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In the continued interest of accurately defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radiation exposure doses are periodically refined. If warranted by
Juture dose assessments, the data reported here will be reanalyzed and subsequently reported.
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SUMMARY

A two-year ophthalmologic study of age- and
radiation-related ophthalmologic lesions among
the Adult Health Study (AHS) population of
Hiroshima and Nagasaki was conducted at RERF
in 1978-80 by members of the departments of
ophthalmology of Hiroshima University School
of Medicine and Nagasaki University School of
Medicine. The study population in both cities
was composed of all persons in the AHS exposed
to 100+ rad, their controls, and all other persons
in the AHS sample with a previous record of
axial opacities or posterior subcapsular changes,
and the in utero clinical sample. The ophthal-
mologic examination was conducted on 1,582
persons in Hiroshima and 719 persons in Nagasaki
belonging to the AHS sample, and 67 persons in
Hiroshima and 17 persons in Nagasaki belonging
to the in utero clinical sample. Participation in
the study was 42% of the eligible AHS sample
in Hiroshima and 21% in Nagasaki, and 24% of
the eligible in utero sample in Hiroshima and
26% in Nagasaki. Most nonparticipation in the
study was due to persons who refused or for
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whom it was not possible to arrange for an
ophthalmologic examination during the regularly
scheduled AHS medical examinations. It should
be emphasized, however, that the loss of
participants in both the control and 100+ rad
groups did not change systematically with
increasing age by city.

Increased lenticular opacities, other lens changes,
and loss of visual acuity and accommodation
occurred with increasing age in both exposed and
control subjects as manifestations of the normal
aging process. A highly significant excess risk for
all ages in the 300+ rad group in comparison to
‘those in the control group was observed for both
axial opacities and posterior subcapsular changes
in Hiroshima, but not in Nagasaki. The relative
risk of axial opacities for persons in Hiroshima
exposed to 300+ rad was 4.8 in the <50 age-group,
2.3 in the 50-59 age-group, and 1.4 in the 60+
age-group. In order to evaluate age-related radio-
sensitivity for the same parameters, a comparison
of ratios of relative risks (CRR) between the
<50 and 60+ age-groups was made at three dose
levels: 100-199 rad, 200-299 rad, and 300+ rad.
A significant excess of 3.3 was observed only in
the younger age-group who were exposed to
300+ rad. Analysis of relative risks and CRR
also were made for posterior subcapsular changes
in Hiroshima. The relative risk for the develop-
ment of posterior subcapsular changes in
Hiroshima for persons who were aged under
15 years at the time of the bomb (ATB) was 2.8
in the 100-199 rad group, 4.3 in the 200-299
rad group, and 5.3 in the 300+ rad group.
Greater radiosensitive aging in the younger age-
group in Hiroshima for posterior subcapsular
changes was observed for both the 200-299 rad
and 300+ rad groups with a significant elevation
at the 5% level. The CRR values for both axial
opacities and posterior subcapsular changes sug-
gest a stronger radiosensitive aging effect in
Hiroshima for persons who were aged under 15
vears ATB. Measurements in the in utero clinical
sample were not statistically evaluated because
of the paucity of persons examined.

INTRODUCTION

One of the earliest radiation effects observed at
ABCC was the occurrence of lenticular changes
among the atomic bomb survivors of Hiroshima
and Nagasaki.'™ The most frequently described
lesion was a posterior lenticular plaque of
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polychromatic sheen in Theavily irradiated
individuals, but very few discreet ‘*‘radiation
cataracts” were observed. Miller et al®* in a
1963-64 Hiroshima and Nagasaki comprehensive
ophthalmologic study were able to corroborate
the occurrence of posterior lenticular lesions in
the more heavily irradiated individuals and noted
that there had been very little progression in
these radiation-related lesions in comparison to
the observations made about 10 years previous.
An ophthalmologic follow-up of 97 individuals
in Nagasaki with radiation cataracts was conduct-
ed in 1966.° Preliminary analysis of the
unpublished data showed that about 60% were
unchanged, about 30% had improved, and about
7% had progressed. The details are unclear as to
which types of lesions had changed.

A number of earlier studies have been criticized
for defects in sampling and clinical methodology,
but nonetheless all these reports have indicated
some radiation-related lenticular changes, partic-
ularly in the axial posterior subcapsular region.
In the research protocol for the last ophthal-
mologic study, Miller et al®> summarized the
previously noted changes as follows: 1) Severe
effects of radiation include marked lenticular
changes which are recognized early. This group
includes a few with complete opacities, and more
specifically those with a large posterior sub-
capsular plaque, doughnut, or bivalve opacity
with resultant diminution of central visual
acuity. 2) Moderate effects of radiation may
produce a small iridescent posterior subcapsular
granular opacity which is visible with an
ophthalmoscope as a tiny axial dot. There is no
significant reduction of visual acuity. 3) Minimal
radiation effects consist of a polychromatic
sheen which seems to be in the plane of the
posterior capsule of the lens and can be seen
only with a slitlamp biomicroscope.

Miller et al then went on to point out that only
20 of all the persons examined in Hiroshima and
Nagasaki belong to category 1. The number in
category 2 also is probably relatively small, but
may have been as high as 15% among the small
group of survivors within 500 m from the
hypocenter. It was suggested that those in
categories 1 and 2 could have radiation cataracts.
Certainly the majority of those with abnormalities
are in category 3. The minimal posterior
lenticular lesions were not noted in the first
study conducted at ABCC by Cogan et al® It
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has been suggested that the lesions either were
not present at that time or that their significance
was not appreciated. It now is clear that the
posterior lenticular changes are nol radiation
specific. They may be seen in healthy individuals
at any age without a history of radiation
exposure, but the significance of the findings is
that the incidence appears to be greatly increased
among the heavily exposed survivors. The latent
period for the development of lenticular changes
may vary inversely with dose and may be related
to age ATB.

In the study conducted by Miller et al™® on
2,468 A-bomb survivors and controls in Hiroshima
and Nagasaki, the only findings which appeared
to be related to ionizing radiation were the
occurrence of axial opacities, visible with the
ophthalmoscope, and polychromatic changes of
the posterior subcapsule, visible only with the
slitlamp biomicroscope. Comparison  with
previous ophthalmologic studies seems to indicate
a decrease in the prevalence of radiation-induced
lens changes and no evidence that the minimal
polychromatic changes progressed to axial
opacities. Although the number was small, it
was suggested that the youngest individuals
studied (those in uftero ATB) had some
diminution of visual acuity in relationship to
radiation exposure.

The major objectives of the current study were
to determine what changes, if any, have occurred
with time in radiation-induced lenticular lesions,
the effect of radiation on age-related ophthal-
mologic changes and on age-related prevalence of
certain ophthalmologic lesions. Information of
this type is believed to be of importance in
understanding the natural history of age- and
radiation-related ophthalmologic changes and
their interactions.

MATERIALS AND METHODS

The study population in both cities consisted of
all persons in the AHS sample exposed to 100+
rad, their controls, all other persons in the AHS
sample with a previous record of axial opacities
or posterior subcapsular changes, and the in utero
clinical sample. Participants in the study were
restricted to individuals living within the RERF
contacting area on 1 January 1978. In the AHS,
the A-bomb surviyors in the 100+ rad group
numbered 1,855 in Hiroshima and 1,658 in
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TABLE 1 PERSONS SELECTED FOR THE OPHTHALMOLOGY STUDY FROM THE
ADULT HEALTH STUDY SAMPLE AND IN UTERO CLINICAL SAMPLE, HIROSHIMA AND NAGASAKI

Fl IRE - Bl o) BB EEA R AR (9] UG PO AR S ER R A E AR [l SR BHEMRE I h 2 B

AHS Sample

In Utero Clinical Sample

City
Total Control  Index

Change in

Total Control (199 rad) Index

(0 rad) (100+ rad) 1963-64 (1-99 rad) (0 rad) (LO0+ rad)
Hiroshima 3799 1855 1855 278 143 124 11
Nagasaki 3428  1658* 1658 66 37 20 9
Total 7227 3513 3513 344 180 144 20

*87 cases selected from NIC group, TR TEARH» S 87 EBA X

Nagasaki (Table 1). Controls were selected from
the daily schedule of clinical appointments on
the basis of a simple random stratified sampling
by age and sex, as far as possible, from among
those in the distal group (0 rad) in Hiroshima
and Nagasaki. In Nagasaki it was necessary to
select 87 persons from the nof-in-city (NIC)
group in order to make the number of controls
equivalent to that of the index cases. All other
persons with previously demonstrated axial
opacities or poslerior subcapsular changes were
selected without any sampling restriction, except
for those with these abnormalities in the NIC
group in Hiroshima. Except for the NIC group,
all 1,021 persons (800 in Hiroshima and 221 in
Nagasaki) constituting the in utero clinical
sample were selected for the routine biennial
examination. However, ophthalmologic examina-
tion of the in utero sample was conducted for
only one year between 1 June 1979 and 31 July
1980 in both cities, This reduced the potential
size of the in utero clinical sample to 404
persons in Hiroshima and 118 in Nagasaki, and
confacting restrictions further reduced the size
for routine examination to 278 in Hiroshima and
66 in Nagasaki (Table 1).

Ophthalmologic examinations were conducted
whenever possible at the time of a regularly
scheduled AHS biennial examinations. At the
time of notification of a regularly scheduled
AHS examination, persons selected for the
ophthalmology study were provided complete
information on the nature of the study and an
invitation to participate. Mydriatics were seldom
used in order to reduce the unpleasant side
effects that have influenced participation in
previous AHS ophthalmologic studies. The
examinations were performed by ophthalmolo-
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gists from the departments of ophthalmology at
Hiroshima University School of Medicine and
Nagasaki University School of Medicine. Frequent
comparisons of examination technigues between
the two cities were made in order to assure
uniformity. Photographs of lenticular lesions
were taken to make objective comparisons of
radiation- and age-related lesions, whenever
possible.

Lenticular examinations and terminology em-
ployed closely followed those of the ABCC study
conducted in 1963-64, so that valid comparisons
of various radiation-induced lesions between the
current and previous studies could be made. All
findings were coded for data processing by the
examining ophthalmologist on coding forms
which were very similar to those previously
used (Appendix 1).

The following examinations were conducted for
ophthalmologic evaluation (Appendix 2): 1)
Visual acuity, 2) Amplitude of accommodation,
3) External examination (cornea, iris-pupil), 4)
Intraocular tension (Applanation tonometry,
Schigtz tonometry), 5) Gonioscopy, 6) Fundus
examination by ophthalmoscope (cup-disc ratio,
macula, macular drusen, microaneurysms and/or
dot hemorrhages), and 7) Lens examination by
slit-lamp biomicroscope.

Upon completion of each examination the
physician provided the examinee with a brief
summary of the findings. Advice concerning
referral for follow-up diagnostic studies or
therapy was given at that time.

RESULTS

Table 2 shows the results of contacts made
between 1 April 1978 and 31 July 1980 for the
AHS subjects and between 1 July 1979 and 31
July 1980 for the in utero clinical study subjects.
Of the 7,227 AHS subjects, 328 (4.5%) were
losses from ‘“‘deceased,” “too ill to come,” and
“moved away from cily or out of contfacting
area;” there were 180 (4.7%) in Hiroshima and
148 (4.3%) in Nagasaki. A large number of
subjects, 1,998 (27.6%) had to be dropped from
the ophthalmologic examination, 477 (12.6%) in
Hiroshima and 1,521 (44.4%) in Nagasaki,
because the ophthalmologist was available only
on a half-day hasis in Hiroshima and three
half-days per week in Nagasaki. Of the 344 in
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TABLE 2 OPHTHALMOLOGIC STUDY CONTACTING RESULTS BY CITY AND SAMPLE, 1978-80

#2 HREZOWEFTOMESSR, B APCHEEME, 1978—80F
. AHS Sample In Utero Clinical Sample
Contacting
Result Total Hiroshima Nagasaki Total Hiroshima Nagasaki
Subjects % Subjects % Subjects % Subjects %  Subjects %  Subjects %

Examined 2301  31.8 1582 41.6 719  21.0 84 244 67 24.1 17 258
Refused 2600 36.0 1560 41.1 1040 30.3 202 58.7 175 62.9 27 409
Dropped* 1998 27.6 477  12.6 1521 444 53 15.4 31 11.2 22 333
Deceased 42 6 25 o 17 3 0 .0 0 0 0 0
Too ill to come 32 4 30 8 2 1 2 6 2 o 0 .0
Moved away 254 3.5 125 33 129 38 3 9 3 1.1 0 0

Total 7227 100.0 3799 100.0 3428 100.0 344 100.0 278 100.0 66 100.0

Tab #2992.2 and 2992.3

*Those who could not be scheduled because one ophthalmologist was available on a half-day basis in Hiroshima and

three half-days per week in Nagasaki.

