
External factors in
the development of
cataract

L Robman and H Taylor

Abstract

Aims To provide an update on the risk

factors for cataract development.

Methods Review of the literature.

Results Age and heredity are the most

important risk factors associated with the

different types of cataract. While the

hereditary component is self-explanatory,

increasing age serves as a surrogate for a

number of potential external risk factors,

the effect of which is cumulative.

Identification of the risk factors that have a

causal effect on cataract development may

provide means for cataract prevention. There

are only a few risk factors that satisfy the

criteria for causal effect: smoking, which

results in the increased risk of nuclear

cataract, excessive UV-B exposure and

diabetes that increase the risk of cortical

cataract, and steroidal treatment, diabetes

and ionising radiation that lead to the

formation of posterior subcapsular opacity.

The effect of medications on cataract

development requires further study, since

the effect of the diseases should be

distinguished from that of treatment. ‘Stop

Smoking’ and ‘UV-B protection’ campaigns

are gaining momentum as preventative

measures, while the attempts to actively

prevent cataract with antioxidants have not

been successful. Cataract research has been

facilitated lately by improvements of precision

and standardisation in measuring lens

opacities. However, measurement precision on

its own cannot give us a solution to this

problem.

Conclusion The major studies repeatedly

measure the exposure to the traditional health

hazards, while the missing parts in the

equation are those risk factors that we do not

know about and therefore do not measure.

New approaches and new hypotheses are

needed.
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Cataract is a major cause of visual disability and

blindness, in ageing population presenting

enormous financial burdens for both

governments and individuals.1 Handling a

constantly increasing demand for highly

successful and cost-effective cataract extraction

is a great challenge for the public health

system.2

Heredity is the major determinant for the

development of cataract.3 The hereditary

component can be responsible for up to 70% of

cataract cases.4 The role of genetics has been

shown repeatedly through case observations,

family studies, and studies on twins.5–8

Heritability is clearly not limited to only

congenital cataract, but it is also important in

the development of age-related nuclear and

cortical opacities.5,6,9

The term ‘external’ risk factors for cataract

refers to those risk factors that are not

hereditary. The origin of nonhereditary age-

related cataracts, is the least understood and the

effect of many ‘unknown’ risk factors is

conveniently bundled into ‘old age’. For

identification of the contributing external risk

factors, every hypothesis is important and

quantitative analyses of the various possible

putative risk factors are needed. However,

when cataract is associated with certain diseases

such as diabetes, the effects of a genetic

predisposition, the disease itself, and its

treatment are intertwined, and it can be difficult

to determine whether risk is external or internal.

A large number of epidemiological

associations were suggested between various

health hazards and cataract prevalence. The

associated factors can either be merely markers

or real causes of the disease. To assess whether

the putative risk factors play a causal role, these

links should meet several criteria for causal

association: temporality, where cause precedes

effect; strength, defined as a large relative risk;
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dose–response, showing direct association between larger

exposure to cause and higher rates of disease; reversibility,

where reduction in exposure is associated with lower

rates of disease; consistency in different observations;

biological plausibility; and specificity.10 Although specificity

is not a necessary criterion for risk factors for such a

multifactorial disease as is cataract, the putative causes

should meet all other listed criteria.

Risk factors for cataract prevalence

Summary of previous reviews

Over the last 25 years, there have been a number of

epidemiological studies that have examined risk factors

for cataract prevalence. The recent reviews with detailed

analysis of the findings from these studies11–14 showed

that only a few risk factors meet the epidemiological

criteria for causality. The major causal external risk

factors that have been suggested so far are smoking,

excessive sunlight exposure and other diseases, or their

treatments that change lens metabolism. Others like

education, employment, socioeconomic factors, rural

residence, or even iris color are most likely markers of

pathology and the causes manifested by these markers

are yet to be identified.

