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Epidemiology and Risk Factors for Cataract

J.J. HARDING and R. van HEYNINGEN
Oxford

Summary

Cataract is the major cause of blindness worldwide. It is a greater problem in third
world countries than in the West and several attempts have been made to explain
the excess in these countries. This paper provides an overview of the literature
especially on studies designed to identify risk factors for cataract. There is an
association between poverty and cataract and, more specifically, between cataract
and a history of severe diarrhoea-dehydration. Recent results from a case-control-
led study of cataract in Oxford are also presented with the quantitation of risks
associated with a number of factors including diarrhoea, renal failure and diabetes.
In this study an apparently protective effect of aspirin, paracetamol and similar
drugs was observed. This protective effect applies to the risk associated with

diabetes.

Cataract is responsible for more clinic visits
and more new patients than any other eye
disease in this country.! Almost two thirds of
new patients listed for surgery are to have
cataract operations. Cataract is a much
greater problem in the third world where it is
much more common and is of earlier onset.
Cataract accounts for 55 per cent of the blind-
ness in India, that is about 5 million blind in
that one country,> and over 60 per cent of
blindness in Nepal.? It is not surprising that
sunlight was proposed as the cause of not only
the excess cataract in tropical countries but
also of much cataract even in more temperate
areas. This hypothesis was tested fifty years
ago by Wright who inspected the lenses of
4,000 outdoor labourers in two areas of India,
one hot, dry and cloudless, and the other
more cloudy.* He found cataract more com-
mon in the cloudier area and concluded that
sunlight is probably not an important factor in
determining the high frequency of cataract in

South India. This paper seems to have been
forgotten and in the sixties interest in the sun-
light hypothesis revived, specifically in rela-
tion to brown nuclear cataract, but in spite of
some encouraging biochemical studies the
hypothesis had at least three serious
weaknesses.>®

Firstly, the earliest change to lens proteins
exposed to sunlight in vitro is a loss of tryp-
tophan which is not found in human cataracts,
not even in brown nuclear cataracts.
Secondly, the sunlight-induced yellowing pro-
ceeds equally well in cortex and nucleus in
vitro. Thirdly climatic droplet keratopathy,
and pterygium, which are associated with sun-
light, are not associated with cataract.

A survey of cataract in the Punjab’® indi-
cated that various aspects of poor living condi-
tions were associated with cataract (Table I).
In other studies it appears that cataract is
more common among the poorer groups of
each society. In Israel the incidence of catar-
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Table I Some risk factors for cataract in India

Relative risk

Risk factor (odds ratio) Reference
Living on dry plains (cf

mountains) — 18
Living in city slums (cf

villages) 1.8 7
Low caste 3.0 7
Widowed 2.2 7
Illiterate (cf high school

graduate) 7.5 -7

Low consumption of:

beans and lentils 2.3 7

vegetables 1.8 7
Zero consumption of:

meat 2.1 7

milk 1.6 7

eggs 2.4 7

curd 1.7 7
Low height 1.8 7
Low weight 1.9 7
Low weight/height 1.6 7
Life-threatening diarrhoea:

one episode 4.1 16

more than one episode 21 16

act is greater among oriental Jews compared
to European Jews.? In the United States the
prevalence is greater among blacks compared
to whites,"” and in Australia it is more com-
mon among Aborigines.!! In both India’” and
the United States!" a lower educational attain-
ment was associated with a greater risk of
cataract. In the Indian study the comparison
of illiterate subjects to high school graduates
gave the highest relative risk that they found
(Table I).

In 1980 I put forward the diarrhoeal
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Fig. 1. Speculative scheme indicating the possible rela-
tionship between diarrhoea and cataract'!.

J. J. HARDING AND R. VAN HEYNINGEN

hypothesis to account for the high prevalence
of cataract in third world countries'>!* (see
Fig. 1).

In the laboratory we have studied the effect
of cyanate on lens proteins and on incubated
lenses. Cyanate can bind to lens proteins"
causing them to unfold revealing buried thiol
groups which form protein-protein disulphide
bonds."* Thus cyanate treatment induces
changes similar to those found in human cat-
aract. Cyanate also causes opacification of
incubated rat lenses. '3

Laboratory studies such as these while
indicating how severe diarrhoea might lead to
cataract partly through cyanate modification
of protein do not test the diarrhoeal hypoth-
esis directly. The first test came in the form of
a paired case-control study of cataract
patients in Raipur India. This showed that
‘life-threatening diarrhoea’ is a powerful risk
factor for cataract (Table I), and may account
for 40 per cent of the cataract in that area.!® If
this were true of the whole of India it would
mean that cataract associated with life-threat-
ening diarrhoea accounts for the blindness of
2 million Indians.