ERTRBFESNGHLES, SFEAM, EM TR A0, FFEO0MO2BTELEELLAY, BELZHNL 2R

utero clinical subjects (278 in Hiroshima and 66
in Nagasaki), losses due to having moved away
from the city or out of the contacting area were
only 3 (1.1%) in Hiroshima and none in Nagasaki.
Ophthalmology study refusals in Hiroshima were
about 40% of the AHS sample and over 60% of
the in utero sample. In Nagasaki, the refusals
were about 30% in the AHS and 41% in the in
utero sample, but many persons who would have
refused the ophthalmologic examination were
recorded as ‘“dropped” because of the limited
availability of the ophthalmologists.

The distribution of examinees among those who
were contacted for the AHS ophthalmologic
study is given by city and age in Table 3. This
table indicates that there are no differences in
the examination rates between the control (0 rad)
and index (100+ rad) groups in Hiroshima and
Nagasaki. Examination rates by age in the two
comparison groups were similar in both cities.
The examination rates of subjects in the 1-99 rad
group in each city who had some ophthalmologic
findings in the 1963-64 study were similar to
those of their respective control and 100+ rad
groups. The age-city distribution of non-
respondents is, therefore, assumed to be similar
in various comparison groups. Approximately
67% of the AHS examinations in Nagasaki were
made by one ophthalmologist and the remainder
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TABLE 3 COMPARISON OF THE EXAMINATION RATES BETWEEN CONTROL AND INDEX GROUPS
CONTACTED FOR OPHTHALMOLOGIC STUDY BY CITY AND AGE

Fe 3 MEREENETEO LML B RE R CIEEROZLRO L, SR TR

Control (0 rad) Index (100+ rad) Change in 1963-64 (1-99 rad)

Age ATE

Contacted® Examined % Contacted® Examined % Contacted* Examined %

Hiroshima AHS
<40 180 55 30.6 187 64 34.2 1 1 100.0
40-49 354 165 46.6 342 146 42.7 12 5 41.7
50-59 460 247 53.7 491 260 53.0 28 16 571
60-69 333 147 44.1 329 152 46.2 20 12 60.0
70 + 442 158 35.7 412 146 354 28 8 28.6
Total 1769 TI2 43.6 1761 768 43.6 89 42 47.2

Nagasaki AHS
<40 138 32 23.2 130 30 23.1 3 0 .0
40-49 454 101 22.2 445 110 24.7 24 12 50.0
50-59 471 126 26.8 517 114 22.1 31 8 25.8
60-69 267 50 18.7 243 50 20.6 26 6 23.1
70 + 264 44 16.7 239 34 14.2 28 2 74
Total 1594 353 22.1 1574 338 21.5 112 28 25.0

*Thase who were contacted and invited to participate in the ophthalmologic study.

RE BT CEMT AL 7B RUVENL 208

by several other ophthalmologists. The 1,582
examinations in Hiroshima were conducted by
eight ophthalmologists. The number of examina-
tions per ophthalmologist ranged from a low of
60 (4%) to a high of 311 (20%).

General Evaluation

Axial Opacities. The prevalence of persons who
had axial opacities of one or both eyes in the
control and index (100+ rad) groups is given by
city, age at time of examination (ATE), and sex
in Table 4. In both groups and in both cities, the
prevalence of axial opacities increased with age.
When the relationship between the control and
100+ rad groups for both sexes combined is
examined by age ATE, there is an increasing
trend in the 100+ rad group for all age-groups
less than 70. A highly significant difference
within the 60-69 age-group for both sexes
combined in Hiroshima was noted with an
excess risk of about two in the 100+ rad group;
19.9% in the control group vs 39.7% in the 100+
rad group (P < .001). Such an excess is observed
in females, but in males there also is an
increasing trend in the 100+ rad group, although
no significant difference was noted.

REFEHAICLaTITbhre, IEBIZEIT 51,5828
OFEEE SAORBELCE-THbAE, REBE
1ASAEDOMERE, REOF(4%) o
(209 ) (2 e o fz.

— it i AT

MRS, STEETE R OEHE (100vad BLE) TFO,
FllZzZoLmRCcwEREE2ET280%8EEL
Hith, LR EM R UM I R4 ITRL AL W
FcHmizsnT, @ERROERELFERE LY
JZHINL 7. B Ao L A BERE R 0100 rad 1L
BEOMELZDHEMRBICHITT 2 L, 100rad
L b8 T 7088 LT @4 T o S i 85 0 1 0§ & A
Foohas, BBIZENT, BLEFL A2 60—69E DY
IZx L TEHFLEREHI100rvad LLEFIIRED 5 1,
FOMPY AT IZR2RE, Tabb, HEFF19.9%,
100rad DL EW39.7%Th o/ (p<.001). Z@
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HWTH, A2 4047, 100rad BLEFZEN
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TABLE 4 PREVALENCE OF AXIAL OPACITIES IN CONTROL GROUP AND 100+ RAD GROUP
BY CITY, AGE, AND SEX

F4 MBEFERCI00rvad DL EBEIZ BT 20ERG O RS, i, EE BTN

e Control (1-99 rad) Index (100+ rad)
2 f
ATE  Examined Positive Prevalence (Prevalence Examined Positive Prevalence © velug
% only %)
HIROSHIMA
Sexes Combined
<40 55 1 1.8 64 6 94 3.05 Sug
4049 164 10 6.1 146 20 13.7 5.11*
50-59 243 27 11.1 258 40 15.5 2.08 NS
60-69 141 28 19.9 146 58 39.7 13.49 #**
70 + 151 87 57.6 141 73 51.8 1.00 NS
Total 754 153 20.3 (16.7) 755 197 26.1 T3 %%
Male
<40 24 0 .0 29 1 3.4 .84 NS
4049 64 4 6.3 51 10 19.6 4.74 *
50-59 62 7 11.3 98 15 153 52 NS
60-69 36 5 13.9 49 13 26.5 1.99 NS
70 + 67 38 56.7 62 36 58.1 2.39 NS
Total 253 54 21.3 (14.3) 289 75 26.0 1.58 NS
Female
<40 31 1 3.2 35 5 14.3 2.43 NS
40-49 100 6 6.0 95 10 10.5 1.33 NS
50-59 181 20 11.0 160 25 15.6 . 1.55 NS
60-69 105 23 219 97 45 46.4 13.5: **%*
70 + 84 49 58.3 79 37 46.8 2.16 NS
Total 501 99 19.8 (17.9) 466 122 26.2 564 *
NAGASAKI
Sexes Combined
<40 32 1 3.1 30 1 3.3 .002 NS
40-49 101 3 3.0 110 3 2.7 .01 NS
50-59 126 7 5.6 112 5 4.5 .15 NS
60-69 50 12 24.0 48 7 14.6 1.39 NS
70 + 43 29 67.4 32 19 594 S2 NS
Total 352 52 14.8 (11.1) 332 35 10.5 2.75 Sug
Male
<40 14 0 0 17 1 59 B85 NS
4049 48 2 4.2 45 1 2.2 .28 NS
50-59 44 3 6.8 40 0 0 2.83 Sug
60-69 25 3 12.0 20 1 5.0 .67 NS
70 + 18 11 61.1 21 11 524 30 NS
Total 149 19 12.8 (25.00 143 14 9.8 64 NS
Female
<40 18 1 5.6 13 0 .0 75 NS
40-49 53 1 1.9 65 2 3.1 17 NS
50-59 82 4 4.9 72 5 6.9 .30 NS
60-69 25 9 36.0 28 6 214 1.38 NS
70+ 25 18 72.0 11 8 72.7 2.01 NS
Total 203 33 16.3 (.0 189 21 11.1 2.18 NS

The rate in 1-99 rad group is shown only for all ages combined because of the paucity of cases.
1 —WradWHEASEOL O EFEREEHLALOZDERLE

NS-P>.10, Sug-P<.10, *-P<.05 **-P<.01, ***-P<.001
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A significant excess risk for the occurrence of
axial opacities in the 100+ rad group with ages
and sexes combined in Hiroshima was observed;
20.3% in the control group vs 26.1% in the 100+
rad group (P < .01). The excess risk was
significant for females but not for males. The
males in the 70+ age-group constitute 70%
(38/54) of all cases with any axial opacity in the
control group and 48% (36/75) of such cases in
the 100+ rad group. However, a comparison
between the control and 100+ rad groups for
persons less than age 70 ATE (i.e., age 33-69
ATE) showed a highly significant excess risk in
males (P < .01). Variation was observed in the
relationship between males and females, but the
trend was not always consistent. No sex dif-
ferences for all ages combined within the control
and 100+ rad groups were noted; 21.3% males vs
19.8% females in the control group and 26.0%
males vs 26.2% females in the 100+ rad group in
Hiroshima. An excess risk could not be
demonstrated in the high dose group in Nagasaki
with all ages and sexes combined, since the
number examined probably was too small.

A strong excess risk for axial opacities in the
100+ rad group was observed for the youngest
age-group in comparison with those of the older
age-groups. Axial opacity risk comparisons in
the 100+ rad exposure groups were made for
three age ATE categories, <50, 50-59, and 60+,
Such comparisons were made only for Hiroshima
since excess risks for the various age-groups were
not observed in Nagasaki. The relative risk of
the 100+ rad group for <50 ATE age-group was
2.5 with significance at about the 1% level
(x*=6.78 with 1 df). The relative risks for the
50-59 and the 60+ ATE age-groups were 1.4 and
1.2, respectively, but the risks were not
statistically significant. CRR between the <50
and the 60+ ATE age-groups was estimated to be
2.1 by using (2) in Appendix 3. CRR was
found to be significant at less than the 5% level
(x*=4.40 with 1 df) using (5) in Appendix 3.
Such a significant excess risk found only for
individuals aged 3349 ATE (or aged <15 ATB)
in the 100+ rad group, suggests strongest radia-
tion sensitivity in the exposed young population
in Hiroshima. The result of such lens findings
thus supports the hypothesis that the lenses of
the young are more sensitive to radiation than
are the lenses of older individuals.

Posterior Subca};sular Changes. Table 5 shows
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TABLE 5 PREVALENCE OF POSTERIOR SUBCAPSULAR CHANGES IN
CONTROL GROUP AND 100+ RAD GROUP BY CITY, AGE, AND SEX

RERF TR 8-82

#5 AMBETERCL00rad LIEBIC B S ETELO RS, M, FE5RUHERN
Age Control (1-99 rad) Index (100+ rad) s
ATE x? value
Examined Positive Prevalence (Prevalence Examined  Positive Prevalence
% only %)
HIROSHIMA
Sex Combined
<40 55 1 1.8 64 16 25.0 12.08 #**
40-49 165 11 6.7 145 28 19.3 131220k
50-59 243 23 9.5 256 66 25.8 22.65Wak
60-69 141 27 19.1 144 57 39.6 14.3] ***
70+ 144 45 31.3 135 57 42.2 3.62 Sug
Total 748 107 14.3 (24.4) 744 224 30.1 53.96 ¥*#
Male
<40 24 0 .0 29 5 172 4,57 %
4049 64 4 6.3 51 16 314 12,47 +%%
50-59 63 7 11.1 96 27 28.1 6.55 %
60-69 36 7 194 47 13 277 J5 NS
70 + 63 21 33.3 58 26 44.8 1.68 NS
Total 250 39 15.6 (21.4) 281 87 31.0 725 %4%
Female
<40 31 1 32 35 11 31.4 8.79 *
4049 101 7 6.9 94 12 12.8 1.89 NS
50-59 180 16 8.9 160 39 244 14.98 ***
60-69 105 20 19.0 97 44 45.4 T 13 %%
70+ 81 24 29.6 77 31 40.3 1.97 NS
Total 498 68 13.7 (25.9) 463 137 29.6 36.30 #**
NAGASAKI
Sex Combined
<40 32 1 3.1 30 2 6.7 42 NS
40-49 101 4 4.0 110 4 3.6 .02 NS
50-59 125 7 5.6 113 9 8.0 .53 NS
60-69 50 10 20.0 48 12 25.0 .35 NS
70 + 41 20 48.8 31 19 61.3 1.11 NS
Total 349 42 12.0 (7.7 332 46 13.9 SO NS
Male
<40 14 0 .0 17 1 59 .85 NS
40-49 48 2 4.2 45 1 2.2 28 NS
50-59 44 4 9.1 40 1 2.5 1.63 NS
60-69 25 1 4.0 21 5 238 3.95 *
70 + 18 8 44 .4 20 11 55.0 42 NS
Total 149 15 10.1 ( 21) 143 19 133 .74 NS
Female
<40 18 1 5.6 13 1 T .06 NS
40-49 53 2 3.8 65 3 4.6 .05 NS
50-59 81 3 3.7 73 8 11.0 3.05 Sug
60-69 25 9 36.0 27 7 259 .62 NS
70 + 23 12 52.2 11 8 72.7 1.30 NS
Total 200 27 13.5 (20.0) 189 27 14.3 .05 NS
See Footnote Table 4. # 4 o¥EEK
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TABLE 6 PERCENTAGE OF SUBJECTS WITH CORRECTED VISUAL ACUITY LESS THAN 0.6 ASSOCIATED
WITH POSTERIOR SUBCAPSULAR CHANGES BY CITY, AGE ATE, AND DOSE

