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SUMMARY

The clinical status of A-bomb survivors was studied

in detail to ascertain any departure from normal
health that might be associated with radiation-
induced  cytogenetic  abnormalities. Though

differences, particularly hematologic, between those
with high low percentages of chromosome
changes were noted, this could be attributed
methodologic biases, or an independent effect of
atomic radiation.

and

to

INTRODUCTION
Cytogenetic evaluation of A-bomb survivors has
revealed that there is an association between

radiation dose at the time of the bomb (ATB) and

chromosomal  aberrations  present in  cultured
peripheral lymphocytes more than two decades
after cthe bomb.l1-4  Extensive evaluation of the

clinical status of survivors has gone on in Hiroshima
and Nagasaki the inception of ABCC, and
especially since the initiation of the ABCC-]JNIH
Adult Health Study (AHS) in 1958, when
biennial

since

regular
clinical examinations began on a large
population of survivors and their matched controls, 5,6
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Although  chromosome abnormalities have been
associated with disease, to date there has been no
discernible clinical condition or biochemical change
that has been attributable to the radiation-induced
cytogenetic changes. This is the first study
undertaken specifically to evaluate the clinical
status of survivors and nonexposed controls who
have undergone cytogenetic evaluation.

METHODS
Study Population

The study was carried out only in Hiroshima. As
of June 1969, cytogenetic analysis was available on
371 AHS members (Table 1 - shown by dose and
by number of cells with chromosomal aberrations
per total cells observed). Complete details of the
ABCC Cytogenetic Study have been publishedls3:
Each analysis consisted of the observation and
scoring of 100 metaphases when possible, with a
full karyotype analysis of all cells with abnormal
chromosomes. Individuals who reported past
radiation therapy or diagnostic procedures which
incurred relatively high doses were excluded.

From the individuals listed in Table 1, 150 persons
were identified for detailed retrospective review of
all available clinical data (see Appendix for MF Nos.).
The basis tor selection was estimated radiation
dose7 ATB, and number of cells with abnormal
chromosomes per number of cells examined, those
selected being divided into three groups as follows
(see Table 2):

Group A - Individuals who received low exposure
doses (less than 1 rad) ATB and who had 0%-3%
cells with chromosomal aberrations (43 cases).

Group B - Individuals who received high doses
(100 rad or more) and who had 0%-4% cells with
chromosomal aberrations (56 cases).

Group C - Individuals who received high doses
(100 rad or more), and who had 11% or more cells
with chromosomal aberrations (51 cases).

Selection of cases for review (by T.M.) was carried
out independent of the chart reviewer (R.K.). The
reviewer was provided with a list of 150 Master
File numbers, and had no knowledge of exposure
status or results of chromosome analysis.

The distribution by sex and age ATB of the final
study group is given in Table 3. The distribution
of these variables is unequal, with females pre-

PRERBEMGEI S5/ hTWEE TV,
BB A R ORI E FE AZE L1 & 5 T = 3 BEER
Bh 2V IFEFMNEII >V TIRELAE-ED LT
v, SEOATE, HICAREFNMRES 228
B & IR AT RS O BRFRIRER 2 W00 TERM L k5 &+
3H0TH 5.

ok
AEER

ZOFEEE, BHOSZOMBEITODOTIT L -k, 19694
6 HMAEE T ABBERESSRHE 371 Aod4 240
BMIEFRME T 2bh (F1 —MENH L e K%
FEMMBAO G S EB A REST) . ABCC A Ik {£ %
WEIZ2WTE, TTIIEMCREs AT 3 F
LZbb, BHIZOETE 57720 100 @0 % 2o 0 a %
BBELTHMILAE. TNTORBHEEBEMEICHL, 5
ELEIGIT AT % o . WE B RRTEE E 23 g
fmiRt 2 b s TRMREL 2T A HEBRIAL 2.

FlLIZERWMLAEODL» S5 150 &%, AFahTw
AYNTOBRKRHSOFMEMENHEHRFT 2T
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HAINE A 119 )L > % (5L .

MEBEHEOML (Y T.M. ) &, BEF 0K (04 RK.)
BHEWIZELMELZ2WwHETITAbh, HFHYE
1243, 150ffloEF2BEFTO—KEI L5 2 5 1P,
PEHRIRIEL A FRMEOK R LKL TH .