In the United Kingdom another case-con-
trol study in Edinburgh'” revealed rather dif-
ferent risk factors including diabetes,
psychiatricillness, use of major tranquillizers,
diuretics, alcohol, tobacco and topically
applied ophthalmic drugs, hypertension and
glaucoma (Table II). In addition the mean
levels of plasma urea, fasting glucose and
creatinine were slightly elevated in cataract
patients whereas calcium, phosphate, cho-
lesterol and albumin were lowered. The mean
glucose level was raised even after known dia-
betics were excluded from the calculations.
The distribution of plasma urea levels was
bimodal in the cataract patients with a sub-
population having blood urea levels close to
10mM. % Risk factors identified in Indian and
in Western populations are summarised in
Tables I and II.

We have carried out a case-control study of
cataract in Oxfordshire.? Three hundred cat-
aract patients and 609 controls were inter-
viewed. The age-sex distribution of the
controls was matched to that of the patients.
We confirmed some risks previously identified
including diabetes, glaucoma and use of
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Table II Some risk factors for cataract in Great
Britain and the United States

Relative risk*

Risk factor (odds ratio) Reference
Black American (cf white

American) — 9
Lower educational

standard 19
Diabetes 6.2 17, 20
Renal failure 12.4 20
Glaucoma 5.9 17, 20
Hypertension — 9.17. 19
Cardiovascular disease — 17
Psychiatric illness — 17
Severe diarrhoea 1.6 20
Myopia when young 2.0 21
Low height, vital capacity

and hand grip strength 19
Use of:

Major tranquillisers — 17

Diuretics — 17

Topical ophthalmic

drugs — 17

Steroids 1.8 20

Alcohol 17

Cigarettes 17
High plasma:

Fasting glucose (cuasal

glucose) 17 (19)

Urea 17

Creatinine 17

Phospholipid 19
Low plasma:

Calcium 17

Phosphate 17

Cholesterol 17

Albumin 17

* Relative risks are from ref. 20.

steroids and were able to calculate relative
risks for these (Table II). In addition we iden-
tified renal failure as a powerful risk factor.
Severe diarrhoea, which is such a powerful
risk factor in India (Table I), is a risk factor
even in the Oxford population (Table II).

The relative risk for diabetes is high (Table
II) and about 12 per cent of cataracts in
Oxford can be attributed to this single cause.
The relative risk differs between the sexes
being 3.2 in males and 10.5 in females.?!

The most surprising finding in the Oxford
study was that in addition to finding factors
that gave an enhanced risk of cataract, thatis a
relative risk significantly greater than unity,
we also identified factors associated with a
diminished risk of cataract (relative risk less
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than one). Consumption of ‘aspirin-like anal-
gesics’ (mostly aspirin, paracetamol and
ibuprofen) was associated with a halving of
the risk of cataract.” In more recent analyses
we have examined individual risk factors to
see whether consumption of these drugs
affords any specific protection.

Aspirin-like analgesics appeared to confer a
protection against cataract in those with
diabetes (Table I11). The relative risk in those
not reporting aspirin-like analgesics is 7.5
compared to 4.7 in those who reported taking
these drugs. The overall proportion of sub-
jects reporting these drugs was the same for
the diabetics (25.4 per cent) and the non-dia-
betics (26.0 per cent). We found a much
greater risk in females than in males so we
analysed the data for each sex separately. The
aspirin-like analgesics did not provide signifi-
cant protection to male diabetics but in
females the relative risk of 10.5 rose to 22.4 in
those not reporting analgesics (Table 1V).

Table IIl Protection by aspirin-like analgesics*
against the risk of cataract associated with diabetes

Factor Relative risk P

Diabetes in all subjects 6.2 <«0.001
Diabetes in subjects report-

ing aspirin-like analgesics 4.7 <0.001
Diabetes in subjects NOT

reporting aspirin-like

analgesics 7.5 «0.001
Diabetes in females 10.5 «0.001
Diabetes in females report-

ing aspirin-like analgesics 6.3 <0.001
Diabetes in females NOT

reporting aspirin-like

analgesics 22.4 «0.001

* Paracetamol (acetaminophen), aspirin, ibuprofen
and similar drugs, naproxen, benorylate, mefenamic
acid and flufenamic acid.