#6 HREBTENNLEHTAHRECHER N0 TOESE, M, SHEEERL EET
AGE: Vislual .;Sicuity — Posterior Subcapsular Changes

ATE e85 Lhan None Small Moderate and Large
100+ 1-99 100+ 199 100+ 1-99 100+ 1-99
Control rad  3ad Control fad  vad Control vl gad Control rad, $ad

Hiroshima

<50 Examined 220 210 6 208 166 4 11 41 2 1 3 0
%o 3.6 5.2 .0 24 4.2 0 273 9.8 .0 .0 .0 .0

50-59 Examined 246 257 16 223 191 13 20 62 3 3 4 0
% 19.1 16.0 0 19.3 13.1 0 10.0 210 0 667 75.0 0

60+ Examined 290 283 19 219 169 14 64 96 5 7 18 0
% 46.6 445 526 452 40.2 429 453 42.7 80.0 100.0 94.4 0

Total Examined 756 750 41 650 526 31 95 199 10 11 25 0
% 25.1 23.7 244 226 19.0 194 358 29.1 40.0 81.8 80.0 0

Nagasaki

<50 Examined 133 140 12 128 134 10 2 5 2 3 1 0
% 10.5 10.0 16.7 9.4 9.0 10.0 .0 40.0 50.0 66.7 0 0

50-539 Examined 125 114 8 118 105 7 3 7 1 2 2 0
% 11.2 15.8 12.5 8.5 13.3 00 400 28.6 100.0 100.0 100.0 0

60+ TFxamined 92 82 7 62 51 6 24 27 1 6 4 0
% 39.1 34.1 143 290 235 16.7 500 48.1 00 1000 75.0 0

Total Examined 350 336 27 308 290 23 31 39 4 11 7 0
%o 18.3 17.9 148 13.0 13.1 8.7 419 43.6 50.0 909 71.4 0

the prevalence of posterior subcapsular changes
for one or both eyes in the control group and
the 100+ rad group by city, age, and sex. The
prevalence of these lesions in the 100+ rad
group in Hiroshima always was higher than that
of the control groups in all age classifications,
but this was not found in Nagasaki. The relative
risk in the 100+ rad group by age ATE in
Hiroshima was 13.8 for the under-<40 age-group,
2.9 for the 4049 age-group, 2.7 for the 50-59
age-group, 2.1 for the 60-69 ape-group, and 1.4
for the 70+ age-group. The excess was highly
significant for all groups other than the 70+ age-
group (P < .001). The most remarkable risk was
for the under-40 age-group.

Table 6 shows the relationship between corrected
visual acuity and posterior subcapsular changes.
The data are consistent with previous observa-
tions that development of posterior subcapsular
changes as well as loss of visual acuity and
accommodation are part of the normal aging

HFARIRXIEFEIRO 8 T 28 (Lo s 4 i,
EREPEMCFALEZLOTHS, BB TIE 100rad
LDEBIHETZOREOEEE R, +NTOER
EfirswTEgLIOEEIIGr o4, BIWTI
ok agmEBEL s o, JREM100rad
LI E#§ 2 07 5% R0 8 B0 o0 1 5 A9 fE R R 0,
AORE SR IGHET 13,8, 40— 49T 2.9, RO—5ORE BT
2.7, B0—69RERET 2.1, T0EL EBTLATH 2,
TR L EBUSOTATOERBE VT,
BBV A EECEEELED 2 (p<.001). £
BE L) A 7 S0 RMWETH - /.

Z 7

REEHER DL RBTERLOMFEERLELOT
ba, COF- IR ARUENHOME L RRIZ,
BRTELOERSIEESENLBRO—FTH S L
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TABLE 7 PERCENTAGE OF SUBJECTS WITH REFRACTIVE ERROR EXCEEDING 1.00 DIOPTER
ASSOCIATED WITH POSTERIOR SUBCAPSULAR CHANGES BY CITY, AGE ATE, AND DOSE

#*7

ERTZMAEZAT 50RET, BHNEESHFEL0LHL 2

BHO¥E, Wi, FBMERECERY

Refractive

Posterior Subcapsular Changes

Ape Error Exceeding

greatest evidence of a possible radiation-induced
increased aging effect, as manifested by the oc-
currence of posterior subcapsular changes, is
present in Hiroshima individuals aged 3349
ATE (ie., aged <15 ATB). With regard to
posterior subcapsular changes an evaluation was
made for the <50, 50-59, and 60+ ATE age-
groups in a fashion similar to that made for
axial opacities. The relative risk for the 100+
rad group in comparison to controls was 3.9 for
the 33-49 ATE age-group, 2.7 for the 50-59 ATE
age-group, and 1.6 for the 60+ ATE age-group.
These values are highly significant below the 1%
level. Comparisons between these groups and
older exposed persons also were made for
evidence of an age-related synergistic effect.
The CRR for the relative risks of the <50 and
60+ ATE age-groups was 2.4. This value is
consistent with radiation enhancement of aging
effect for posterior subcapsular change in the
<50 ATE age-group (P < .01). The CRR for
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ATE 1.00 Diopter Total None Small Moderate and Large
100+ 1-99 100+ 1-99 100+ 199 100+ 1-99
Control "4 ag Control o raq Control " “4" 4 Control ad ¥l
Hiroshima
<50 Examined 219 209 6 207 165 4 11 41 2 1 3 0
% 269 292 167 246  26.7 0 63.6  41.5 100.0 100.0 .0 0
50-59 Examined 244 256 16 222 190 13 19 62 3 3 4 0
% 40.6 402 56.3 41.0 379 462 316 4521000 66.7 750 0
60 + Examined 289 281 19 218 168 14 64 95 5 7 18 0
% 509 473 526 472 494 50.0 594 421 600 857 556 0
Total Examined 752 746 41 647 523 31 94 198 10 11 25 0
% 40.6 398 488 379  38.0 419 543 429 70.0 818 520 .0
Nagasaki
<50 Examined 131 140 12 126 134 10 2 5 2 3 1 0
T 389 264 333 389 254 20.0 .0 60.0 1000  66.7 .0 0
50-59 Examined 125 114 8 118 105 7 5 7 1 2 2 0
% 448 553 25.0 415 552 143 1000  57.1 100.0 100.0  50.0 0
60+ Examined 88 82 7 62 51 6 22 27 1 4 4 0
% 51.1  62.2 833 500 647 S50.0 50.0 519 100.0 750 100.0 0
Total Examined 344 336 27 306 290 23 29 39 4 9 7 0
% 44.2 449 37.0 422 431 261 55.2 538 1000 778 714 0
processes.  The data also indicate that the BETEOREICFENS L 510, WA HIRRYE

EEBbN SRR RO & L N 2GRS, ERO
RASHFE RIS A9RERE (1 4 b b EUIR AR G 150 Sk )
ICRMENAZFERLTWA. TG0 401,
S0—S9E Rt A U60REL) LR A L T, BTz
T 5 ARl AR R RS L Rk FETITh s WHEE
LHe# L T100rad L) EBEO A0 EIEELL, 2B
B—49EBE T 2.9, BPBUES0 50T 2.7, T
60ME Ll LB TL.6TH 5 2. % K e
PITTowHEZA S5, HENTF M58
TAHEWIZ, ThEORE HEMEEMEY Ll L 7.
REEE M SOME o2 18 T AL F 608 L L BE 0 JHA MY R 2 o)
HEEE 2.4TH 5, ZOEER R0 RMRC
PUSHRBTEMICAT A0MOBES, KA
SOMIF BT 2 —HF B (p <.01). BEMGOE

Zhamiiis 1
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the relative risk of the 50-59 ATE age-group in
comparison to the 60+ ATE age-group was 1.7.
The value is significant at the 5% level.

The relationship between posterior subcapsular
changes and both visual acuity and refractive
error was examined by city, age, and dose
(Tables 6 and 7). There is a close correlation
between visual acuity and the degree of posterior
subcapsular change as judged from the percentage
distribution of persons whose corrected visual
acuities were less than 0.6. These observations,
however, are qualified since few persons had
moderate or large posterior subcapsular changes.
The frequency of occurrence of both reduced
visual acuity and subcapsular changes increased
with age. No significant differences in reduced
visnal acuity for persons with the same degree of
posterior subcapsular change in the control and
100+ rad groups were noted, however. The
percentage of persons whose refractive error was
exceeding 1.00 diopter increased with age.
An age relationship for posterior subcapsular
changes, however, was not suggested (Table 7).

Other Lens Opacities and Findings. Tables 8 and
9 show the occurrence rates for persons in the
study with cortical and nuclear opacities. A
remarkable increase in both types of opacities is
observed with age. Differences in the prevalence
of these lesions for the 100+ rad and control
groups by city, age, and sex are not remarkable.
The prevalence of other findings by city and
radiation dose in the current ophthalmologic
examinations is shown in Figure 1. None appear
to be radiation related.

DISCUSSION

Radiation damage to the human lens usually
appears after a latent period of several months
to several years. Sometimes radiation-related
changes first appear during later life. The
latent period for lens opacities from the time of
treatment with X- or gamma-radiation to the
time of appearance has varied from six months
to 35 years, with an approximate average of 2 to
3 years.”® In 1975 Marriam and Szechter'®
investigated the effect of age on the develop-
ment of radiation cataracts in the lenses of rats.
They made three interesting observations:
1) with doses of about 200-300 rad the early
lens changes occurred sooner and progressed
faster in the adult lenses than in the lenses of
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TABLE 8 PREVALENCE OF CORTICAL OPACITIES IN CONTROL GROUP
AND 100+ RAD GROUP BY CITY, AGE, AND SEX

RERF TR 8-82

e 8 APEEEAU00rad L) EHOEHREROZER, AT, R CERN
A Control (1-99 rad) Index (100+ rad)
ge 2
ATE e - 5 . x* value
Examined  Positive Prevalence (Prevalence Examined  Positive Prevalence
% only %)
HIROSHIMA
Sexes Combined
<40 55 0 .0 64 3 4.7 2.64 NS
40-49 164 13 7.9 146 20 13.7 2.71 NS
50-59 242 36 14.9 256 54 211 3.25 Sug
60-69 144 49 34.0 148 72 48.6 6.43 *
70+ 156 123 78.8 143 103 72.0 1.88 NS
Total 761 221 29.0 (22.0) 157 252 333 3.19 Sug
Male
<40 24 0 0 29 1 34 .84 NS
40-49 64 4 6.3 51 7 13.7 1.83 NS
50-59 61 6 9.8 99 16 16.2 1.27 NS
60-69 37 11 29.7 49 18 36.7 46 NS
70 + 69 53 76.8 63 47 14.6 .09 NS
Total 255 74 29.0 (7.1) 291 89 30.6 .16 NS
Female
<40 31 0 0 35 2 57 1.83 NS
40-49 100 9 9.0 95 13 13.7 1.07 NS
50-39 181 30 16.6 157 38 24.2 3.04 Sug
60-69 107 38 35.5 99 54 54.5 7.54 **
70 + 87 70 80.5 80 56 70.0 2.46 NS
Total 506 147 29.1 (25.9) 466 163 35.0 392 %
NAGASAKI
Sexes Combined
<40 31 1 3.2 30 3 10.0 1.14 NS
40-49 101 6 5.9 110 12 10.9 1.67 NS
50-59 125 20 16.0 113 19 16.8 .03 NS
60-69 50 24 48.0 49 24 49.0 .01 NS
70 + 43 40 93.0 34 29 85.3 1.22 N§
Total 350 91 26.0 (33.3) 336 87 259 001 NS
Male
<40 13 0 .0 17 2 11.8 1.64 NS
4049 48 3 6.3 45 6 13.3 1.33 NS
50-59 44 6 13.6 40 3 7.5 .82 NS
60-69 25 10 40.0 21 8 38.1 .02 NS
70 + 18 16 88.9 21 17 81.0 .47 NS
Total 148 35 23.6 (33.3) 144 36 25.0 .07 NS
Female
<40 18 1 5.6 13 1 T .06 NS
40-49 53 3 5.7 65 6 9.2 S3NS
50-59 81 14 17.3 73 16 21.9 53 NS
60-69 25 14 56.0 28 16 ST 1 .01 NS
70 + 25 24 96.0 13 12 92.3 23 NS
Total 202 56 27.7 (33.3) 192 51 26.6 07 NS