Smoking

The results of different studies that examined smoking as

a risk factor for nuclear cataract have been reviewed by

West and Valmadrid.11 This analysis shows a consistency

of this association across eight out of 10 studies included

in the review. Strength of association, lower

cataractogenic effect in past smokers vs current smokers,

which addresses the issue of reversibility, and a clear

dose–response effect were demonstrated.15–22 A

population-attributable risk of smoking for nuclear

cataract can reach 17%.23 Defining smoking as a cause of

cataract gave a boost to ‘Stop Smoking’ campaigns,

adding the issue of visual impairment to the issue of

mortality from lung cancer, heart disease, and chronic

obstructive airways disease.

UV-B exposure

A detailed review by McCarty and Taylor of the

epidemiologic evidence from 22 studies on humans14 and

the review of ecological studies previously conducted by

West24 showed that lifetime exposure to ultraviolet

radiation has a direct association with prevalence of

cortical cataract. This was shown in the 15 studies that

had different designs, populations, and various levels of

exposure to other risk factors. The most convincing data

on this association were provided by the studies that

quantified individual ocular UV-B exposure and

analysed dose response. In the areas with the same level

of ambient sunlight, variations in individual behaviour

can be a reason for up to a 18-fold difference in UV-B

exposure. Sunlight exposure presents an attributable

population risk of 10% for cortical cataract.23 WHO

estimates that 20% of world blindness from cataract may

be due to UV radiation exposure. Wearing a brimmed hat

and UV-B protecting sunglasses and also avoiding direct

sunlight at the peak hours of UV-B radiation have been

suggested as a powerful measures of primary prevention

for cortical cataract.13,14,23,25,26

Diabetes

‘Sugar cataracts’ were noticed a long time ago through

case observations, before medical treatment became

available. Association of these two types of cataract with

diabetes mellitus and galactosaemia was proven through

biochemical and experimental studies. Higher

prevalence and early onset of cortical cataract and

posterior subcapsular opacities in diabetic patients was

confirmed by clinical studies.11,27 It has been suggested

that about 4% of all cataract is attributed to diabetes.28

Diabetes as a risk factor for cataract fitted all

epidemiological tests for causality except for probably

reversibility. An interesting thing to analyse would be

whether optimal diabetes control reduces this risk.

Use of steroids

Reviews by Hodge et al27 and West and Valmadrid11

showed that the strength of the association, biologic

plausibility, and consistency across studiesFall indicate

that both systemic and topical steroids are significant risk

factors in the formation of posterior subcapsular

cataracts. Inhaled steroids have also been shown to

increase the risk of cataract.29,30 The population

attributable risk was estimated by Hodge et al27 as being

low since most people are not chronic steroid users.

However, the ageing of population together with the

advances in surgery, tissue or organ transplantation,

treatment of respiratory, rheumatoid, and many other

conditions do require steroid use and this escalates the

risk.

Alcohol and other factors

Although alcohol was shown by a number of studies to

be a risk factor for different types of cataract, and

especially for posterior subcapsular opacities,16,19,31–33 the

conclusion needs to be drawn carefully, as there is a

number of possible biases. The most important concern is

that a large number of studies did not report on this

association, despite the fact that the information on

alcohol intake is routinely collected. Presumably, there

was no association. It might be that participants did not

External factors in development of cataract
L Robman and H Taylor

1075

Eye



always provide correct information on this matter,

considering it embarrassing. On the other hand, those

who participate in health research may be less likely to

heavily drink. Also, drinking customs could be

traditionally different in different populations. A diverse

effect, harmful of heavy drinking and protective of

moderate alcohol consumption, was found in the Beaver

Dam Eye Study.33 No increased risk of alcohol intake on

cataract development was found in two Australian

population-based studies.34,35

A number of other risk factors have been examined,

but the results are less consistent across studies. This

applies to hypertension, severe dehydration, and

malnutrition. A causal role of diseases, where the

cataractogenic effect of medications can be difficult to

distinguish from the intrinsic effect of the disease needs

further investigation.