Table IV The risk of cataract associated with diabetes
in females not reporting aspirin-like analgesics

Controls  Cases Total
Diabetes 2 22 24
No diabetes 216 106 322
Total 218 128 346
Per cent positive 0.9 17.2

Chi-squared text P<<0.001.
Odds ratio = 22.4 (5.2t0 97.1).
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Although there were only two diabetic con-
trols not reporting aspirin-like analgesics the
chi-squared test is valid because the expected
values are greater than 5 for each cell. Those
reporting analgesics have decreased their rel-
ative risk to 6.3 (Table III). The 95 per cent
confidence bounds of the relative risk in
females not reporting aspirin-like analgesics
are broad (5.2 to 97), nevertheless it appears
that these drugs are associated with a power-
ful protective effect against cataract in female
diabetics who have taken them regularly for at
least four months. It is of interest that aspirin-
like analgesics were reported by 32 per cent of
all females and 19 per cent of all males in the
study. Possible mechanisms for the protective
effect of aspirin against cataract have been
discussed previously, but it is difficult to find a
mechanism that can encompass the known
actions of aspirin, paracetamol and
ibuprofen. The laboratory studies of aspirin
led to the suggestion that acetylation of lens
proteins by aspirin protected them against
attack by chemical agents including cyanate,
glucose, glucose 6-phosphate and other sug-
ars.'” However, paracetamol is not known to
acetylate proteins and ibuprofen and the
other acidic analgesics do not have acetyl
groups to transfer, so an alternative explana-
tion must be sought. It might be thought that
aspirin and ibuprofen were protecting by
inhibiting prostaglandin synthesis but that
explanation would exclude paracetamol
which is a feeble inhibitor of cyclo-oxygenase.
On 'the other hand, indomethacin, a powerful
inhibitor of prostaglandin synthesis, is not
associated with the protection against cataract
being reported by 3.1 per cent of controls and
3.3 per cent of cases.?

Another possible mechanism for the appar-
ent protection against cataract by aspirin-like
analgesics is that they act by lowering blood
glucose levels.® Aspirin-like analgesics lower
fasting blood glucose levels and improve
glucose tolerance in diabetics and non-dia-
betics by stimulating the insulin response to
glucose.

The suggestion that aspirin-like analgesics
could act in this way is strengthened by the
specific protection against cataract at least in
females with diabetes (Tables III and 1V). In
non-diabetics in this age range (50-79) the
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age-related decrease in glucose tolerance may

.be minimised by aspirin-like analgesics.

In studies of risk factors for disease it is
important not only to assess the enhancement
of risk by a risk factor but also to calculate the
proportion of the disease that would in theory
be eliminated were the risk factor itself elimi-
nated. This proportion is the population
attributable risk per cent and its calculation
assumes a causal relationship.

The population attributable risk per cent
indicates that diabetes may be responsible for
about 12 per cent of cataract extractions in
Oxford. The aspirin-like analgesics are taken
by 30 per cent of controls and appear to halve
the risk of cataract.? Turning this round to
treat NOT reporting an aspirin-like analgesic
as a risk factor, produces a relative risk of 2.1
experienced by 70 per cent of the population.
It can be calculated that the population
attributable risk associated with NOT report-
ing aspirin-like analgesics is 43 per cent. This
is much greater than the risk attributable to
diabetes so the aspirin-like analgesics must
provide a broader protection which will no
doubt include totally distinctinsults to the lens
such as cyanate and cofticosteroids, but could
also include protection against impaired
glucose control that falls short of current defi-
nitions of diabetes. Moderately elevated fast-
ing blood glucose levels in non-diabetics
appeared as a risk factor for cataract in Edin-
burgh.!” It has been reported that 44 per cent
of cataract patients have an abnormal glucose
tolerance curve.?? These reports lead to the
view that a modest elevation of glucose over
many years is damaging to the lens. This
slowly accumulating damage is probably not
acting through an osmotic effect and is much
more likely to be caused by non-enzymic
glycosylation known to occur in many tissues
that are the sites of diabetic sequelae.?
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