See Footnote Table 4. # 4 0 BiEE
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TABLE 9 PREVALENCE OF NUCLEAR OPACITIES IN CONTROL GROUP
AND 100+ RAD GROUP BY CITY, AGE, AND SEX

# 9 AR C100rad D EBEOBRBEBE, #H, Fi A UM

Age Control (1-99 rad) Index (100+ rad) i
ATE x* value
Examined  Positive Prevalence (Prevalence Examined  Positive Prevalence
e only %) %
HIROSHIMA
Sexes Combined

<40 55 2 3.6 64 2 3.1 02 NS
40-49 162 6 3.7 144 6 4.2 04 NS
50-59 240 12 5.0 252 12 4.8 .02 NS
60-69 142 43 30.3 144 38 26.4 53 NS
70 + 149 98 65.8 134 71 53.0 4.80 *
Total 748 161 21.5 (17.1) 738 129 17.5 387 %

Male

<40 24 0 .0 29 0 .0 -
4049 61 2 3.3 50 1 2.0 .17 NS
50-59 61 4 6.6 96 4 42 44 NS
60-69 35 12 34.3 48 % 14.6 4.45 *
70 + 63 43 68.3 57 27 47.4 5.37
Total 244 61 25.0 ( 7.1) 280 39 13.9 1035+

Female

<40 31 2 6.5 35 2 5:7 .02 NS
4049 101 4 4.0 94 5 5.3 .20 NS
50-59 179 8 4.5 156 8 5.1 .08 NS
60-69 107 31 29.0 96 31 22.3 .26 NS
70 + 86 55 64.0 77 44 57.1 .79 NS
Total 504 100 19.8 (22.2) 458 90 19.7 .01 NS

NAGASAKI
Sexes Combined

<40 32 0 .0 30 0 .0 -
4049 101 4 4.0 108 4 3.7 .01 NS
50-59 126 8 6.3 111 5 4.5 .39 NS
60-69 50 12 24.0 49 9 18.4 47 NS
70 + 43 34 79.1 33 26 78.8 001 NS
Total 352 58 16.5 (14.8) 331 44 13.3 1.36 NS

Male

<40 14 0 0 17 0 0 -
4049 48 2 4.2 44 2 4.5 .01 NS
50-59 44 3 6.8 40 % 5.0 .12 NS
60-69 25 3 12.0 21 3 14.3 .05 NS
70 + 18 12 66.7 21 15 714 .10 NS
Total 149 20 134 (16.7) 143 22 15.4 23 NS

Female

<40 18 0 .0 13 0 0 -
40-49 53 2 3.8 64 2 3:1 .04 NS
50-59 82 5 6.1 71 3 4.2 27T NS
60-69 25 9 36.0 28 6 21.4 1.38 NS
70 + 25 22 88.0 12 11 91.7 .11 NS
Total 203 38 18.7 (13.3) 188 22 11.7 3.70 Sug

See Footnote Table 4. #AOHESW
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FIGURE 1 PREVALENCE OF OTHER ABNORMAL FINDINGS BY DOSE AND CITY
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the young, 2) at doses of about 300-900 rad
opacities developed sooner in young lenses, but
progression was faster and severe opacities
developed sooner in adult lenses, and 3) at about
900 rad cataracts appeared sooner in young
lenses and progressed faster to severe opacifica-
tion. Their data, however, could not statistically
support the hypothesis that the lenses of young
persons are more sensitive to radiation than are
those of older persons. Thirty-five of 233 cases
studied by Langham'' in 1967 had received
high intensity doses that ranged from 23 to
2,400 rad. No opacities were observed with
doses of less than 200 rad. There were two cases
of minimum stationary opacities found at an
estimated dose of 200 rad. For all doses above
200 rad some patients showed a degree of
opacification which increased with increasing
dose. In a reanalysis of the lenticular opacity
data obtained by Miller et al* in 1963-64, the
“best” model with two thresholds (linear gamma
and linear neutron) in the statistical sense yielded
an estimated gamma threshold of 147 rad (95%
confidence intervals, 59-248 rad), a value very
similar to that commonly (:011_]'ectm‘ed.12

Two of the problems addressed in this study
were whether the lenses of young persons are
particularly susceptible to radiation aging and
whether there is an excess risk of lenticular
opacities at doses less than 200 rad. A
remarkable increase of abnormal lens findings
was observed with age. The development of
lenticular opacities and the loss of both visual
acuity and accommodation, as observed in the
present study, have been established to be part
of the normal aging process. Trends for the
development of axial opacities and posterior
subcapsular changes suggest a relatively stronger
aging effect for persons exposed early rather
than late in life in Hiroshima, but not in
Nagasaki.

The prevalence of axial opacities and posterior
subcapsular changes in exposed persons and
their controls was evaluated by age and radiation
dose (Tables 10-13). In all three age-groups, the
risk of opacities in the 300+ rad group was
significantly higher than that for the controls
(Table 12). The relative risk of axial opacification
was 4.8 in the <50 age-group, 2.3 in the 50-59
age-group, and 1.4 in the 60+ age-group. In
order to evaluate lenticular radiosensitivity in
relationship to age, a CRR between the younger

18

L0 T LA, 2) 300—900rad @ &4t T 12,
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WA ST scsirtagrok, 196TH LS
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TABLE 10 PREVALENCE OF AXTAL OPACITIES BY DOSE AND AGE, HIROSHIMA

#£10 BHEREBOERE, KRR UFH. LB

Dose Mean Dose in rad Total <50 years old 50-59 years old 60+ years old
Group
(rad) Total Gamma Neutron Examined Positive %  Examined Positive % Examined Positive % Examined Positive %
Control 0 0 0 754 153 20.3 219 11 5.0 243 27 11.1 292 115 394
100-199 140.9 110.2 30.7 388 78 20.1 105 6 5.7 125 12 9.6 158 60 38.0
200-299 246.0 - 186.2 59.8 149 43 28.9 38 4 10.5 51 7 13.7 60 32 53.3
300499 379.3 279.5 99.8 142 47 33.1 42 10 23.8 54 11 204 46 26 56.5
500-600% 576.6 414.4 162.2 76 29 382 25 6 24.0 28 10 35.7 23 13 56.5
(300-600*) (448.0) (326.5) (121.5) (218) (76) (34.9) ©7) (16) (23.9) (82) 21) (25.6) (69) (39 (56.5)
Total - - - 1509 350 232 429 37 8.6 501 67 134 579 246 425
*Dose estimate in Hiroshima for those exceeding 600 rad total dose was arbitrarily set at 428 rad of gamma and 172 rad of neutron.
EBIzHFF28R8R60rad D GEOHEEHR T, FEF > <428 rad, FHEFBIT2rad £ L7
TABLE 11 PREVALENCE OF POSTERIOR SUBCAPSULAR CHANGES BY DOSE AND AGE, HIROSHIMA
#11 BRBETLEORRE, GRETFRI, K
Dose Mean Dose in rad Total < 50 years old 50-59 years old 60+ years old
Group
(rad) Total Gamma Neutron Examined Positive %  Examined Positive %  Examined Positive %  Examined Positive %
Control 0 0 0 748 107 14.3 220 12 55 243 23 9.5 285 72 25.3
100-199 141.0 110.1 309 384 88 229 105 16 15.2 125 21 16.8 154 51 33.1
200-299 245.7 186.0 59.7 146 47 322 38 9 23.7 49 14 28.6 59 24 40.7
300499 379.9 280.0 99.9 139 57 41.0 41 11 26.8 54 20 37.0 44 26 59.1
500-600%  576.3 414.2 162.1 75 32 42.7 25 8 32.0 28 11 39.3 22 13 59.1
(300-600%) (444.9) (325.5) (1194) (214) (89) (41.6) (66) (19) (28.8) (82) (31) (37.8) (66) (39) (59.1)
Total = — - 1492 331 22.2 429 56 13.1 499 89 17.8 564 186 33.0

See Foornote Table 10. #1000 Wix &0

T8-8 UL 44HH
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TABLE 12 RELATIVE RISK BY AGE-GROUP AND COMPARISON OF RELATIVE RISKS BETWEEN
YOUNGER AGE-GROUPS AND OLDEST AGE-GROUP FOR AXIAL OPACITIES, HIR OSHIMA

F12 iR o R TR A RS IR N O 1D S M R O R O AT SRR R o M, TR R
Dase < 50 years old 50-59 years old 60+ years old
Group
(rad) RR x? CRR x? RR x? CRR x? RR x? CRR
100-199 1.14 07 NS 1.18 .11 NS .86 20 NS 90  10NS 96 .09 NS 1.00
200-299 2.10 1.77 NS 1.55 58NS 1.24 .29 NS 91 05 NS 1.35 4.63* 1.00
300+ 4.75 18.15*%*% 331 9.54 ** 2.30 10.20 ** 1.61 2.65NS 144 795 *# 1.00

RR — Relative risk
HIAF 9 1 1

CRR — Comparison of relative risks
o Bl A B

TABLE 13 RELATIVE RISK BY AGE-GROUP AND COMPARISON OF RELATIVE RISKS BETWEEN
YOUNGER AGE-GROUPS AND OLDEST AGE-GROUP FOR POSTERIOR SUBCAPSULAR CHANGES, HIROSHIMA

Fe13 P g T 281600 M T BE Ao dr i e 5 Sl OF L2 3 AR R A UM IR O TR MO R BE O ML, RS

Dose < 50 years old 50-59 years old 60+ years old
Group

(rad) RR x? CRR x? RR »? CRR x? RR x? CRR
100-199 2.79  B8.01 ** 213 3.69 Sug 1.77 4.17* 1.35 90 NS 1.31 3.12 Sug  1.00
200-299 4.34 13.18 #*% 270 4.95* 3.02 1350 *** 1,87 3.15Sug 1.61 6.46 * 1.00
300+ 528 2380** 226 4B3* 3.99 32.27 *** 171 3.57 Sug 2.34  34.60 ***  1.00
See Foornote Table 12 #1200 Mg

age-groups and the oldest age-group was made SRl B 2817, 300rad Ll ETHERL 2 ER R

for persons exposed to 300+ rad. The observed
CRR of 3.3 for the youngest age-group suggests
an increased radiation-induced aging effect in
heavily exposed persons who were aged <15
ATB. A similar effect could not be demonstrated
in the young persons belonging to either the
100-199 or 200-299 rad groups. The same
analyses of relative risks and CRR also were
made for posterior subcapsular changes (Table
13). The results indicate that the relative risk of
developing posterior subcapsular changes for
persons aged 33-49 ATE is significantly increased
to 2.8 in the 100-199 rad group, 4.3 in the
200-299 rad group, and 5.3 in the 300+ rad
group. A similar significant relative risk also
was noted in the 50-59 and 60+ age-groups. The
strong radiosensitive aging effect, however, was
more evident in the exposed young persons than
in those aged 60+ for both the 200-299 and
300+ rad groups. There was also, a suggestive
aging effect for persons aged 50-59 in the
200-299 and 300+ rad groups.
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It is unclear as to why a stronger aging effect
appears to be present in the exposed survivors
in the 3349 ATE age-group in Hiroshima but
not in Nagasaki. Some of the possible explana-
tions include observer bias or qualitative dif-
ferences in types of radiation exposure in the
two cities.

In the Framingham Eye Study'®'* about 45% of
the population aged 75-85 had at least one eye
aphakic or with senile cataract and associated
visual disability. The results of the Framingham
Eye Study have been compared with fragmentary
information of a similar type from other areas
of the world. [If was emphasized that very
little useful similar data are available but that the
prevalence of these disorders varies widely in
different parts of the world. The Framingham
Eye Study Monograph'® described selected
findings with respect to cataract, glaucoma,
diabetic retinopathy, and macular degeneration
in a general population of 2,631 adulis.