Recent reports

Several new reports have been published on the risk

factors associated with the prevalence of cataracts since

the last major reviews, confirming previously identified

associations for smoking,23,34,36,37 diabetes,34,38–41 and UV-

B exposure,23,34,36,42–45 and indicating new associations

that would need further explorations.23,32,34,36,38–40,46

Thus, more attention has been paid to systemic

diseases and the use of medications. An increased risk of

cortical cataract prevalence was associated with the use

of amiodarone,46 gout duration of greater than 10 years,

arthritis and the use of oral beta-blockers,23,34 weight

change, and use of thyroid hormones.36 In contrast to the

idea of Vitamin E intake providing protection, an

interaction between ocular ultraviolet B exposure and

vitamin E41 was identified as a risk factor for nuclear

cataract. Also, an increase of risk for nuclear cataract was

associated with the use of phenothiazines46 and a

decresed risk (protective effect) with the use of

nonsteroidal anti-inflammatory drugs.36 The risk factors

for posterior subcapsular cataract were the use of

thiazide diuretics,23 antimalarial drug mepacrine,46 and,

paradoxically, vitamin E intake23 and long-term aspirin

intake.46

An association of high prevalence of cortical cataract

with hypertension and abdominal obesity in a black

population was reported from the Barbados Eye Study.38

In contrast to this, in rural India lean body mass index

was found to be harmful, whereas a high waist-to-hip

ratio was protective against nuclear and posterior

subcapsular cataract.37 Regrettably, this study was unable

to collect data on nutritional status of the participants.

An association of cataract with use of cheap cooking

fuel in India,32 will probably need to be further explored.

Since the more factors we choose to analyse, the more

likely some statistically significant chance associations

could be found, the criterion of consistency across studies

becomes increasingly important. Therefore, the above-

indicated associations await confirmation from other

studies, conducted on different populations.

Usually, in research on risk factors for cataract

prevalence, the data on medical history and personal

history of smoking, sunlight exposure, and use of

medications are collected in retrospective mode. This

approach may show dose–response and can be used to

assess the strength of associations. However, prevalence

data lack information on the time of onset of the disease

and, therefore, cannot fully address the issues of

temporality. Identification of the factors associated with

the incidence and progression of cataract may shed

additional light on the disease process.

Risk factors for cataract incidence and progression

In the last decade, information on cataract risk factors has

emerged from longitudinal studies. Results from the

studies investigating risk factors associated with the

incidence and progression of different types of age-

related cataract are summarised in chronological order in

Table 1.47–53

These studies found a significant role of smoking in

nuclear cataract progression47,48 and confirmed the role

of diabetes in the incidence of cortical and PSC

cataract.49,50,52

Special attention was paid to the medications used by

the participants. A 5-year follow-up in the Blue

Mountains Eye Study51 revealed a three-fold increase of

PSC incidence among participants using

antihypertensive medications. Although the range of

medications could be quite wide, this finding is in

agreement with previously reported links between

diuretic treatment and changes in lens transparency. It

was also found in this study that those with a history of

angina were at two-fold risk of having cataract surgery.

This finding may need further exploration to determine

whether the association was a result of altered

metabolism or an effect of treatment for ischaemic heart

disease.

The Longitudinal Study of Cataract48 found that the

medications used for treatment of gout are associated

with more than two-fold 4-year risk of nuclear

opacification.

In the Barbados Eye Study,50 conducted on an African-

descent population, the 4-year incident risk of cortical

cataract was five times lower among aspirin users.

The analysis of 678 drugs in relation to 5-year cataract

incidence in the Beaver Dam Eye Study52 showed a

greater than 20% decreased risk of nuclear cataract
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Table 1 Recent references on risk factors for age-related cataract incidence and progression

Reference Details of study, methods of examinations Results/conclusion

West S, 1995. Cigarette smoking and risk for
progression of nuclear opacities. Arch
Ophthalmol 113: 1377–1380

Cohort study. N¼ 442 men
5 years of follow-up
Interviews, lens photo grading

Increase in risk of progression of nuclear opacities to advanced stages among
current smokers compared with that among ex-smokers and nonsmokers.
(OR¼ 2.4, 95% CI: 1.0, 6.0) after adjustment for age, baseline opacity status, and
alcohol use. An 18% increased risk of progression was significantly associated
with each pack-year that a subject smoked between 1985 and 1990.

