 26.2 26.9 ".
TOTAL SUBIECTS: MALE Hi: 258 FEMALE +c{% 325
seHighly Significant P=.01 ssignificant .01<<P=.035 Sugg Suggestive .O05<P=.10
DA HiE o o EElE
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FIGURE 3 HEARING LEVEL IN DECIBELS BY AGE, SEXES COMBINED
X3 FmAEEN (BLEE)
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TABLE 7 CORRELATION RATI0S MEAN DECIBEL HEARING LOSS AND AGE, NONEXPOSED SUBJECTS
BY CYCLES, SEXES COMBINED
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TABLE 8

MEAN DECIBEL HEARING LOSS AT SELEETED CYCLES,

EXPOSED AND NONEXPOSED SUBJECTS,

Y AGE AND SEX

£8 HEOFAZNMIIET AHEBEE LEMEHEOERN B L UENTHAT L SVERHE
bl P M
| SUBJECTS MEAN DECIBEL HEARING LOSS T+ ~NILEH &
R 512 CYCLES 4 7 1L B1G2 CYCLES 4 # 1L
SEX | AGE
T EXPOSED!NUNEXFUSED exposen |Nonexposen | SEST OF f lexposen nonexposeo PN
kL R HE 4R 3 H1E i s 48 5 il :
L |4 v R B 1 2 R AR A BT A b
10-19 7 14 7.9 7.0 NS 1.8 -1.2 NS
20-29 18 17 5.8 4.0 NS B.0 7.1 NS
L 130-39 24 29 3.8 6.6 NS | oy 8.7 NS
2k 40-489 16 27 By B 5 NS 10.0 17.9 *
50- 59 23 28 15,2 12. 5 NS 30. 3 35.4 NS
60+ 27 30 2102 22.8 NS 48. 4 55. 3 NS
|1p-1g9 10 | 23 5.8 7.0 N§ -2.0 202 NS
20729 | 18 73 8.6 8.1 NS 5.8 5. H NE
Ll 50 28 9.8 B. 4 NS 5.0 4.9 NS
o [40-48 38 25 1.1 118 NS 15. 9 14.3 NS
50- 58 38 24 17.8 14.6 NS 32,2 iz.0 NS
180+ | 22 25 | 23.6 | 23.0 NS 52.6 | 44.2 i NS
TOTAL SUBJECTS: EXPOSED 113 MALE, 177 FEMALE NOMEXPOSED 145 MALE, 148 FEMALE
aEt HMmE A % f ™ JERE B iy
tf Footnote Table B. ;.:}._'; #6

exposed group was divided by distance from
hypocenter into those exposed under 1400
meters and those exposed
1400-1999 meters.
groups by age and sex are shown in Table 8.
If the hearing of the heavily exposed
survivors had been more affected than that

in the range
Comparisons of these two

of the lightly exposed, the mean decibel
loss of the group under 1400 meters would

be larger than that of the 1400-1999 meter

group. Table 9 does not show such a
tendency. However, the sample size is
small.

DISCUSSION

audiometric studies were conducted for a
group of atomic bomb irradiated and
nonirradiated subjects in Hiroshima as part
of a general study of the relationship of
physiologie indications of age to total
body irradiation. As anticipated, audio-
metric readings correlated well with age,
but other sources of variation in the data
were apparent. Sex differences were quite
obvious, with females having better hearing

than males. Audiometric values for the
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TABLE 8