It has not been possible to conduct a study at
RERF which is completely comparable to that
of the Framingham Eye Study. However, for
lenticular opacities and posterior subcapsular
changes, the current study yielded results very
similar to the results observed between 1963-64
(Appendix 4). About 67% of the ophthal-
mologic examinations in Nagasaki were conduct-
ed by one ophthalmologist. In Hiroshima, eight
ophthalmologists were engaged in the determina-
tion of the lens findings. A large number of
subjects had to be dropped from the ophthal-
mologic examination schedules in both cities due
to the fact that there was only half-time
ophthalmologic coverage in Hiroshima and even
less in Nagasaki. These losses, however, in the
control and 100+ rad groups do not change
systematically with increasing age by city. For
small axial opacities and small posterior sub-
capsular changes, observer variability among the
ophthalmologists in the study was large. The
examinations in both cities were conducted by
ophthalmologists who had no knowledge of the
individual’s radiation exposure history.

Appendix 4 lists the Master File number by age,
sex, and radiation dose of all examinees with
axial opacities or posterior subcapsular changes
in either or both the 1963-64 study or the present
study. Data on corrected visual acuity,
refraction, astigmatism, and accommodation also
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G EE O DG RS HTIE B ) 2 BB 33— A0RE BE O BE AR
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are included, The proportion of persons who
did not have posterior subcapsular changes to all
cases with any axial opacity was 32% in

Hiroshima and 44% in Nagasaki, However, it is
" noted that almost all were persons with a

RUSMEAIMY 37— 2bEEhTns. H%ET
Zile b hwREL, WorOMEREEET S
el Ok R, ERBTIL32%, EMTIHEMU%T
Folk. L Lads, EDEEALOH R LMD

small opacity only.
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OPH. Exam. Not Douel

OPHTHALMOLOGY RECORD g # 30 §3

(818

THERAS B LN —O

Acuity

05

2. Refraction

o]

moel oo Bk e O

Plano to 1.00
1.2 to 3.00
31210 5.00
51210 7.00
7.2 to 9.00
912t 11.00
1 2o 15.00
12 to 1H.00
18:12 plus
Can't determine
Minus sign
Not recorded

oD
1]
1
2
3
4
5
[
T
8
Ll

Pinhale acuiry
Not recorded b

THOE LD AB W=D
T

o
A

I, T:

Mo abnormalities

Lid or orbit

Conjunctive ar corne

Iris ar pupil

Lens or vitreous

Reting or optic nerve

Maculs

Meuromusculur

Ahsence or gross deformity of eve
More than one of positions | -7
Other shnormality
Helerochromin

Mot recorded

RO ENO M B L=

7. Inflammation, Neoplasm, Degeneration

MNo abnormality

Lid or arbit
Naso-lacrimal system
Conjunctiva

Corneu

Uvea

Retina

Macula

Nerve head
Neuromuscular
More than one of positions 18
CHher abnormality
Mot recorded

B

OPHTHALMOSCOPE
8. Cortical or Nuclear Opacities
0 None

on
1 Slight
1 Maoderute

0s
3 Shight
4 Moderote
Both eves
5 Shight
6 Muoderate
T One slight, one moderate

X Poor or atsent red reflex
h Mot recarded

3. Astigmatism- 4.
(Plus eylinder)

oD O§8

0 0 <o A
1 I 0.5-1.00 B

3 2 1.01-2.00 o

3 1 2.01-3.00 D

4 4 3.01-5.00 E

5 5 501 P

9 9 Con't determine

b b Not recorded

CR-TEIG

9. Axial Opacitics
op a5
a 0 MNone
1 1 Slight
2 2 Moderate
a 3 Large
4 4 ‘Do-nut”
b b Mot recorded
SLIT LAMP
10.  General Findings
op as
1] 0 Normal lens
| I Aphakia
2 2 Subluxation
A 3 Luxation
4 4 Anterior capsular pody -
chromatic sheen
5 5 Cither
h b Mot recorded
11.  Cortical Opacities
Development
op 05
o 0 None
] I Incipient
2 2 Immature
3 3 hlature
4 4 Hypermature
X X Congenital
b b Not recorded
Iy pe
on 05
(4] 0 None
1 1 Few or moderate
2 2 Many
Corunary
oD 05
3 3 Few or moderate
4 4 Many
5 5 Positions 1 and 3 ahove
& 6 Positions 1 and 4 nhove
7 7 Paositions 2 and 3 ahava
8 & Positiuns 2 and 4 above
X X Flukes
b b Mot recorded

Accommadation OU

(Dioptors)

=0.50

051 to 1.00
1.01 to 1.50
1.51 to 2.00
2.01 to 2.50
2.5 to 3.00
3.01 to 3.50
31.5] 1o 4.00
4.01 lo 5.00
501 10 5.50
6.01 to &.50
6.5 1o 7.00

e =
g 3

TeRLN -

>

o

Tt b =

5. Tension($.5gms)

op 0s
M 7.01-7.50 0 0 =<0
N 7.51-8.00 1 I ]
O 8.00-8.50 z 2 1
Po8519.00 - 13
Q 9.019.50 4 4 14
R 9.51-10.00 5 7] 15
5 10.01-10.50 o ) 17
T 10.51-11.00 7 7 18
U 11.01-11.51 8 & 20
Vo11.51-12.00 2 9 21
W 1201 X X 24
X Can't determine v v o> 25
Cortical Opavities (Continued)
Type
0§
0 None

I Lametlar sep. or water clefts
2 Cloud-like or radial

3 Hoth | and 2 above

X Anterior sub-capsular opacity
V Anterior ‘Disjunction” opacity
b Not recorded

MNuelear Opacities

05

0 Nane

1 Slight

2 Moderate

3 Bruneseenl
4 Other

X Cangenital
b Mot recorded

Posterior Subcapsular Changes
05

mal (<2 1.0 mm)

3 Small (1.0 to 2.4 mm)

4 Moderate (2.5 to 4.9 mm)
5 Large (> 5.0 mm)

b Mot recorded

05
0 None
| Poiychromatic sheen
2 Polychromatic granular sheen
3 Flot plaque
4 Projects into posterior cortex
nction’ 2one
L] .Bl albve”
X Indistinct marging
WV Vacuoles
b Mot recorded

Pupil dilated
Yes

Patient refused
Contraindicated
Mot recorded

Page | nf 2 pages

OPHTHALMOLOGY RECORD
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APPENDIX {12 1b

OPHTHALMOLOGY RECORD

iR ¥ EC i

15, General T

ings = Fundus 20.

Mo abmormality

Ahnormal pigmentation
Cartan woal exudaote

Waxy ecudate

Fdema residue

Chalesterol erystals
Combinations of positions 1-9
Other findings

Not seen adequately
Abnormality -findirect’ scope
Mot recorded

T MO AL -

Arterinles
Light reflex

MNarmal

Slhight irregularity

Moderate irregularily

Marked irregularity or 'Copper wire®
Oeclusion central retinal artery or branch
Not recarded 21

TaLUMN=O

Crossing defecis

Mone

Mild

Moderale

Severe

Sheathing of arteriole
Mot recorded

M -

17.  Veins

Marmal

Dilated

Ceclusion

Combination of pos. | and 2
Sheathing

Not recorded

T

22

18, Hemorrhage

None

Flame

Punctate {(Microaneurism)
Pre-retinal

White center

Flame nnd punctate
Flame and white center
Other hemaorchoges
Retinitis protiferans

Mot recorded

o e

19.  Cornea (Senile changes)
Arcus senilis

0 MNone

I Karly

1 Moderate

3 Marked

X Guitate chinges
h o Neot recorded

Pertinent Health Questionnaire ltems 23, Photography

MNeed glasses to read? I Fundus photography
b No answer 2 Anterior Segment

1 Yes Phatogeaphy

2 Nm

Meed glasses for distance?
1 No answer

1 Yes

2 Ne

Vision ever blurred?
0 No answer

I Yes

2 No

Examining Ophthalmalogist =
I Taokase

1 Mishima

3 Ogit

4 Bakat

5 Hasehe _ —_—
G Inoue

7 Kendo

B Cinaka

9 Okimotn

b Mot recorded

Findings

Dr. Miller R.J.

0 MNormal
'RADIATION CATARACT'

1
2 Pasterior sub-capsular vacuoles
3 Postsub-capsular ‘PLAQUES®

Findings I and 2 abuove

a
5  Findings | and 9 above
6 Findings 2 and 4 above

T Findings 1.2 and 4 above
& Dther eyve abnormalitios
9 Other lens apacities

B Mot recorded

Page 2 of 2 pages

OPHTHALMOLOGY RECORD
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APPENDIX f$% 2a

OPHTHALMOLOGY EXAMINATION R # 45 &

wilhout R with B with pinhole with lens & pinhole
A Haliw A -z katll) - T e U -
VoD { )
VOs ( )
Old Glasses 80/ 14§ Skiascopy (Retinoscopy)
Va §EN N o 42 ik
oD D = eyl DA, { )
0s D < oyl DA, ( )
Amp Accom 2P T Adg= 9P s oD 0s
9 ) 0s Ly A O cm ;
s oD D Ocular Tension
Corrected Amp = {EAE
T i i
TOD: mmHg
Hirshberg 1 mo o a~n 7R 5
NPC il bt i cm TOS: mmHg
Eye ball oD N
&R
0s N
Lids oD N
L e
oS N
Conjunctiva oD N
L 0s N
Sclera oD N
SRS 0s N
Cornea
in K
oD N
oD as 0s N
Anterior Chamber aD | N |
i1 K 08 N
lris oD N
£% s N
Pupil oD N
B AL
08 N
Page | of 3 pages MED fifin 378

OPHTHALMOLOGY EXAMINATION
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APPENDIX 1 §% 20

OPHTHALMOLOGY EXAMINATION 2 3 §& 3

Lens
LeLE

Anterior part
114

oD 0s
oD Qs
Posterior part
& il
oD
M

Slit Lamp Examination
LB AT 11 e 1

\
Y4

N oD Cornea fi i Lens A 4 Cornea 1M1 Lens & i (4 OS | N

Puge 2 of 3 pages OPHTHALMOLOGY EXAMINATION M Abu ITH
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APPENDIX 1782 2¢

OPHTHALMOLOGY EXAMINATION [ ##4% %

Vitreous
i [-1% oD| N

Fundus 15 oD - 0s

Optic Disc Horizontal ! Horizontal i

WAL LG Aop L

/D Ratio Vertical ! Vertical /
il Tt

Vessels
I

Retina
R

Macula
o BE

Other Examinations
Z O flm b

Remarks
LR

Photograph . Sea. (i A Examiner
G Ant: 30D Li il ABSEDL

Lens 4 ih ik Yes No

Fundus it & Yes No

Fagy:amb::puges OPHTHALMOLOGY EXAMINATION MED 66 178
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APPENDIX 3 COMPARISON OF RELATIVE RISKSIN A 2 x 2 X 2 TABLE
188 2 X2 xX2RCHIIEHBEBREDHE

Let 2Xx2x2 contingency tables be denoted for cop2XeX2HnEFEEi=1, 2TRT.
i=1, 2 by
Control Exposed
X1 X2
M —3n Niz = Xj2
0y My

We shall assume that the number of cases with MsrOHFMRAOEME, (i, j=1, 2)13,
any positive finding, Xjj (i, j=1, 2), has indepen- T o o
dently a binomial distribution with parameters ;i j’\ f)e ) 7 F“Lii&UPiit 0< pii<‘. l_J - ‘E‘ > T IS
and p;; (0<p;<1), where the subscripts i=1, 2 WIfE) eRET S (2D E &, WAFiIi=1, 24,
denote the younger age-group and the older HEWMBREUGEBHLTT) . 0 Eieo s

age-group, respectively. The estimate, ¥, of the - . o
relative risk is defined by the ratio of rates as a fl, Wi b5, *HRATEE WOMBF & OBGERE 25 0 &

measure of the degree of association between the LTRERDIZEI-TERESNS. T4 bbb,
control group and the exposed group, i.e.,

S
A Pi2
(= (1)
Piy
o ~ -~ 2 e
where p;; = %;;/n;; and p;, = X, /055, EL. py=xy /0, THN, pyp=x;,/n;, TH 3.

We are interested in comparison of relative risk FHERT L BTEMTEOMIC, MRS sy

age-group, because there may be a difference in - o e
radiation sensitivity between the two age-groups, BukA s 5. MOERELBROMER, Vid,
The estimate of CRR, ¥, is defined by the ratio fEmENkick-s TR R B, ThbB,

of the relative risks, i.e.,

A~ @]
T e 2
v,
where iitl is an estimate of rela}ive risk in the el P g’l W, i =118 2 E RO AR E
younger age-group for i=1, and ¥, in the older fREOHEEB-THY, T, 0k, i=210810 3 HEMB
Apomreip forind. OMMfEEEDOHMEETH S,
The logarithm of the estimated CRR (2) is : 1 g ;
expressed by FE et &% 7 P HE bb e R (H(2) 00 & 30
X =log(¥,) — log(¥,) 3)

28
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The asymptotic variance of the estimate X of A 52505, nswizht 54 OMEMA ) il 35
for n—eois given by aift,

x (ny; —x11) (g — x49) (ngy — X91)  (n22 — X92)
V(A) = + + + (4)

Nyy X113 Nz Xi2 Ny X N2 X292

Hence, the value of x? under the hypothesis ELTRHehsd, LiEdaT, MBLENF TV
Hp:A=0 whz?n we have no difference between S ERB Hy A= 008 & onr’ Ml
two groups, i.e.,

~
2w X

X =
v

(5)

has approximately chi-square distribution with T, EMMICERE10A { BRSHIZED .
one degree of freedom.