Klein B, 1998. Diabetes, cardiovascular disease,
selected cardiovascular disease risk factors, and
the 5-year incidence of age-related cataract and
progression of lens opacities: the Beaver Dam
Eye Study. American Journal of Ophthalmology
126:782–790

Cohort study N¼Aged 43þ Interviews,
lens photograding

Incident cortical and posterior subcapsular cataracts (Pr0.001 for worse eye for
each lesion) and progression of cortical and posterior subcapsular opacities were
more common in those with diabetes (Pr0.001 for either eye for each lesion).
Increased glycated haemoglobin level was associated with increased risk of
nuclear and cortical cataracts in those with diabetes.

Cardiovascular disease and its risk factors have little effect on the incidence of
any age-related cataract.

Leske, M., 1998. Risk factors for nuclear
opalescence in a longitudinal study. LSC
Group. Longitudinal Study of Cataract. Am J
Epidemiol 147:36–41

Cohort study, N¼ 764
4 years of follow-up
Lens photograding with LOCSIII
Baseline data on possible risk factors

Risk of nuclear opacification increased in white race (RR¼ 2.94), lower education
(RR¼ 1.50), use of gout medications (RR¼ 2.32), current smoking (RR¼ 1.58),
family history of cataract (RR¼ 1.39), and pre-existing posterior subcapsular
opacities (RR¼ 6.67). An association with early use of eyeglasses was also
suggested (RR¼ 1.37).

Christen W, 2001. Aspirin use and risk of
cataract in posttrial follow-up of Physicians’
Health Study. Arch Ophthalmol 119:405–412

Cohort study. N¼ 20 968
15 years of follow-up
Post-RCT aspirin use questionnaires, self-
reports on cataract (confirmed by medical
record review) responsible for a reduction
in BCVA to 20/30 or worse and cataract
extraction

No long-term benefit of 5 years of low-dose aspirin treatment on total cataract or
cataract extraction. Post-trial, observational data also indicated no decreased risk
of cataract, but a small increased risk in aspirin users: RR¼ 1.20 (95% CI, 1.03–
1.40). For cataract extraction, the multivariate RR was 1.22 (95% CI, 0.98–1.51).

Klein, B, 2001. Drug use and five-year incidence
of age-related cataracts: The Beaver Dam Eye
Study. Ophthalmology 108: 1670–1674

Cohort study
Interview, lens photograding
678 drugs (active ingredients) used

Significantly lower incidences of nuclear cataracts 5 years later occurred in those
who took thiazide diuretics (OR¼ 0.79, 95% CI 0.63, 1.00) and aspirin (OR¼ 0.76,
95% CI 0.61, 0.95) at the baseline examination. There were significantly more
incident cortical cataracts in those taking oral steroids (OR¼ 2.59, 95% CI 1.45,
4.62), amitriptyline (OR¼ 2.03, 95% CI 1.09, 3.79), oral hypoglycaemic agents (OR
2.06, 95% CI 1.23, 3.44), and insulin (OR¼ 3.38, 95% CI 1.61, 7.08). There were
significantly more incident posterior subcapsular cataracts in those taking
potassium-sparing diuretics (OR¼ 2.13, 95% CI 1.42, 3.18) and oral
hypoglycaemic agents (OR¼ 2.89, 95% CI 1.57, 5.33). Hypoglycaemic agents were
not associated with any cataract type after stratifying by diabetes status.

Younan C, 2003. Cardiovascular disease,
vascular risk factors and the incidence of
cataract and cataract surgery: the Blue

BMES cohort study, N¼ 3235
5 years of follow-up

Obesity (body mass index Z30 kg/m2) was significantly associated with
increased incidence of both cortical (OR¼ 1.6, 95% CI 1.2–2.2) and posterior
subcapsular cataract (OR 2.1, CI 1.2–3.7). Hypertensive participants using
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among users of thiazide diuretics or aspirin. The risk of

incidental cortical cataract was 2.6 times higher among

users of oral steroids and two times higher in users of

amitriptylin. The risk of posterior subcapsular opacity was

two-fold higher in users of potassium-sparing diuretics.

