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Table 3 Cadmium levels in blood (smokers v non-smokers both with cataract)

Age Mean p
(years) Category N (,g/dl) SD SEM t test Value

40-50 Non-smokers with cataract (group III) 5 0 362 0-220 0-098
Smokers with cataract (group IV) 3 0-3067 0-219 0 127
Difference 0 0553 0 35 NS

51-55 Non-smokers with cataract (group III) 6 0-2750 0-132 0 054
Smokers with cataract (group IV) 6 1-5733 1 191 0486
Difference 1-2983 2-65 <0 05

56-58 Non-smokers with cataract (group III) 26 0-2637 0 192 0 038
Smokers with cataract (group IV) 23 1-4452 1 166 0-243
Difference 1-1815 5 10 <0 01

lens proteins. All the values were subjected to
statistical analysis by Student's t test.

Results and discussion
It was found that there was significantly high
accumulation of cadmium in the lenses of
smokers with cataract in all three age groups,
40-50, 51-55, and 56-58 (Table 2) compared
with that of non-smokers in the same age
groups with cataract. There was a twofold
increase in lens cadmium in the 40-50 year age
group while the increase was five to 10 times in
the higher age groups, perhaps, because of
chronic smoking.
With cadmium in the lens, the results are

better expressed in terms of proteins to avoid
any complications due to hormonal distur-
bances, fatty infiltration, or hydration which
could alter the tissue weight. There was a six-
fold increase in blood cadmium in smokers
with cataract belonging to the two age groups,
51 to 55 and 56-58, compared with that of
non-smokers with cataract (Table 3). The
results for blood cadmium and lens cadmium
are statistically significant in respect of differ-
ences between non-smokers and smokers. The
absence of any significant increase of cad-
mium in the blood of smokers in the 40-50
year age groups in group IV (Table 3) might
be due to their lower age, and fewer years of
smoking. The number of subjects in the group
was also comparatively less than the other age
groups in groups III and IV owing to difficulty
in getting patients between 40 and 50 with
nuclear cataract. The maximum age of the
subjects in groups III and IV was 58 and these
subjects had been smoking beedies for many
years at the rate of more than 10 beedies a day
without a break even for a month. The studies
clearly show that there is accumulation of the
heavy metal ion of cadmium in the lens of
chronic smokers which might have a role in
cataractogenesis. The accumulation of cad-
mium in group IV is not due to age as, in the
non-smokers of the same age group with

Table 4 Cadmium levels in blood (smokers v non-smokers both without cataract)

Age Mean p
(years) Category N (pg/dl) SD SEM t test Value

30-35 Non-smokers without cataract (group I) 14 0-069 0-008 0-002
Smokers without cataract (group II) 11 0-0815 0-021 0-006
Difference 0-0125 1 98 <0 05

36-40 Non-smokers without cataract (group I) 7 0-0654 0-006 0-002
Smokers without cataract (group II) 8 0-1121 0-024 0-006
Difference 0-0467 1 80 <0 05

cataract, there was much less cadmium in
their lens and blood (Tables 2 and 3). No
doubt cadmium has been reported to be
present in the lens in senile cataract28 and its
concentration is directly proportional to the
development of brunescence, but this is due to
old age. The levels reported are 0-209,g/g for
immature, 0-317 for mature, and 0 505 for
hypermature cataractous lenses28 but much
less than the values of 1 11 to 1-46 found by
us (Table 2). Normal lens has no cadmium.17
It is reported that there is an eightfold increase
of cadmium in the lungs of rats exposed to
cigarette smoke.29

In groups I and II also - that is, subjects
without cataract in age groups 30-35 and
36-40, there is accumulation of cadmium in
the blood of smokers (Table 4) confirming the
finding of previous workers in the field. The
difference in our values is statistically signifi-
cant. The values reported in the literature are
different - for instance, 0 5 pg/dl,'4 30 0-3 1 to
1-2 pg/1,13 0 3-7 ilg/113 for non-smokers, and
0-6 to 3-9 ,ug/l for smokers.'3 In view of eco-
logical and environmental conditions, differ-
ences in the cadmium content of cigarettes and
beedies, number smoked and, above all,
absence of a homeostatic mechanism for cad-
mium in the living system, such variations are
bound to occur and comparison of results
has to be made in the studies in the particular
centre.
We could not find anyone over 40 with a

clear lens. As smoking was relatively for a
much shorter duration, though there was accu-
mulation of cadmium in group II, it was not as
high as in group IV. The relatively higher levels
of cadmium in different age groups in group IV
might be due to chronic smoking - that is,
these subjects of maximum age 58 years were
smoking for more than 20 years compared with
smokers aged 30-40 in group II. In respect of
non-smokers in group III, the high value in age
groups 40-50, 51-55, and 56-58 compared
with group I (30-40 years) could be due to
exposure to cadmium in the environment3l
and possibly other factors.
Cadmium may hasten cataractogenesis by