WA 2 BEATEO 516 2 MR - BEEREEM B ICE 3 IR
L7 MBEOXHIZIRWOAH 54, wiFhotk



TABLE 1 DISTRIBUTION OF CYTOGENETIC STUDY SUBJECTS BY DOSE AND NUMBER OF
CHROMOSOMAL ABERRATIONS, HIROSHIMA

#1 Ml fREnEEGREOBREN - REFREOTSENYTHE, HE
% of Cells with Radiation Dose Ji & #t fit (rad)
Chromosomal Aberrations Total

P kREHAD G 5% it <1 100-199 200-299 300+

0 82 67 13 1 1

1-3 152 114 25 8 5

4 14 3 6 2 3

5-10 72 3 38 19 12

11+ 51 0 4 15 32

Total A& 371 187 86 45 53

TABLE 2 DISTRIBUTION OF CLINICAL STUDY SUBJECTS BY DOSE AND NUMBER OF CELLS
WITH CHROMOSOMAL ABERRATIONS, HIROSHIMA

#2 FEERFAEMRFOLED - REEREMEO 55 ENSE, RS
% of Cells with Radiation Dose ff&f #dit (rad)
Group Chromosomal Aberrations  1otal
o3 ifefa ALl 0 T S 3 it <1 100-199 200-299 300+
A 0-3 43 43
B 0-3 56 38 9 9*
C 11+ 51 4 15 32
*Includes 3 cases with 4 cells with chromosomal aberrations
PEaAREEATIMR4BELEH L IFEE .
TABLE 3 DISTRIBUTION OF GROUPS BY SEX AND AGE ATB
#3  BEOMER - R RS EH 5 Ah
Group Both Sexes # & & it Male % Female #
53 Total <30 yrs 30+ yrs Total <30 yrs 30+ yrs Total <30 yrs 30+ yrs
it it it
A 43 21 22 17 10 26 14 12
B 56 26 30 22 14 34 18 16
C 51 25 26 13 3 10 38 22 16
Total &# 150 72 8 52 18 34 98 54 44
dominating in all groups but particularly in Group C. AELC, I, CEIZELL. figryXParvnT, TR

Analysis of findings combine sexes because of

small numbers.

Clinical Review

Many individuals, mostly A-bomb survivors, have
undergone clinical evaluation at ABCC since its
inception in 1947. Many others, both exposed and
nonexposed, underwent clinical evaluation at ABCC
beginning in the 1950’s. In 1958, the AHS was
begun, with regular biennial clinical examinations
of a large group of exposed and nonexposed individu-

O TIEB LRSI L.

& R B sRE

1947412 ABCC A" 3% 3L & 1 T LK ABCC THik M2 + 2
HTWwaHTEHWEH, ZORKEBTIEEBRERETH
5. 851z, 1950124 > TH 5, ABCC TERKMRE
ARUBEINhoHBES JCEERELHE (0
3. 1958MEICIE RS b L UHEEBRE O KRB 2 LH 2
DVWT 2HE T O EMMBIR RS & 174 7 B AR RE



als. During each regular clinic visit for the AHS,
the following routine examinations were carried
out: medical history and physical examination,
chest X-ray, ECG, urine analysis, and a hemogram
(hemoglobin, WBC count and differential, ESR).
In addicion, other studies for specific diagnostic
evaluation were obtained when indicated.

The complete medical records of the 150 individuals
in the study were reviewed without knowledge of
exposure  status. The charts were completely
abstracted for all ABCC clinic visits, and the
abstracts of each chart coded for analysis. Family
history, past medical history, results of X-ray
studies, electrocardiograph examination, laboratory
tests, and diagnoses were tabulated.

Coding was only for the presence (yes) or absence
(no) of aspecific finding. For example: (1)Question-
was there everany evidence of old tuberculosis on the
chest X-ray? Answer - yes; (2) Question - was the
hemoglobin below 10 g/100ml on one clinic visit,
on two clinic visits, always, never? Answer - on
one clinic visit. Many of the questions on the coding
sheet were so worded that some degree of quantitation
was possible: never, always, on one clinic visirt,
on two clinic visits in succession, or on two clinic
visits not in succession. However, this attempt at
quantitation further divided the already small
numbers, so it was not used for statistical analysis.
Analysis was carried out with each coded item
given only a yes or no answer. Thus, any abnormal
finding or test on any clinic visit, even if present
only once or on the first clinic visit and never
again, would result in that item being coded as
abnormal. Diagnoses were coded either yes or no.
If an individual had had the diagnosis of peptic
ulcer disease made on only one clinic visit, peptic
ulcer disease would be coded yes. No attempt was
made to differentiate diagnoses, findings, or abnormal
tests by year in the final coding. No time element
was included in the coding.