7 1 ! B U 2tk TR
The quantity (5) is the same as the test R Ratnaya]\_e ) Y jﬂ_ﬁ E——— T’
statistic for the relative dominant lethal frequency ShAMMMEEREREORELHREFALT
introduced by Ratnayake! and Otake?. H3.

REFERENCES TO APPENDIX 3
152 3 OEETH

1. RATNAYAKE WE: Effects of storage on dominant lethals induced by alkylating agents (triethylene
melamine and ethyleneimine). Mutat Res 5:271-78, 1968

2.  OTAKE M: Comparison of relative risk, attributable risk and logistic response procedures for 2X2X2 and
¢ 2X2X2 contingency tables. Ann Inst Statist Math 33(B):475-86, 1981
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APPENDIX 4 SUBJECTS WITH AXIAL OPACITIES OR POSTERIOR SUBCAPSULAR CHANGES IN
ONE OR BOTH STUDIES (1963-64 AND 1978-80), HIROSHIMA AND NAGASAKI

84 —HX @A O (1963 —645 L 1978—80% ) THItEER S 2 3 RBTEL %
FLAKERE, LR UG
HIROSHIM A
Age Dose 1963-1964 Study Present Study
MF No. Sex

ATB ATE Gam. Neu. Tot. Axi Pos. Acu. Ref. Ast. Ace. Axi. Pos. Acu. Ref. Ast. Acc
2 I8 32 0000 0000 0000 00 20 11 I ali} N 0o 00 00 00 01 05
| 39 72 DORO 0023 0103 00 a0 00 11 [111] G 10 20 20 11 0o 01
1 16 51 0408 0110 0518 00 01 00 00 o0 N 00 00 00 00 00 02
2 22 56 009 O001B 0114 00 00 11 L] 10 H 11 oo 10 0o 09
2 2 66 0267 0202 0469 01 44 01 1 00 (&) 11 33 44 13 00 06
2 27 61 0106 0026 0132 00 22 0o 1 11 G 11 22 10 00 00 01
2 28 62 0233 0054 0287 00 33 00 1 11 I 22 44 13 00 22 0s
¢ 19 52 0049 D020 0069 0O 30 00 00 00 L Do oo 00 00 a0 08
1 20 54 0250 0062 0312 00 22 15 00 00 K 22 33 57 99 29 99
2 27 61 0117 D021 0138 00 22 00 11 [¢]¢] K 0o oo 21 10 01 05
2 31 66 0144 0031 0175 00 22 00 1 411} D 0o 02 12 00 00 08
1 38 72 0127 0085 0212 00 00 o 0 0 B 0o 22 44 00 00 07
2 25 &0 0067 0027 0094 00 33 10 " 00 H 00 02 L] 00 00 03
1 07 42 0619 0379 0998 11 33 10 Z 22 44 00 00 10 09
1 o8 42 0204 DIOB 0312 DO 22 10 KJ 0o P 00 0o 00 10 10 13
1 10 43 0161 0038 0199 00 00 20 ML 21 T 00 11 0o 22 20 09
2 10 45 0le6 0031 0197 00 33 an " 0o w 0o 0o 00 00 00 06
2 30 64 0035 0014 0049 DO 22 00 " 0o F 0o 00 02 0o 01 03
1 23 58 0203 0048 0251 0O 12 00 o 00 ] 00 00 0o 0o a0 03
2 22 56 0079 0DO18 0097 00 22 00 1] 10 K 00 22 on 01 10 06
2 27 61 0151 0040 0191 DO 0o 00 1] 00 ] 00 11 00 0o 00 04

32 66 0180 0057 0237 OO0 00 00 00 0o D 12 32 00 00 00 03
1 21 56 0307 0090 0397 00 33 0o 0o 0o I 00 0o 20 00 10 a3
2 37 72 0203 0146 0349 00 33 00 10 [u]1] c 11 a2 31 00 01 07
P 35 68 0284 0066 0350 00 0o 00 " 00 D 10 01 00 01 02
2 12 46 0184 0130 0314 00 22 00 8 00 R 00 00 00 00 Qo 08
1 17 51 0351 0084 0435 00 33 00 00 0o N 01 02 00 0o 00 04
d; 18 52 0305 0086 0391 11 33 00 00 00 N 11 22 01 [b1] 01 05
2 46 78  0DO87 0053 0140 00 00 00 01 a0 A 11 33 23 11 00 a2
Z 13 48 0199 0139 0338 00 01 00 00 00 P 00 12 00 00 0o 05
2 22 56 0145 0024 0169 00 00 00 1 22 I 11 33 32 00 11 06
2 13 47 0180 0104 0284 00 22 0o 0o 00 B 0o 00 Do 0o 0o 04
1 38 72 0118 0043 0161 00 22 14 [ 6} 0o 00 33 31 00 09
1 18 52 0218 0047 0265 00 22 0o 1 01 N 0o 00 0o 00 1 05
] 46 81 0142 (065 0207 00 21 0o 1 00 H 11 00 33 11 [u1] 01
2 25 60 0138 0032 0170 00 00 0o 1] 00 H 01 03 03 11 10 01
1 30 64 0047 0010 0057 00 22 11 11 33 F 00 00 12 11 00 06
2 03 37 0189 0094 0283 00 . % 00 " 00 W 0o 22 00 0o 00 11
2 42 75 0046 0025 0071 00 22 11 00 00 B 11 11 32 an 01 06
1 37 71 0109 0020 0129 00 00 00 10 00 A 00 22 T0 10 10 03
1 36 71 0149 0101 0250 00 20 00 1 00 D u]i] 00 23 00 00 07
1 18 53 0050 0008 0058 OO0 1 03 IN 15 K 00 00 02 13 00 03
2 16 51 0311 0096 0407 00 33 00 00 00 6] 00 00 00 \]¢] 00 02
1 29 63 0089 0049 0138 00 22 [41] 00 0o B 00 00 12 11 o0 1]]
2 43 79 0364 0129 0493 00 00 10 1A 00 E 00 11 11 10 11 07
2 49 83 0226 0Ole6e 0392 00 00 11 11 00 F 11 33 43 11 00 929
2 43 76 0103 0021 0124 00 22 00 00 00 D 00 30 32 01 10 03
2 50 83 0160 0038 0198 00 2 00 00 0o [b] 11 0o L1 00 00 m
7 15 50 0250 0066 0316 0O 22 0o 0o 0o Q 00 0o 01 11 00 04
2 31 66 0067 0027 0094 OO 10 00 1 00 G 00 00 11 00 11 0s
2 34 67 0119 0024 0143 00 a0 44 42 22 E 03 4 77 99 99 29
1 14 48 (0035 0006 0041 00 10 00 00 00 Q 00 11 0o 00 00 06
2 24 58 0150 0031 0181 00 20 21 OK 00 L 00 00 53 83 00 04

a5 68 0239 D061 0300 11 44 00 i 00 E 11 11 22 00 0o 10

20 54 0507 0128 0635 00 22 00 0o 00 1 00 22 00 11 10 02

41 76 D117 0027 0144 00 20 11 It 12 c 1 22 33 99

06 40 0335 0070 0405 00 22 00 1 00 R 00 0o a0 11 11 09

30
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Age Dose 1963-1964 Study Present Study

12 46 0249 0112 0361 11 33 01 KK 01
38 72 0040 0007 0047 00 33 0o 00 00
26 60 0218 0131 0349 22 44 81 NO 02
33 67 0147 0031 0178 00 0o 11 I no
19 53 0573 0148 0721 00 33 oo 1 no
21 56 0271 0067 0338 00 no 00 1 00
41 75 0424 0084 0508 00 oo 01 00 00
32 67 0265 0092 0357 00 no 11 00 00
15 50 0134 0047 0181 10 0o 00 00 0o
25 59 0270 0160 0430 00 11 11 K] 10
45 78 0121 0030 0151 OO0 33 0o o0 11
37 71 0088 0018 0106 00 22 0o 0 00
06 41 0073 0013 0086 00 20 o0 1" 0o
12 46 0264 0048 0312 00 33 00 00 no
18 53 0138 0025 0163 00 20 00 00 ]
12 47 0117 0045 0162 00 21 0o 5 0o
48 82 0093 0040 0133 00 02 11 0o 10
40 74 0496 0398 0894 01 33 ID J9 2+
17 52 0415 0119 0534 01 23 0 KK 11
17 52 0088 0019 0107 0O 11 oo 00 0o
34 67 0190 0040 0230 00 0o 11 00 00
49 82 0100 0027 0127 00 3 21 00 11
35 68 0089 0051 0140 00 02 66 KK 00
46  BO 0339 0O0BS 0424 00 0o 11 13 22

0o 00 (0 23 00 07
01 00 33 00 11 03
22 44 76 55 0o 99

MF No. Sex _—
ATBE ATE Gam. Neu. Tot. Axi Pos. Acu. Ref. Ast. Acc. Axi. Pos. Acu. Ref, Ast. Acc

2 39 73 0239 0047 0286 00 33 oo " 00 00 0D 11 00 00 04
2 25 59 0206 0046 0252 OO0 22 on LL 00 11 oo 20 33 00 16
2 40 74 0221 0047 0268 00 02 11 an 00 00 oo 21 oo 22 01
1 18 51 0061 0035 0096 00 22 01 1 00 00 00 00 an 21 07
i 17 51 0210 0068 0278 00 31 0o 00 0on 00 oD 00 0l 00 01
1 48 82 0348 0112 0460 00 22 00 11 00 11 32 54 00 00 99
2 40 74 0276 D069 0345 00 22 00 00 0o 00 00 00 00 02 07
2 18 52 0075 0015 D0S0 00 32 0o oo 01 an 02 on 11 on o7
1 43 17 0100 0055 D155 0 3 E- 9 ++ 20 0 79 0o 00 99
2 26 61 0239 0056 0295 00 00 00 I 00 11 22 00 an 00 04
2 19 53 0262 0063 0325 00 33 00 I 0o 00 00 00 o 11 06
1

2

2

2

22 33 0o 11 11 03
00 33 33 33 00 04
11 00 22 11 00 07
11 00 32 00 11 07
10 11 12 00 11 02
11 22 11 22 11 06
00 21 00 00 04

0o 0o 0o o0 00 99
00 00 6o 00 00 06
00 00 00 00 0z

00 00 12 00 11 03
00 33 47 00 00 99

13 48 0538 0173 0711 11 44 oo 7 11 22 1] o 00 01 03
35 69 0202 0046 0248 00 11 oo 1 0d 11 00 00 o0 00 02
28 62 0313 0063 0376 00 30 0no I 0o 0o 22 12 00 00 06

44 79 0115 0024 0139 00 0O 1ol 00
34 68 0236 0106 0342 00 22 00 00 00

HOmoOOmHAENgDZYOgON o0 ZCON=SOaNEETdROLAHN=NZONZZO0NM
=

36 70 0176 0042 0218 OO0 2 31 5] 02 1 3 53 20 00 08
18 52 0036 0006 0042 00 22 0o I 11 00 0o oo 00 01 06
40 74 0403 0206 0609 1 4 F1 92 +0 2 4 52 41 19
20 54 0150 0034 0184 00 22 41 LM 00 H 0 a0 32 24 0o 06
25 59 0201 0085 0286 00 12 0o 0o 00 G 00 21 0a 0o 11 né6
22 56 0379 0103 0482 11 33 00 00 00 1 0o 32 12 11 0n 01
23 57 0060 0023 0083 00 33 oo 1 0o ] 0o 00 10 11 1 03
38 72 0152 0103 0255 00 33 11 13 [111] B 00 0o 10 10 0o 09
07 41 0105 0054 0159 00 12 10 00 oo Y 00 00 10 00 00 07
16 50 0000 0000 0000 00 02 0o 00 0o N 00 00 00 00 00 03
26 60 0124 0036 0160 00 200 00 N 11 11 22 00 00 10 06
22 55 0135 0029 0164 0Q 01 11 KK 11 N 00 00 12 22 10 06
36 71 0000 0000 000D 00 00 0o 00 00 E 11 22 L0 11 00 04
41 75 0000 0000 0000 0O 12 oo I} ol F 00 0n 22 10 11 0g
15 48 (445 0369 0814 11 33 0o 1 a0 S 11 33 a0 11 00 03
45 79 0000 000D 0000 OO0 33 11 1 00 D 00 ]1] 24 00 0o 03
04 38 0100 0019 0119 00 32 0o 1 0o Q 00 22 0o 00 11 N8
3 71 0134 0026 0160 00 00 oo o0 0o D 00 22 21 00 o0 04
44 78 0000 0000 000OD 00 02 99 ++ z 11 0o 55 12 o0 11
24 59 0013 0005 0018 00 01 0o H 0o 1 0o a0 10 0o 00 05
18 52 0116 0028 0144 00 11 11 LK 12 3 0o 00 11 32 0o 10
w

|
1
2
2
2
1
2
1
1
2
2
2
2
2
2
7
1
1
2
2
%
|
2
2
1
2
&
2
2
1
2
2
2
2
2
1
1

07 41 0010 0004 0014 00 22 0o 00 0o 00 0o 0o a0 10 07
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Age Dose 1963-1964 Study Present Study
MFNo, Sex ——M— ———— e

ATB ATE Gam. Neu. Tot. Axi Pos. Acu. Ref. Ast. Ace. Axi. Pos. Acu. Ref. Ast.  Acc.