The Physicians’ Health Study showed no long-term

benefit of 5 years of low-dose aspirin treatment on

cataract prevalence or cataract extraction through a

randomised control trial. In a post-trial 7-year follow-up

study, a small increase of cataract risk was noted among

frequent aspirin users,53 which is inconsistent with a

number of studies, where either a protective effect19,50,52

or no association between aspirin use and cataract

prevalence was detected.11

Such close attention to medications has been justified

by the facts that some diseases were associated with

higher cataract prevalence, but their causality was hard to

prove. Separation of the effect of disease from the effect of

medications presents enormous difficulty. Randomised

controlled trials are impossible to conduct for this

purpose, as it is equally unethical to treat the sick with

placebo or to give a potentially harmful active medication

to the healthy. However, this separation of effects is a

matter of extreme importance, since some drugs may

potentially add visual impairment to the suffering of

those who are already in pain and poor health.

Thus, longitudinal data tended to confirm the results

from the cross-sectional studies on the causal role of

smoking and steroidal therapy, showed a strong

association with diabetes, and continued controversy in

regards to the use of aspirin and diuretics.

Testing of cataract risk factors against the criteria for

causality is not always easy or feasible, since the process

of the cataract development has a large time span and the

causes are most likely concealed in the subject’s past.

However, with the development of improved measuring

systems for both exposure to risk factors and cataract

severity, the epidemiological studies have been

successful in the identification of some causes and

generated hypotheses for further testing. Probably, the

most tempting theory to emerge was that lens opacity

results from oxidative damage and that treatment with

antioxidants would prevent or slow cataract

development. This theory was supported by the

assumption that UV-B exposure and smoking, both

established risk factors, cause lens damage through

oxidation.

This hypothesis was tested in six randomised

controlled trials.

Interventional trials

The cancer prevention trial on 1828 male smokers in

Scandinavia found no effect of either vitamin E orT
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beta carotene on cataract prevalence after 6.6 years

of supplementation.54 End-of-trial’ eye

examinations involved slit and retroillumination

photographs.

The other cancer prevention trial studied for 5–6 years

a nutritionally deprived population in rural China. The

substudies on 2141 subjects in trial 1 and 3249 in trial 2,

entitled the Linxian cataract studies, found a beneficial

effect of multivitamins and minerals and also of niacin

and riboflavin supplementation for nuclear cataract

prevention.55 End-of-trial examination involved slit and

retroillumination photographs.

A randomised trial of 17 744 US male physicians noted

no effect on cataract incidence or cataract extraction after

13 years of beta carotene use.56 Self-reports were the main

source of information.

The Age-Related Eye Disease Study (AREDS), a

randomised placebo-controlled clinical trial of high-dose

supplementation with vitamins C, E, and beta carotene

on 4753 participants, found no effect of this

supplementation on cataract incidence or progression

over 7 years of follow-up.57 Examination involved slit

and retroillumination photographs.

The Vitamin E, Cataract and Age-related macular

degeneration Trial (VECAT), conducted on 1193

participants in urban Australia, found no effect of high

dose of vitamin E on either incidence or progression of

both cortical and nuclear cataract.58 Both subjective

clinical cataract grading and computerised, standardised

digital Scheimpflug and retroillumination lens imaging

produced negative results.

The Roche European-American Anticataract Trial

(REACT) on 297 participants, assessing the prevalence

and severity of cataract on retroillumination lens images,

produced inconclusive results, since no effect on cataract

development from the treatment with a combination of

antioxidants was noticed in the UK group of participants

in contrast to a small protective effect found in the US

arm of this study.59

Thus, to much disappointment, the results of

these interventional trials did not support the very

plausible hypothesis of preventing cataracts with

antioxidants. However, a potentially protective effect

of antioxidant supplements could not be completely

ruled out by these trials. Oxidative damage may have

an accumulating effect and sufficient damage may

occur in younger age. Treatment in the middle age

might be too late for antioxidant supplements to

repair damage that occurred decades ago. It is

possible that lifetime antioxidant supplements

might be more protective, although the cost

effectiveness of cataract surgery would probably

outweigh the benefits of lifelong vitamin

supplementation.

