




Relationship ofcataract to radiation sensitivity

be the result of radiation received in Christmas
Island.

Materials and methods

OPHTHALMIC
The patients were divided into three groups.
Group A. Christmas Island veterans (16 patients)

known from our records of a previous study, or
notified to us by the Christmas Island Veterans
Association, who were thought to have cataracts,
were invited to partake in the study.
Group B. Presenile PSC (11 patients) who were

attending the Oxford Eye Hospital and had pure PSC
of no identifiable aetiology. Of these, five had
worked in environments where they might have been
exposed to low levels of radiation.
Group C. Controls (six subjects) were chosen from

an age matched population of fit healthy male
volunteers with no past history of significant medical
or ophthalmic complaints. Any control with any
degree of cataract or an anterior clear zone not equal
to grade 3 was rejected.
For the better understanding of the results the

Christmas Island veterans were further subdivided
into three groups. Group 1A (six patients) were those
who were found on examination to have PSC (two
patients), or aphakes (four patients), who had been
noted by an ophthalmologist in the past to have PSC.
Group 1B (six patients) were those who on examina-
tion did not have PSC. One of these patients was a
unilateral aphake in whom the type of cataract
previous to surgery was unknown. Group 1C (four
patients) were those who had had cataract extrac-
tions, but in whom the type of cataract was unknown.

All patients and controls gave informed consent to
the study.

OPHTHALMIC EXAMINATION
A full medical and ophthalmic history was obtained
with particular reference to exposure to radiation. In
the past history we specifically asked about all factors
that are known to be associated with the causation, or
with the avoidance of cataracts2: diabetes, renal or
hepatic failure, hypertension, and carcinoma or
leukaemia. The use of alcohol or tobacco or of any
medication, especially steroids, analgesics, diuretics,
nifedipine, and allopurinol, was inquired about.
Patients were asked about eye injuries and ophthal-
mic surgery or medication taken. All patients were
refracted, and the visual acuity was recorded by the
Log MAR Ferris chart. Pupils were dilated with G
phenylephrine 10% and G tropicamide 1%, repeated
at least once in order to achieve a pupil size of 8 mm.
In addition to a full ophthalmic examination the
lenses were graded by the same observer using the

Oxford Clinical Cataract Classification System.4 The
lenses were also photographed with the Brown slit-
image camera and the Oxford retroillumination
camera.2 Blood for a random blood sugar was taken,
and a further 60 ml of blood was taken and placed in
heparin without preservatives. A small 3x3 mm
sample of skin from the patient's forearm was taken
under local anaesthetic. Blood samples and skin
biopsies were then examined in a coded fashion
within 24 hours.

RADIATION SENSITIVITY
The radiation sensitivity of lymphocyte DNA was
tested at the Hammersmith Hospital by the method
of buoyant density centrifugation as already
described.22 2e28 The radiation sensitivity by clonal
assay for cell survival was measured at the MRC Cell
Mutation Unit by means of skin derived fibro-
blasts"9 " and T lymphocytes.'

Results

Table 1 shows the results in the controls and patients
who were examined, with a brief description of the
type of cataract or of other eye disease that was
found.
There were 16 patients who had been present at

Christmas Island. Of these PSC was found in two at
the time of examination and believed from the
hospital records to have been present in four others,
making six cases in all. There were three others with
cataract of unknown type, making it possible that
there were a total of nine cases of PSC.
The history was not significant in suggesting

alternative causes for cataract.
Eleven patients were examined who had not been

to Christmas Island and had PSC. Of these, five had
possible exposure to radiation at work.
The percentage number of hypersensitive samples

of lymphocytes, as tested by buoyant density centri-
fugation at the Hammersmith Hospital, for all
the individuals in the present study was 16, that
is, intermediate between those in the other two
studies2728 tested by the same methods. The mean age
in the present study, 53-8, was intermediate between
the mean ages of the individuals in the previous two
studies of 38-6 (5% hypersensitive population27) and
79.7 (26% hypersensitive population28), thus showing
a relationship with age but not with subcapsular
cataract.
The data on radiation sensitivity, as measured in

lymphocytes by buoyant density centrifugation and
in fibroblasts and T lymphocytes by clonal assay, was
analysed by the statistical package GLIM (Royal
Statistical Society, London). No patient with PSC
was found to be hypersensitive to radiation when the
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Table 1 Relation ofcataract to radiation sensitivity

Age %Repair Lympho Fibro R eve L eve
Do Do

Group IA Christmas Island with posterior subcapsliar cataracts
(1 63 0 144 1-62 PSC (?)
01 51 69-5 1-30 1-68 (PSC) (PSC)
03 50 61-4 1-62 1 50 (PSC) (PSC)
04 54 1(X) 1-71 (PSC) (PSC)
05 49 60(9 1-59 1-58 Clear (PSC)
06 52 36-8 1 51 1*51 (PSC) PSC

Group I B Christmas Island without posterior slucapsiuar
07 63 50 177 1-43 N Brun N Brun
08 51 857 1-55 Spoke Spoke
09 50 51-3 1-52 1-48 ASC (?)
1(1 49 59-5 1-60 1-69 Mature Spoke
11 50 12 1-95 Focal dot Ret. Detach.
12 55 27-3 1-59 1-57 Clear Clear
13 50 1-15 Clear Clear

Group IC Christtnas Islatid with cataract ofunknown type
14 53 0 142 1-67 Clear (?)
15 52 63-8 1-42 (Mature) clear
16 51 53 1-32 1 33 (?) (?)