2 14 49 0095 D018 0113 00 21 00 0o on v Do 0o 00 0d 00 05
1 8] 53 0194 0078 0272 00 33 00 Do 00 P 00 0o 00 0o 00 04
2 32 66 0091 0040 0131 00 22 00 17 32 G 11 00 10 00 1 06
2 15 49 0412 0113 0525 00 21 11 MM 00 Z 11 00 22 42 Do 23
1 19 53 0364 0141 0505 00 00 00 KK 00 N 00 22 00 22 0o 03
1 17 51 0235 0060 0295 00 3 00 1J 00 1 00 00 00 00 00 03
2 29 62 0030 0004 0034 00 11 22 LM 00 00 00 22 44 00 01
2 04 38 0347 0094 0441 DO 33 00 0J 00 w 00 00 03 10 15
2 16 50 0140 0029 0169 0O 10 00 1 0o K 00 00 ] 01 00 04
2 23 57 0079 0018 0097 OO0 2 02 VA 00 23 12 02 1 0§
2 44 79 0173 0036 0209 OO a0 0o 00 0o B 11 33 0o 00 11 02
2 45 80 0103 0027 0130 00 0o 11 00 20 D 11 00 42 11 00 01
1 46 81 0086 0018 0104 00 00 oo H 0o A 22 33 41 11 0 08
2 44 78 0107 0026 0133 0OU 33 14 K 10 B 12 00 27 00 00 07
1 17 52 0215 0079 0194 00 22 DO NK 00 H 00 32 42 45 0o o1
1 17 51 0314 0078 0392 00 22 00 1 00 N 00 00 1 L 10 04
1 18 52 0300 D076 0376 00 31 0o B 00 M 0o 30 00 00 0o 03
2 48 81 0165 0048 0213 00 o0 11 10 01 E 11 oD 45 11 00 99
2 L1 44 0402 0123 0525 00 23 00 00 00 Y 00 1] 0o 00 0o 06
1 30 64 0002 DODO 0002 DO 33 00 00 00 F 00 00 11 10 0o 03
1 17 52 0232 0063 0295 11 44 on 00 0D K 3 70 5 1 99
1 44 78 0000 0000 QOOD 00 00 00 1 22 B 00 11 01 0o 11
1 39 73 0000 0000 0000 00 .94 52 OK 00 B 12 11 53 21 20 11
1 38 71 0127 0026 0153 00 00 90 0 0 L 30 0 83 00 00 02
2 41 75 0026 0013 0039 00 03 00 10 00 11 10 43 01 0o 03
1 18 52 0204 0057 0261 00 33 00 11 00 L 22 44 32 00 0o 05
1 17 51 0134 0034 0168 00 30 10 10 20 J 00 00 01 10 0o 3
1 50 84 0002 0001 0003 00 02 00 1o 22 C 31 00 73 00 00 01
2 35 68 0330 D063 0393 00 0D 01 1] o0 H 11 0o 0o 11 i 01
2 38 73 0000 0000 0000 00 00 41 0! 01 B 11 0o "3 0o 0o 03
1 34 68 0191 0045 0236 00 00 11 1 0o D 11 0o L0 10 no 06
2 39 72 0000 0000 G000 0O 00 00 I 00 G 00 02 02 00 0o 10
1 37 70 0095 0017 0112 00 00 LU4] I 00 B 10 10 30 0o ol 03
2 38 71 0509 0394 0903 00 3 00 11 00 21 32 32 01 10 02
2 15 47 0344 0070 0414 00 20 10 11 01 Q 00 00 00 00 0o 06
1 18 53 0304 0089 0393 11 33 00 KL 00 0 22 22 00 12 10 06
2 30 65 0002 0000 0002 00 01 11 2] 10 13 00 0o 20 00 01 01
2 16 50 0002 0000 0002 00 22 22 NM 21 00 0o 12 44 0o a7
2 12 45 0103 0065 0168 00 30 0o 00 a0 i€ i1} 06 0o 00 0o 04
39 73 0080 0O21 0101 00 23 42 NI 01 Z 00 0o 52 40 0o 05
1 16 50 0000 0000 0000 DO 02 op 19 0+ N 00 0o 0s 08 09 06
1 10 43 0369 0094 0463 00 33 00 00 00 N 11 32 00 0o 0o 08
2 34 68 0070 0034 0104 00 00 00 10 10 G 22 00 a2 00 (i} 04
1 17 52 0117 0028 0145 00 22 0o 00 00 T 00 13 0o 00 00 04
2 34 67 0169 0040 0209 00 04 66 09 ++ Z 03 04 67 77 0o 99
2 29 64 0149 0033 0182 00 33 00 n 00 H 0o 01 0o 10 11 04
y ) 33 68 0043 0008 0051 00 02 00 1 22 B 00 0o 42 11 11 04
1 13 47 0200 0058 0258 00 33 00 00 00 N 00 00 11 00 Do 05
2 35 69 0324 0108 0432 00 23 11 = 1+ ] 00 30 33 10 11 06
1 3] 65 0000 0000 0000 00 00 00 " 11 F 11 22 0o 00 02 06
2 34 67 0327 0098 0425 00 00 00 00 11 E 00 11 12 00 12 05
2 16 50 0465 0115 0580 01 23 11 MM 33 1 00 0o 34 35 0o 07
2 39 74 0305 0204 0509 01 44 0o 1J 02 D 00 22 22 11 Do 08
| 18 53 0119 0029 0148 00 o0 0o 0o 0o L 11 11 0o 0o 00 04
| 39 73 0000 O0C0O 0000 OO0 31 11 KK 11 B 21 50 54 33 00
2 22 57 0257 0059 0316 10 00 00 00 00 J 00 0o 00 01 00 02
2 18 53 0086 0018 0104 00 11 11 LK 00 ] 00 22 00 22 Do 04
2 27 61 0026 0012 0038 00 20 80 JK 20 K 0a 00 72 92 90 07
1 29 62 0074 0018 0092 00 22 11 00 0o E 11 33 13 11 00 035
2 21 56 0096 0023 0119 00 33 00 00 00 F 00 0o ao 00 0o 02
2 19 33 0010 0004 0014 00 10 00 00 00 M 00 0o oo 00 00 03
2 29 63 0230 D169 0399 11 33 00 00 00 G 11 32 10 01 0o 02
Z 26 60 0192 0037 0229 OO 00 31 NN 12 1 11 32 32 44 0o 05

32
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Age Dose 1963-1964 Study Present Study

ATB ATE Gam. Neu. Tot. Axi Pos. Acu. Ref. Ast. Acc. Axi. Pos. Acu, Ref. Ast. Acc.

34 59 0040 0018 0058 00 22 0o 00 00 D o0 00 00 00 11 01

30 64 0126 0049 0175 00 00 00 I 00 E 11 44 55 10 11 99
29 64 0174 0055 0229 00 44 0o KK 00 E 01 02 00 11 12 09

33 66 0326 0095 0421 00 22 0o 00 00 E 0o 00 00

20 54 0141 0039 0180 0O 22 0o 00 00 M 0o 00 00 00 1] 03

37 72 0468 0100 0568 00 10 00 1 00 D 0o o0 0o 00 L] 02
J

1
2
1
2
2

1

2 19 53 0024 0011 0035 00 11 00 00 00 0o 00 Do [4]1] 11 01
2 18 51 0038 0008 0046 00 01 11 00 00 0o 00 10 o0 00 035
2 16 51 0169 0041 0210 00 00 00 00 00 R 00 03 o1 on 00 05
2 13 48 0121 0027 0148 00 22 00 00 0o 1 11 21 00 0o 01 08
1 18 52 0216 0060 0276 00 22 01 'M 0o J 4] 0o 04 035 00 08
1 28 62 0180 D064 0244 00 33 00 01 0o G i 05 03 0o 10 01
1 18 52 0102 0024 0126 00 22 3 NK 41 L 00 44 51 51 02 09
1 18 53 0203 0044 0247 00 00 0o 00 0o L 00 12 0n 10 00 03
1 07 40 (0228 0088 0316 00 02 00 00 0o Y 0o 11 0o 0o 00 13
2 13 47 0203 0146 0349 00 22 00 i} 0o M Do 00 22 00 0o 07
2 43 76  00B3 0018 0101 00 23 11 " (4] 11 o0n 44 0 0o 04
1 09 43 0094 0018 0112 00 33 00 LL 00 N 10 21 20 43 00 09
1 18 51 0318 0118 0436 00 33 00 Z 11 33 00 00 01 02
2 21 55 0066 0011 0077 00 33 00 00 00 H 00 ao 00 11 00 01
1 09 43 0397 0125 0522 00 22 00 Z 00 a0 0o 00 00 04
2 25 59 0013 0005 0018 00 01 11 JK o F oo G0 22 01 10 04
1 17 51 0451 0110 0561 0O 33 Do 0 10 L 10 20 00 0o 0o 04
i 42 76 0101 0023 0124 00 L4 01 11 (3 C 11 0a 3 10 11 06
1 19 52 0074 0015 0089 00 21 00 KK 00 u 00 ao 11 33 11 20
| 29 64 0106 0023 0129 00 02 00 1 11 H 00 0o 00 00 00 04
1 47 81 0376 0195 0571 00 33 11 oo 10 E 11 22 74 o0 00 99
| 18 53 0183 0087 0270 00 22 [i1] 0o ot L 11 02 11 0o 03
2 12 47 0068 0027 0095 00 20 0o 00 00 S 00 00 10 0o 0o o7
2 08 43 0222 0055 0277 00 33 11 KK 00 N 01 00 01 3 1] 09
1 41 75 0167 0046 0213 00 22 12 LM 02 C 00 a0 a5 44 111} 99
2 42 76 0043 D009 0052 00 22 00 00 00 C 11 32 53 11 0o 01
2 44 78 0328 0239 0567 00 32 10 a0 00 11 22 3l 11 00 06
2 12 46 0198 0041 0239 00 33 an 11 00 bt 00 33 00 00 oo a7
2 46 81 0165 0042 0207 00 0o 10 10 0o D 22 43 1] 0o 10
| 02 36 0046 0009 0055 00 21 00 KK 00 Y 00 22 0o 22 00 11
1 21 55 0220 0160 0380 00 33 0o I 0o L on 0o 22 00 00 08
2 37 71 0159 0028 0187 00O 00 0A 00 22 22 0o 12 05
1 30 65 0083 0016 0099 0O 10 00 1 0 B L4 00 0o 11 00 08
1 13 48 0365 0091 0456 00 22 1] 00 00 Q 0o 00 i} 0o 00 D4
2 35 69 0156 0036 0192 0O 00 oo Z 11 0o 01 01 0o 03
2 32 67 0128 0039 0167 00 0o an o 00 D o 33 33 10 11 03
2 48 g1 0000 0000 0000 OO 00 11 KI 44 G 11 0o 32 0o 00 11
2 19 53 0648 0196 0844 11 44 o0 0 00 1 10 20 01 0o 00 01
2 36 70 0140 0075 0215 DO no o0 0o 00 I 11 0o 33 11 ] 99
1 41 75 0279 0053 0332 00 0o 00 I 00 & 00 44 34 0o 01 04
1 16 51 0662 0177 0839 00 11 0o 411} 0o M 00 00 oo 00 [L1] 02
2 46 B0 0176 0038 0214 00 0o 01 11 H 11 [#11] 23 11 00 01
1 14 48 0250 0066 0316 00 10 0o 00 0o N o] 00 0o a0 00 06
1 31 65 0149 0100 0249 00 11 00 J7 00 1 00 00 0 i1 00 03
2 37 70 0145 0031 0176 00D o) 1D 19 24 ] 0o 00 34 o0 20 06
2 31 65 0140 0036 0176 00 22 11 11 11 i Do 00 42 11 00 06
2 10 00 it 11 N 0o 00 L1} 00 01 06