various mechanisms. Normally it is bound to
lungs and low molecular weight proteins, the
metallothioneins in the kidneys, liver, and eye
lens and also haemoglobin in blood. There is
also free cadmium.'6 It is likely that as the
concentration of cadmium increases in blood
and tissues, the haemoglobin, as result of
bound cadmium, might lose its full power of
delivery of oxygen to tissues including ocular
structures. This would mean decreased ATP
production and availability of energy. Cad-
mium could also bind and intercalate with lens
proteins and denature them. It is known that
heavy metal ions of mercury, lead, etc, can
precipitate blood and body proteins. Again,
cadmium is known to compete with copper32
and zinc33 in the body and could affect the
copper and zinc homeostasis of blood and
copper containing protein such as cerulo-
plasmin and enzymes such as superoxide dis-
mutase and cytochrome a3, the respiratory
enzyme. Superoxide dismutase activity can be
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Table S Vitamin C levels in blood (smokers v non-smokers both with cataract)

Age Mean p
(years) Category N (ug/i) SD SEM t test Value

40-54 Non-smokers with cataract (group III) 6 13-51 2-668 1-089
Smokers with cataract (group IV) 6 14-05 3-491 1-425
Difference 0-54 0 3 NS

55-60 Non-smokers with cataract (group III) 26 14-86 3-578 0-702
Smokers with cataract (group IV) 25 13-66 2-921 0-584
Difference 1-28 1-31 NS

Table 6 Vitamin C levels in blood (smokers v non-smokers both without cataract)

Age Mean p
(years) Category N (,ug/l) SD SEM t test Value

30-35 Non-smokers without cataract (group I) 14 16-12 3-496 0 934
Smokers without cataract (group II) 20 15-88 3-483 0 779
Difference 0-24 0-2 NS

36-40 Non-smokers without cataract (group I) 7 15-28 3-551 1-342
Smokers without cataract (group II) 12 13-5 3-606 1-041
Difference 1-78 1-04 NS

Table 7 Vitamin C levels in lens (smokers v non-smokers both with cataract)

Mean (SEM) Mean (SEM)
Age (,g/g) lens (,g/g) lens p
(years) Category N tissue proteins Value

40-54 Non-smokers with cataract (group III) 5 0-0956 (0.025) 0-5418 (0-188) NS
Smokers with cataract (group IV) 4 0-1964 (0-016) 0-7041 (0-064)
Difference 0-1008 0-1623 NS
t Values 0-85 0-88

55-60 Non-smokers with cataract (group III) 26 0-1178 (0-014) 0-5602 (0-042)
Smokers with cataract (group IV) 25 0-1357 (0-016) 0-8539 (0.274)
Difference 0-0179 0-2937 NS
t Values 0-84 1-08

affected32 through competition with zinc also.
Cadmium decreases the bioavailability of
selenium33 and this may affect the bio-
synthesis of glutathione peroxidase.
Deficiency of vitamin E is also reported.33 By
a decrease in antioxidants such as cerulo-
plasmin, superoxide dismutase, and gluta-
thione peroxidase, the defence against
oxidative damage could be weakened by the
accumulation of cadmium.

Vitamin C
Tables 5 and 6 show levels of vitamin C in the
blood of smokers and non-smokers. There is
no significant difference between the four
groups though the average value of vitamin C
was not at the peak of normal - that is, 20 mg/l
reported in the literature.34

Vitamin C levels in lens tissue and lens
proteins are given in Table 7. In this case also
there is no variation between groups III and IV
though the values are on the lower side of the
normal - that is, 0 14 mg/g lens tissue as against
an upper normal of 0 35 mg/g lens tissue.
Similar results, however, are obtained in the
lens of non-smokers with cataract. Smoking
beedies did not cause any significant decrease
of vitamin C either in the blood or lens in our
studies. Perhaps smoking a good number of
beedies for a prolonged time might have
brought about a significant decrease in vitamin
C as reported for cigarettes by earlier workers.
Also, what is applicable to cigarette smoking
need not be applicable to beedi smoking, as for
instance, cadmium is present to only one third
of the level in beedies compared with cigarettes

(0-1 ,ug/100 mg in cigarettes and 0 03 ,ug/100
mg in beedies).2 35 There are different theories
to explain cataract formation in cigarette
smokers. It could be caused by the reactive
oxygen species (ROS) and oxidant effect,8
thiocyanate,2 or naphthalene.2
We conclude that one of the major causes of

nuclear cataract, as reported by West et al,5
could be biochemical as a result of accumula-
tion of cadmium from smoking in the lens.
Cadmium may hasten cataractogenesis
directly by interaction with lens proteins and
indirectly by its competition with copper,
zinc, and selenium and causing a decrease of
antioxidants. On cessation of smoking,
cadmium accumulation may stop and the
individuals become less susceptible to catarac-
togenesis.5
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