Group B Non -Christmas Island with posterior subhapsular cataract

17
18

19
2()
21
22
23
24
25
26
27

50
6(0
62
54
53
58

32
56
51
58

39

76 5
7(0-4
64-8
2(1

44-4
1(0
67-7
82-4

Group C Normal controls
28 52 59-1
29 5(1 53
3(0 52 62-2
3 1 56 55-2
32 54 59-1
33 49 64-8

1I55
1.47
I15(1
121

122
161

149
24(0
128
82

1.92
1 38

27

1 07
1*76

1.15
1*21

167
1*44
1.28
135

1 51
14(0

156

1 36
1-19
1 36

% Repair= lymphocyte DNA repair after irradiation tested at the
Hammersmith Hospital.
Lympho (fihro) Do=Survisal of lymphocyte (fibroblast) cell culture
(Gy); as tested at the MRC Cell Mutation Unit.
Parentheses indicate an aphakic eye -that is, (PSC) means an
aphakic eye which had a PSC according to notes available, which
may be misleading in certain cases. (?) Means aphake with no record
of type of cataract.
ASC=anterior subeapsular cataract. PSC=posterior subeapsular
cataract. N Brun=nuclear brunescence. Spoke=spoke cataract.

results were compared with those from the study
controls. In addition, in the clonal assays the results
were compared with those from concurrent labora-
tory controls used in every experiment, and again no
significant differences were observed. The observa-
tions on clonal survival will be reported in detail
elsewhere.

Discussion

Approximately 18(000 personnel were present at the
UK atmospheric nuclear weapon test programme at
Christmas Island between 1952 and 1967, and of
these 1000 are believed to have died, leaving 17000
remaining.52 In these tests radioactive material was
dispersed into the atmosphere, and they were
followed by a clean-up operation. Attention was
drawn to an apparent excess incidence of cancer in
this grouper (this has subsequently not been con-
firmed32). It appeared from information reaching us
at Oxford that there might also be an excess incidence
of cataract in this group, since we had information
before beginning our present study of 26 cases
believed to be of PSC, being 0 15% of the sample of
17000. Our present study shows that we have know-
ledge of only 12 cases of cataract (an incidence of
0.07%), and of these only six are of the PSC type that
might be attributed to radiation. The mean age at
examination of these cataract cases is 57 years,
which falls into the age range in which cataract is
uncommon. The frequency of cataract extraction for
males in the age range of 40-49 in Oxford is 0 003%
rising to 0 023% at ages 50-59.' These figures relate
to cataract extraction, and the prevalence of early
cataract is necessarily higher than this. Senile
cataract was reported in 3-5% of persons under the
age of 65. Thus the incidence of cataract now known
in the Christmas Island personnel of 0-07% is not
more than expected. There will be cases that have
not been brought to our attention, but there is
no evidence that the incidence of cataract in the
Christmas Island personnel exceeds the normal.

Subcapsular cataract is the least common of the
three major types of cataract (cortical, nuclear, and
subcapsular), and the stated proportion of cataracts
that are subcapsular varies widely in different series,
being reported as 6% ,6 10%,7 24%, , 40%," and
50% 35 in western studies and as only 1% in the
Punjab." These figures are for patients of all ages,
and the proportion of PSC may be higher in younger
people.3' Thus the proportion of PSC in the Christ-
mas Island personnel, being 50% of those known to
have cataract, is an expected value, and the minimum
overall prevalence of PSC at 0-04% of the Christmas
Island personnel fits within the reported range. There
is therefore no indication of any excess prevalence of
subcapsular cataract that would indicate a radiational
cause in the Christmas Island personnel.

Radiation sensitivity testing by the three methods
now reported showed inconsistent results between
the systems. The Do values for cell killing obtained
by means of skin derived fibroblasts or T lymphocytes
obtained from blood samples showed no significant
differences between the groups of individuals tested.
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The postirradiation repair of lymphocyte DNA
did show marked differences between individuals,
but the occurrence of a low figure for repair was

unrelated to the development of subcapsular
cataract.

CONCLUSION
Radiation sensitivity, as tested by the methods used
in this study, is unrelated to the development of
cataract.
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