Quantification of lens opacity measurements in risk

factor assessment

Improved and more precise assessment of early cataract

and its progression is advantageous for lens research and

risk factor assessment. Quantification of lens changes has

been a major focus for many researchers. As yet there is

not a universally accepted system to measure lens

changes. Several clinical systems of cataract grading have

been suggested.60–70 Most of them use a set of standard

photos of nuclear opacities and assess the proportion of

the pupil occupied by the cortical/PSC opacities.

In the last two decades, different objective

measurements of cataract types and disease severity

have been developed. Implementing Scheimpflug and

retroillumination digital photography with computerised

analysis of lens opacities has allowed progression of

cataract to be measured with great precision.71–88 This

method, cost effective for the large epidemiological

studies,89 is probably the best technique for recording

cataract changes.

High-resolution Scheimpflug and retroillumination

digital images are repeatable, precise, and highly

correlated with clinical cataract grading, although certain

artefacts still occur. For example, the images are only

black and white; therefore, cases of advanced nuclear

brunescence are not adequately assessed. Cortical

cataract measurement is difficult to standardise because

of variability in pupil dilation that exposes a large or

smaller proportion of the lens. Also, irregularities in light

reflection from the retina introduce further error in

cortical cataract grading. Measurements of posterior

subcapsular cataract are less affected by technological

artefacts, but a relatively low prevalence of posterior

subcapsular cataract means that a very large study size is

required to assess the population risks and the effect of

risk factors.

Unfortunately, due to low demand, two commercially

produced digital lens cameras, the Nidek EAS-1000 and

the Oxford CASE 2000, are no longer available.

Although a high level of precision in lens opacity

measurements can been reached, most large

epidemiological studies have relied on subjective cataract

grading, either during slit lamp examination or using

photographs taken with a slit lamp.

Discussion

We tend to accept as inevitable the onset of cataracts that

are caused by the use of medications, especially when

such treatment is lifesaving. The main purpose of the

research into risk factors is to identify modifiable causes

of the disease that will provide some basis for cataract

prevention strategies. Smoking and sunlight exposure
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are the best examples of causal modifiable external risk

factors. ‘Stop Smoking’ and UV-B protection campaigns

have started in some countries and are gaining

momentum and impact. However, the burden of cataract

surgery does not decrease. One of the possible reasons

for this is that improvement in operative technique

allows for lifting visual acuity thresholds for cataract

surgery. Another reason is that ageing of the population

presents an increasing demand for cataract surgery.

However, the main reason for this is that the risk factors

which have an accumulating effect over years and

contributing to the so-called ‘age-related’ cataract are yet

unknown and primary prevention is almost impossible.

Preventative measures on smoking and sunlight

exposure could result in a relatively small reduction of

age-related cataract prevalence, as the population-

attributable risks of these factors are lower than 20%.

The question arises as to whether the search for risk

factors for cataract is far from completion or maybe it is a

genetic factor that plays such a major role in this disease,

despite the fact that onset of the disease is usually very

late.

Our ability to measure both lens opacities and

exposure risk factors has significantly improved and this

gives us greater precision in assessing the associations.

However, despite all the advances in lens research, there

has been no major breakthrough in the identification of

new risk factors for cataract prevalence, incidence or

progression. The need for a large time span for studies,

the multitude of confounders, and the fact that

epidemiological associations do not necessarily reflect

causative links present enormous challenges in

ascertaining the true aetiologic factors of age-related

cataract. The comparison and integration of the results

from different studies is difficult, especially as significant

associations tend to be published eagerly and reported

widely in the popular press, whereas negative results

may not be published at all. Therefore, a few chance

findings may outweigh a large body of data showing no

associations between a given risk factor and cataract

development.

Results from the exhaustive and exhausting

randomised controlled trials of antioxidants show that

this treatment does not have a significant effect on

cataract incidence or progression. ‘Stop Smoking’ and

‘UV-B protection’ campaigns are still the only two proven

avenues for primary prevention of cataract. Until we

know more about cataract risk factors and have greater

ability to prevent their onset through primary

prevention, the main means to avoid unnecessary low

vision and disability from cataract will continue to be

secondary prevention through early detection and timely

cataract surgery.
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