RESULTS

Before the results of this study can be fully appre-
ciated, the bias of the study must be realized. The
degree of clinical material recorded in the charts
is to a large degree dependent on how many times
the individual has been evaluated in the clinic,
and this itself is greatly dependent on how long the
person has been followed at ABCC. An individual
who first came to ABCC in 1947 or 1948 will often
have had as many as 10 or more clinic visits. An
individual who started coming to the clinic in 1958
with the AHS will likely have only 4-6 clinic visits
recorded. This introduces a bias in several ways.

A sz, RARERLT LT 2B O EMEZT
WROBERE TE2bhTwa. v¥4abb, Mk
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5. ZDIE L, RARNZEBWTEHI O 2 0 OBINRE H B
BTt bhTws,

ASEOMRIECH, BHEKE KT 2o 150 il o E %3
ﬁ%ﬁiwﬁi‘ﬁ?%ﬁ%ﬁ’lc#. ABCC mEF A, 5 50
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TABLE 4 STUDY GROUPS BY YFAR OF EARLIEST CLINIC VISIT
£4 BRAEBOBEEDN S

Year of Earliest Visit Group # A B

B A I No. % No. % No. %
1960 or Later LIE& 16 37.2 18 321 1 2.0
1958-59 8 18.6 13 23.2 7 13.7
195657 10 23.3 1 1.8 3 5.9
1954.55 9 20.9 7 12,5 9 17.6
1953 or Earlier LLfil 0 0 17 30.4 31 60.8
Total &t 43 100.0 56 100.0 51 100.0

First, because of the nature of studies at ABCC in
the late 1940’s and early 1950’s, it was more likely
for a heavily exposed individual to attend the clinic
during this period. This is best shown by comparing
Groups A, B, and C by the year of the first clinic
visit, shown in Table 4. Of Group C individuals
60% had already been seen at ABCC by 1953,
whereas 56 % of Group A individuals were not seen
at ABCC until 1958 or later. Furthermore, history,
physical findings and laboratory results were
recorded for each clinic visit, so that individuals
with many (10+4) clinic visits would have a greater
chance of having a particular historical event, a
specific physical finding, or a laboratory test
within or out of a certain range recorded at least
once on their chart than individuals with few (4-6)
clinic visits.

The result of this bias is that it is impossible to
review the available clinic records completely
blind with regard to exposure status. Group C
individuals were often obvious to the reviewer
because of their early clinic visits and their early
changes secondary to radiation: cataracts, family
history of death by A-bomb, or hematologic changes.
Group A individuals were less often recognized, but
many were obvious as nonexposed or minimally
exposed controls included in the AHS beginning in
1958-60. Group B individuals could not easily be
categorized by the revieweras exposedor nonexposed.

Analysis of the coded data was carried out with
two different approaches: comparison of age groups
ATB within each study group (A,B,C) for each
item coded, and comparison between different study
groups (A,B,C) all ages combined, for each item
coded.

Comparison by age groups within each study group
was carried out as a measure of comparability
between the three study groups. The age groups were
less than 30 years ATB and 30 or more years ATB
(corresponding to dividing the groups in 1970, the

1950 R AMAIZ 213 T ABCC TR L 72 & 0 % L,
COMMBIZIELACHMEHBEF ZZHRETH - /1.
FAITT LI, A, B, CHOMBEEX L~ TR
NIEMEDTHB. T4bb, CHMREDE0% 19534
VIR Iz %2 2 0oz L, AR RE 056%.119584F
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R, #7213, $2FH4BRRESERFEYLGIL
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year of chart review, into those younger or older
than about age 55). In general, the prevalence rate
for most items coded was higher in the older
individuals in each study group, but few of the
differences between older and younger were statis-
tically significant. Those found to be significant
(at least P<.01) were as follows: Blood pressure
elevation (>140/>90) for those 30 or more ATB in
Groups A and B and all groups combined (A+B+C),
evidence for acute or chronic chest pathology on
physical examination for those 30 or more ATB
in Group C, and evidence of emphysema on chest
X-ray, an abnormal ECG, and recorded diagnoses
of atherosclerotic cardiovascular disease and
osteoarthritis-degenerative arthritis in those 30 or
more ATB for all study groups combined (A+B+C).