MEAN DECIBEL HEARING LOSS AT SELECTED CYCLES,

EXPOSED SUBJECTS,

BY AGE AND DISTANCE FROM HYPOCENTER
£9 HBEOHL /LM ETAEBEOFERP L UCBRLH S S OREN IR AT T L N LEE RS
. ver | SUBJECTS R JHNDNWHP&MWELNSTﬂF/NHWH'”
wal | e 512 CYCLES +#4 & 1L B182 CYCLES H 1 71
i - We
0-1388m  1400-1899m| 0-1399m  1400-1999m| 0-1399m |1400-1889m
10-19 4 3 5.6 10.8 0.6 3.3
20-28 8 8 4.4 7.2 4.7 8.8
wALE |30-38 23 1 7.8 2.5 3.8 7.8
gijE | 40-49 14 2 4.3 1.2 10.0 10.0
50- 59 18 5 1.9 [T270 28.9 35. 5
|60+ 21 ] 20.8 22,1 45.4 59. 2
[10-13 4 B 5.6 5.8 -0.8 -2.9
20-29 | 11 ! 7 9.3 7.5 10.0 -0.7
FEmALE|30-38 29 2 9.6 10.0 B.1 5.8
foff | 40-49 25 13 10.5 1954 14.9 17.7
50- 59 25 14 18.8 15.5 33.9 28,3
|60+ 11 11 | 24.3 23.0 57.3 } 48.0
right ear were consistently better -than ThoH, ZTOZLEFRLT “EEBEHE” 2T
those for the left ear, but whether this B 2
' ' ' : To», FABEIREOEFIIL-TEDES
represents true 'right-earedness' or simply
the testing sequence cannot be interpreted IS REOPIIOVTIEHIOREEL T TIREE

from the available data.

The irradiated group, consisting of those
having major symptoms of acute radiation
illness in 1945,
sample of survivors who received large

undoubtedly comprises a
radiation doses. Although simple compari-
son of the data in the exposed versus the
nonexposed gave no hint of audiometric
differences, analyses for radiation effect
were further refined by comparing those
exposed within 1400 meters of the hypo-
center with those between 1400-1999 meters.
With this refinement,
apparent, but the sample size was too small
to detect any but gross physiological

no changes were

changes due to radiation.

Several tests of physiclogic processes
that vary with age have now been studied in
exposed and nonexposed subjects who
comprise the Adult Health Study being
conducted by ABCC. No single test has
revealed differences related to atomic
but it

select a battery of tests

bomb irradiation, is planned to

to measure

FTEL N,

MR BEIL 1945 12 BB SRR A 0 ZRAE

4.kf3f&>f)f::a§f‘ﬁﬁﬁ‘iéi’L.'(L-w:am‘(\‘, 2 B0 &t
BMASZTI-WEREY IV THEL T EEHE T
%&’I%-‘E’;!:aﬂ&ﬁ%&%m [ERE R A R IZ g L
tﬁﬁ?d%ﬂ@ﬁﬁ@%%ﬂ%ﬂ&wﬁ.ﬁﬁ
Mo rlra@irs -BEELZLDIIT AL
B, BUHS & 0 1400m LIN o #E & &, 1400—
1999m OEEE L ALz, L2L, 20k

s I

L ET{LERZTS G, 5 £,
AN E T E TR ORI

CHREA R DA IS AR T &

k3

HrFILOkRkES
AERAY 7%

7 J,‘jf

A B CCTHF %Mo bl A R E DK
BT HAWRE B L UEMES 20T

AHEHIEAOBRBESN VL 2P fT b T V5.

FOoVThIZEVT L FBMOBREHIZBEED

HAZRIFERER IS T2V, i

G p
e b —

-l o fR



physiologic aging. Assignment of a
physiologic age on the basis of these
combined tests should prove much more
sensitive than single tests in detecting
irradiation induced aging acceleration, if
stich a process actually occurs in humans.
More important, perhaps, such a study
carried out over many years should yield
information on the validity of the concept
of physiologic age as compared to chrono-
logic age, and delineate the tests of
greatest value in determining physiologic
age. Audiometry seems to vary sufficiently
with age to warrent its ineclusion in a
final battery of aging tests.

SUMMARY

Audiome try observations were analyzed for
290 irradiated survivors of the 1945 atomic
bomb in Hiroshima and in 293 nonirradiated
subjects.
order to determine the age changes in
audiology in irradiated and nonirradiated
subjects as well as to investigate the
pattern of hearing levels in a Japanese
population for comparison with patterns in
caucs.sians.6 The following statistical
observations were made.

Correlation between hearing levels for
right and left ear.

Correlation between hearing levels at
various cyecles.

Changes in hearing levels by age and sex.

The relation between age and decibel loss
was not linear and correlation ratios
with age were 0.45-0.72.

Audiometry seems to be of some value as
one of a battery of tests of physiologie
aging designed for detection of irradiation
induced nonspecific aging acceleration.

In this relatively small sample, no
differences in hearing acuity were detected
in the atomic bomb survivors as compared
with the control sample.

The study was undertaken in
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