15 48 0057 0010 0067 OO

Total 235
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NAGASAKI
Ape Dose 1963-1964 Study Present Study
MF No. Sex ~ —
ATB ATE Gam. Neu. Tot. Axi Pos. Acu. Ref. Ast, Acc. Axi. Pos. Acu. Ref. Ast. Acc.
4 29 63 0021 0000 0021 00 22 0o 00 00 E 00 00 T 01 01 04
4 19 53 0 02 0o 11 00 H 00 00 00 0o 0a 03
4 18 53 0240 0002 0242 00 23 vo 1 32 ] 00 11 41 0o 11 99
4 27 59 0099 0001 OLGO OO0 22 0o 00 0o D 0o 00 00 4] 00 03
4 21 56 0181 0001 OL82 00 22 0o 00 00 H 0o 0o 22 11 11 03
3 36 T0 0356 0003 0359 00 33 0o 1] 00 € 0o 00 00 11 00 04
3 36 70 0000 0000 0000 OO0 22 oo 0] {1} D 00 00 31 oo 00 01
4 23 56 0078 0001 0079 OO0 22 on 11 00 I [1]4] 00 on on on 03
4 32 67 0144 0001 0145 0 2 68 69 0+ Z 1 0 77 59 09 99
4 17 51 0264 0003 0267 00 22 00 on 00 F 00 00 10 01 10 02
4 30 &4 0DOO 00DO 000D 00 32 00 00 0o C 01 00 o0 ob 01 02
4 28 63 0009 0GO00 0009 OO0 33 00 D 00 00 22 11 00 01
3 26 60 (0471 0007 0478 00 33 0o 11 0o E 00 00 Ot an 00 03
4 16 51 0o 10 01 11 10 K 00 00 on on 10 03
3 26 61 0191 0004 0195 00 33 o0 [414] 00 F oo oo 00 an 10 02
4 17 51 0117 0001 0118 00 22 on {l4] 00 I 0o oo 21 oo 00 02
4 18 52 0542 0008 0550 00 33 0o 1 oo H 00 00 21 o0 [14] 09
4 28 62 0284 0002 0286 00 22 on 07 01 F 00 00 02 00 0o 04
4 28 62 0225 0003 0228 00 33 00 00 0o E 00 00 i1} 0o 00 02
4 2B 62 0067 0000 0067 OO0 22 00 00 0o F [U[4] 11 00 11 00 02
4 17 49 0067 0001 0068 00 12 oD 00 00 K 00 11 0o 11 00 03
4 22 57 0674 0013 0687 00 33 11 11 0o F 00 00 11 00 00 03
4 19 53 0010 0000 0010 11 22 55 QQ 00 00 22 77 88 00 99
4 21 56 00 22 0o 00 0o F 00 00 DO 11 an 03
3 05 40 0000 0000 DOOO 00 22 0o 00 00 N 00 00 00 00 10 09
4 29 63 0163 0001 0164 00 33 0o 11 00 D [44] 00 20 11 00 03
3 44 78 0001 0000 0001 11 44 36 NN 00 B 11 33 44 68 (4] 01
4 21 56 0177 0003 018D OO0 33 21 K] 11 J 00 11 32 31 00 04
4 15 50 0000 000D 0000 00 33 an 1 1 M 00 00 00 11 00 06
4 26 61 0075 0001 0076 00 33 an 00 00 F 00 00 21 00 10 03
4 10 45 0000 0000 0000 OO0 21 0o o0 00 P 00 21 00 00 00 09
4 21 56 0161 0001 0162 11 33 00 KK 00 G 00 0o 10 22 0o 03
4 15 49 0460 0007 0467 00 33 0o 00 0o I 00 00 00 a0 00 05
4 17 51 0000 0000 O0OC 00 33 00 ML 00 1 00 00 10 33 0 04
4 34 67 0233 0002 0235 00 33 00 00 00 B 00 11 3 11 00 03
4 42 75 0000 DOOO 0DOO 00 00 0l 00 00 F 11 43 42 21 00 18
4 38 72 0000 0000 0OOO OO 00O OO OO 0O B 11 po oo 00 00 06
4 0l 35 0118 0001 0119 0D 02 00 00 00 Q 00 DO 0D 0D 0O 13
4 06 40 0018 DOOO OD1E DO 20 00 10 30 P 00 00 20 10 21 10
4 42 i} 0205 0003 0208 11 33 22 KK 01 8] 11 00 42 29 9 99
4 a7 72 0051 0000 0051 00 33 00 11 oo D 0o 00 on [14] 00 05
4 14 48 0234 0002 0236 00 22 10 32 on 1 00 00 23 43 00 06
3 17 51 0023 0000 0023 00 33 00 on 0n 1 0o 00 00 00 00 01
4 15 49 0412 0005 0417 11 22 00 po 00 L 00 00 00 00 00 04
4 14 46 0156 0001 0157 00 33 00 1 11 L 00 00 10 00 22 05
4 33 67 0399 0008 0407 00 23 00 00 on E 11 11 0o 00 00 04
3 14 48 0073 0001 0074 00 22 0o 0o oo L 0o oo 0n o0 i} 04
4 24 58 0161 0003 0164 00 33 10 0o an F 0o 00 0o 10 12 05
3 Qa5 38 0129 0002 0131 00 22 0o JK 0o P 00 00 00 12 0o 11
| 13 47 0074 0001 0075 00 33 00 00 00 L 00 00 00 00 00 03
3 16 49 DO6s 0001 0066 00 32 00 on 00 H 0o 00 Lu]1] 00 00 07
3 12 45 0156 0001 0157 00 20 00 a0 00 0 00 00 00 00 0o 05
4 11 45 0038 0000 0038 00 03 00 00 00 P 00 00 00 00 00 06
4 05 39 0369 0004 0373 11 33 00 KJ 10 P 00 11 01 10 11 11
3 26 60 D098 0001 0099 00 33 00 11 00 E 0o o0 00 00 00 03
4 28 62 0252 0006 0258 00 33 01 11 10 E 00 00 21 11 00 05
3 17 51 0047 0000 0047 00 02 0o 00 00 K 00 00 00 00 0o 01
4 16 51 0155 0001 0156 00 23 22 KJ 00 1 00 on 33 33 o0 07
3 15 48 0076 0001 0077 00 33 01 ol 02 | 10 ([} 02 oo 0D 06
4 25 58 0435 0006 0441 00 i3 0o 00 00 E 00 0o 11 0o 00 04
4 22 55 0106 0001 0107 00 33 0o a0 a0 H a0 0o 00 10 0D 03
4 12 on 05

0046

0000 0046 00 20 00 4] 00 00 00 oo 0o
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Age Daose 1963-1964 Study Present Study
MF No. Sex

ATE ATE Gam. Neu. Tot. Axi Pos. Acu. Ref. Ast. Acc. Axi. Pos. Acu. Ref. Ast. Acc

22 56 0000 0000 000D 00 33 0o KK 00
01 35 0153 0001 0154 00 33 0o KK 00
16 49 0403 0006 0409 11 33 0o 00 00
34 67 0000 0000 0DODD OO0 0o on 00 00
45 80 0276 0003 D279 00 33 11 00 00
29 62 0000 0000 DOOD OO0 33 on 0o 0o
15 48 0074 0000 0074 00 3 0o 00 0o i )
36 70 0295 0004 0299 10 34 01 11 0o 11 00 23 01 0o 03

00 0o 00 11 0] 05

mFEmef0-—
J
b
[ %)
{3
o=
=
o
=]
=]
<o
L7

WP Wb oW ww bR bR R R W R R
o
=
BN
s

15 49 0435 0009 0444 11 44 oo n 00 N oo 00 03 11 01 04

0166 0002 0168 00 22 oo oo 00 K 0o 52 0o 00 o 07

25 59 0000 0000 000D 00 3 oo 00 00 D o1 0o 0o 11 10 02

15 43 0027 0000 0DO27 00 03 44 00 00 I 11 23 55 77 00 99

39 73 0303 D004 0307 00 22 00 Do o1 A 00 33 20 11 10 04

06 40 0000 000D 00OO DO 02 0D JK 20 P 00 00 00 11 20 13

25 58 0213 0002 0215 OO0 33 00 NK 20 E 00 00 62 63 01 04

13 47 0026 0000 0026 00 40 10 ! 0 | 30 0o 70 91 20 05

15 50 0028 000D OO28 OO 02 OO 0O OO H 00 00 00 11 a0 03

05 39 0000 00CO 0000 00 33 00 00 00 4] 00 op oD 00 00 09

14 48 0280 0006 0286 11 32 31 PO 33 1 oo o0 42  B6 00 15

30 63 0057 000D 0057 00 23 13 DL 00 D 0o 0o 14 04 11 99

29 62 0000 000D 0000 00 33 01 0J oo F 00 00 04 11 11 04

26 61 0158 0001 0159 OO 32 00 10 00 F 00 00 11 11 11 04

40 73 0115 0002 0117 00 22 21 11 00 B 11 11 32 00 00 09

3 19 53 0081 0000 0081 00 33 00 00 00 G 00 00 00 00 00 03
4 17 52 0559 0011 0570 00 22 00 0O 00 I 00 00 00 00 00 03
3 41 74 0282 0003 0285 11 33 00 00 00 A 11 33 21 11 0o D6
3 13 47 00 10 00 1) 00 K 06 00 00 11 o0 02
4 39 72 00 33 oo 00 00 C 10 11 22 11 0a 05
3 32 66 oo 33 o0 00 0O € oo 0o o0 00 00 01
3 13 47 L4 20 00 KK 10 M oo D0 0D 22 00 D3
4 18 53 00 22 11 1 00 1 00 0o o0 22 00 02
4 26 60 00 3 LUTU T | 11 E 0o 00 0D 00 00 02
4. 43 17 00 22 0l 00 00 D 00 o0 22 00 00 02
3 16 50 0o 30 00 00 00 N 00 00 00 00 00 05
3 14 47 00 02 0 o 00 K 00 00 00 00 00 D4
4 09 43 0000 000D 00CO OO 20 00 0O 00 I 00 00 10 11 0o 03
4 36 69 11 00 00 00 00 B 00 01 00 01 o0 03
3 15 48 00 22 DB 00 00 H 00 00 33 22 01 10
3 16 50 0016 000D ODO16 OO 22 00 00 0O K 00 00 0D 00 00O 05
4 30 64 00 23 40 10 00 D 11 0o 42 20 10 02
4 36 70 oo 02 00 3 10 C 06 00 03 00 OO0 D2
4 11 45 0443 0011 0454 00 33 LUTH T | 11 (4] 0o oo 34 22 00 09
4 04 38 0257 0002 0259 00 33 0 0 0o M o0 D000 0D 00D 00 14
3 13 47 0060 0001 0061 OO 30 00 00 00 L 00 0o 00 00 00 06
3 17 51 00 30 00 00 00 K 06 00 0D 00 00 04
4 14 48 00 01 00 00 00 M o0 00 33 99 9% 07
4 16 49 0820 0014 0834 11 2 00 00 00 L 00 00 00 00 11 D4

*Persons who had the axial opacities observed and confirmed by Miller et al? in 1963-64.

1963 — 6412 Miller R Y Iz E D R%E S &1, MEE TERERRS T RN
SEX: 1-Hiroshima, male; 2-Hiroshima, female; 3-Nagasaki, male; 4-Nagasaki, female
P 1-56, BiE; -0, 1% 3B, N a-Ba, ot
ATB-Age at the time of A-bombing; ATE—Age at the time of examination;, AXI—Axial opacities; POS—Posterior subcapsular
changes; ACU-Visual acuity: REF—Refraction (Code for 1963-64 study used a combination between numerical digit and minus
sign. They correspond to 1=, J=1, ..., R=9); AST—Astigmatism (plus cylinder); ACC — Accommodation (Codes in 1963-64 study
correspond to A=01, B=02, ..., W=23, and X=99)
ATH: FBeyEM;: ATE: i

G POS: RETE(L: ACY: Wh; REF: BIFH (1963— 64 m g
> 13 v d= Ly ey R=3 i+ &) AST: EHC722M0E); ACC:
e W=ZRU X=9901H%T5 ).
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