Comparison between study groups was carried out as
follows: between Groups A and C, between Groups
B and C, and between Groups A and B. Tables 5 and
6 list the items and the corresponding prevalence
rates that were found to be significantly (P <.05)
different between Groups A and C, and Groups B
and C. The items that are listed in both tables,
except for the family history and immunization
history, are all findings that would be considered

MG+ 5)., — Mz, FEELZEHBOKETOHE
PR, SPHEHLL, BEMES BLro 44, BE
B e FEEMELOMIAEGZLZBHIb0E L L2
oo ABE(DPECLLPC 0L) bbb DIERD &
BEOTHE. Thabb, AM, BRIUESHEH
(A+B+C) 08& O KR F#308E Ll L o& st b
B 140 DLk, f{E90LL k), C B [EUHREE F RS 308k
VI EBOEGMEIZ B0 2886 5 I8R5 S
R, 85612, B LALHAEY (A+B+C) O HRE
i 308% L) L o % o B i X MR L o Bl SAEAT R, LEE
SEHAT R B & U IRTE (LA O A AR & S B 2 - ZETERY
Wiz BT H 5 /2.

EREHMOLBIEADLI T Tabb, AR
ECH, BHLCH, sJUAREBR AL, &S
BPLUE6IE, ABEL CREM, £/, BHLCHMHTSA
BE(P< .05)2RLiHBEZOHAEMRAERZTRL /2.
ZOToOOFEICERIREhAEHEG, FRE - FHRAEE
BB, 2SHETAEEKRETREEA2 L2 NS

TABLE 5 SIGNIFICANT DIFFERENCES* BETWEEN GROUP B AND GROUP C
#5 BEICHOMTHESR*LTLLEE

Prevalence Rate (%)

Ttem i
WA Group ## B Group # C

Immunization History T Bi R FE 50.0 76.5
Physical Examination 4% & H

Blood pressure [filJE = 140/=90 48.2 21.5

Cataracts or corneal opacity HPIFE & 7 1 i i 21.4 43.1
Roentgenography of chest  Jig i X ¥ fa 7

Emphysema  fifi 4 i 14.3 31.4
Laboratory B FE M 3

Hemoglobin 10-12 g/100ml 46.4 76.5

Mm@k <10 g/100ml 5.4 20.4

Total WBC 3000-3999/ mm 3 16.1 35.3

FL B # 4000-4999/ mm 3 51.8 72.5

>10,000/ mm 3 10.7 33.3

Sedimentation rate ML > 40 mm/hr 16.1 33.3

Serum glutamic oxalic transaminase >40 units

My sy - AxHafEby > AT 3+ -+ 8.9 0.0

Serum iron <70 ;g/100m] 7.1 27,6

1L 17§ <30 yxg/100m] 3.6 15.7
Physician's Diagnoses [E i o) 32

Iron deficiency anemia R Z MR M 8.9 21.5

Cataracts =helia 14.3 43.1

Chronic lung disease 1 14 Bl 52 2 8.9 23.5

*P<.05 for each item &MHEHP < .05



TABLE 6 SIGNIFICANT DIFFERENCES* BETWEEN GROUP A AND GROUP C
#F6 AMLCHOMTAHBEZ*LRRL-EH

Prevalence Rate (%)

Item 8 i
wA Group B A Group B C

Family History T

Death by A-bomb 51 1 3F i 5 14.0 52.9
Immunization History T P 4 fill FF 30.2 76.5
Physical Examination ECR ¥

Cataracts or corneal opacity [ pyfit § 7 |13 4§t iR 1% 16.3 43.1
Laboratory BE FF B 3

Hemoglobin 1 %t <10 g/100ml 4.7 29.4

Total WBC @it sk ¥ <3000 0.0 13.7

3000-3999 9.3 35.3

Eosinophiles 178tk >6% 58.1 78.4

Sedimentation rate Il7L >40/hr 14.0 333

Cephalin-cholesterol flocculation abnormality

7Y s ALAFO—-LBREEORY 14.0 33.3

Thymol turbidity abnormality FE-NLEBBEGORE 4.7 19.6

Serum iron  ILiHE <30 pg/100ml 2.3 15.7
Physician’s diagnoses & 1 o) 85 W

Cataracts SRR 7.0 43.1

Gastrointestinal bleeding, source unknown I PR A< B oo 1 08 i 0.0 15.7

*P<.05 for each item &MWH&LHP < .05

abnormal on physical examination or on laboratory
evaluation. In all cases, except for elevation of
blood pressure and elevation of serum transaminase,
the higher prevalence rate is in Group C individuals.
For both comparisons, the differences fall into
(1) differences due to
known effects of A-bomb radiation (exposure and
death in family, cataracts); (2) differences due to
longer observation for the heavily exposed (history
of immunization); and (3) other differences (hema-
tologic, evidence of chronic lung disease). Group C
individuals show more anemia and leukopenia than
either Group A or Group B individuals. Most low
hemoglobin or WBC values were recorded on clinic
visits before 1956 for Group C individuals; low
serum iron levels and elevated sedimentation rates
were found sporadically throughout the total

three major caregories;

observation period for each individual in this group.

In an attempt to evaluate effects of high doses of
radiation ATB in this study, Groups B and C were
further analyzed as follows: (1) dose of 200-299 rad,
Group B vs Group C; and (2) dose of 300+ rad,
Group B vs Group C. The only significant difference
in prevalence rate with these comparisons was the
increased prevalence of cataracts in Group C
individuals, whether compared with both dose
categories combined (200+ rad) or in the 300+ rad
category.

FrRE»PDTHS. MELEREMEFT A7 3+ -+
OHMPLAIHE, WThECEOHEFTREN SV, o>
DHBTHEDLNLGEE, Z208Hb 20 AkNTE
B. Thbb, (1) EHREGE SO RE (F5E O S FELE,
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Malignancy was an area of special interest because
of the association between radiation and cancer,8
particularly in childhood exposures.? No cases
of leukemia were found in this group of individuals.
A total of 11 malignancies were recorded (code
question - any malignancy?) as shown below:

EMREBIL SR, R R L e D
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(FEALDLDOEE—R 6 AOEEFEE D7),
Thbb,

Any Malignaney
fol 5 2 o AL R A

Group Age ATB [5UHR IS4 i
. <30 30+
A 1 1
B 2 2
(& 3 2

The step-wise increase in cancer cases in Groups
A,B, and C coincide with increasing average
radiation doses as shown in Table 2. There were
5 cases of gastric cancer and 4 cases of thyroid
cancer. Thyroid cancer has been the subject of
special effort at ABCC and gastric cancer is the
most common malignancy in Japan.

DISCUSSION

The question asked at the conception of this study
the
cytogenetic abnormalities found in exposed individ-
uals and the status of their health. Analysis of the
data obtained from this chart review does not allow

is whether there is an association between

There was no consistent
correlation between the clinical parameters evaluated
Further-
more, a detailed review of all clinical information,
as carried out in this chart review, added little or
no information that is not already available from

us to answer this question.

and the degree of cytogenetic abnormality.

existing ABCC reports on radiarion effects (summa-
rized in references 8-10).

Tables 5 and 6 list the only significant findings of
this evaluacion. Group C individuals were frequently
evaluated initially in the late 1940’s because of
heavy exposure ATB. Part of this early evaluation
included a detailed family and immunization record,
the reason for the higher rates for these items with
Group C individuals. Also, the majority of Group C
individual’s records contain a detailed description
of acute radiation sickness. This record was ignored
by the reviewer, but the mere presence of it (which
had to be noted ta be present to be ignored) revealed
the exposure status of the individual to the reviewer
and to any examining physician on clinic visits.
Under these conditions it unlikely that
heavily exposed individuals were evaluated more

is not
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carefully for cataracts, and followed more closely
for hematologic abnormalities.

Another important point is related to Table 4.
Most Group C individuals underwent their initial
ABCC evaluation in 1953 or earlier. They were
followed longer and had more clinic visits than
either Group A or Group B individuals. And on
each clinic visit they would have at least a hemo-
globin and WBC count determined. Normal biological
variation alone reveal values for the hemoglobin
and white blood cells above and below the expected
range at some point over an extended period of
time. Laboratory variation in technique would
increase the likelihood of variation above and below
the expected range over the same extended period.
These two sources of variation probably explain
much of the increased prevalence of hematologic
abnormalities in Group C individuals.

When all these factors are evaluated, it can be seen
that the subtleties of an association between
induced chromosomal abnormalities in circulating
peripheral lymphocytes and the clinical status of
the individual cannot be defined with a study as
coarse and as biased as this chart review. The
information needed is not available. More impor-
tantly a suitable control group for heavily exposed
individuals with a high rate of chromosome aberra-
tions cannot be delineated since these factors seem
interrelated.3 It is important to reemphasize that
grouping by chromosome changes (as in B vs C) was
not independent.

The slight hints at hematologic abnormalities, or
marginal health, are all more easily
explained by defects in the design and mechanism of
the study (the bias) than by any complex relationship
to nuclear changes in circulating lymphocytes. [t is
not possible to separate the effects of chromosome
aberrations from those of radiation. This does not
contradict other observations which show radiation
effects on carcinogenesis8,? and certain physical
and hematological aspects.10

minimal
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MASTER FILE NUMBERS OF SUBJECTS IN THE STUDY BY GROUP (Tab. No. 2257.4)
HEHREOIEALTEES : B

Group A A

Group B B¥

Group C CH#
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