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Abstract

Purpose Laboratory studies have suggested

that hormone replacement therapy (HRT) may

protect against the development of cataract,

but epidemiological studies in humans have

thus far been inconclusive. The aim of this

study was to assess the association between

hormone replacement therapy and cataract.

Methods Population-based case–control study

using data from the General Practice Research

Database in the UK. Participants were 10 000

women aged 45 years and over with diagnosed

cataract and 10 000 controls matched on age,

general practice, and calendar period.

Results The crude odds ratio for the

association between cataract and ever-use of

oestrogen-only hormone replacement therapy

was 1.13 (95% CI 0.99–1.29). This reduced to

0.81 (95% CI 0.71–0.94) after adjustment for

consultation rate. Similarly, the crude odds

ratio for the association between cataract and

ever-use of a formulation containing oestrogen

and progestogen was 1.18 (95% CI 1.01–1.39),

reducing to 0.86 (95% CI 0.72–1.02) after

adjustment for consultation rate.

Conclusions Oestrogen-only and oestrogen–

progestogen hormone replacement therapies are

associated with a small reduced risk of cataract.

This data adds to the growing body of evidence

on the effects of HRT on health. All potential

benefits and risks of this therapy should be

taken into account when considering its use.
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Introduction

Hormone replacement therapy (HRT) is one of

the most widely prescribed drugs worldwide,

with over 20 million women using it in some

form in the late 1990s.1 However, it is a drug

beset by controversy. Recent studies have

shown consistent evidence of an increased risk

in incident and fatal breast cancer with long-

term use,2,3 and previous studies suggesting

a protective effect on cardiovascular disease

have not been confirmed.2 Nevertheless, HRT

has its benefits, most notably in the treatment of

menopausal symptoms.4 It is also useful for the

prevention of osteoporosis and reduces

fractures in postmenopausal women.5 In

addition, evidence from laboratory studies has

suggested that it may protect against the

development of cataract.6,7

Cataract is a major cause of poor vision and

blindness,8 with the worldwide prevalence

estimated to increase from 16 million cases in

1997 to 40 million by the year 2020.9 Any factor

that reduces the incidence of cataract may thus

be of great public health significance. Despite

evidence from animal studies, previous

epidemiological studies of the association

between HRT and cataract have produced

inconclusive results.10–17 We therefore

conducted a case–control study to examine

whether the use of HRT was associated with

a reduction in cataract diagnoses, using data

from the United Kingdom General Practice

Research Database.

Patients and methods

The General Practice Research Database (GPRD)

is the largest longitudinal clinical research

database in the UK. It was set up in 1987 and is

now managed by the Medicines and Healthcare

Products Regulatory Agency. It consists of

complete prescribing and diagnostic

information on patients registered with general

practices that are broadly representative of all

general practices in the UK in size and
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geographical distribution.18 The age and sex distribution

of the population within the GPRD is also representative

of the general UK population. It contains biographic data

on all patients; information on any major illness or

procedures; all drug prescription including dose,

strength, formulation, indication, adverse reactions and

coprescriptions, and details of consultation and referrals.

The quality and completeness of information in the

database has been shown to be valid by a number of

external studies.19–21 Information from the database is

completely anonymous. Ethical approval for this

study was given by the Scientific and Ethical Advisory

Group (SEAG) of the General Practice Research

Database.

The source population for this study was 1 441 782

people registered with the 177 general practices actively

contributing to the GPRD in June 2001. Cases were

defined as women aged 45 years and over who were

diagnosed for the first time with any type of cataract. The

diagnosis of cataract was confirmed by hospital

consultant ophthalmologists and the information

forwarded to the general practitioner who records this in

the medical records.22 The date of diagnosis was referred

to as the index date. Cases were required to have at least

180 days of observation prior to the index date. A simple

random sample of 10 000 cases was selected from the

source population. For each case, one control with no

record of cataract anywhere in their medical records was

selected. Controls were alive and registered with the

same practice on the index date of their matched case,

and were also matched to cases on age (within 1 year).

Controls were assigned a pseudoindex date to match the

index date of their matched case, and were also required

to have at least 180 days of observation prior to this date.

Observation periods were truncated if necessary to

ensure that within each case–control set, the duration of

observation period was the same.

Only drug exposures prior to the index date were

included in the analyses. The specific constituents of each

proprietary formulation of HRT were defined according

to the British National Formulary.23 For our analysis, we

examined exposure to oestrogen-only and oestrogen–

progestogen HRT separately. Both HRT types were

initially defined as binary variablesFever or never use.

Ever use was also recategorised as past use (participants

with prescriptions greater than 180 days prior to the

index date but with no current prescriptions) and ‘past

and current’ use (participants currently on HRT and with

past prescriptions). Data on current use (participants

with HRT prescription only within 180 days of the index

date) alone was not used, as the numbers in this category

were too small for meaningful comparisons.

Data on the following a priori confounders were also

extracted from the databaseFdiabetes, hypertension,

glaucoma, systemic steroids, aspirin, body mass index

(weight in kilograms divided by the square of height in

metres), alcohol and smoking. The patient–doctor

consultation rate was also considered a potential

confounder because the frequency of consultation may

influence the likelihood of both cataract diagnosis and

drug prescription, and this variable has been shown to be

an important confounder in previous studies using this

database.24 The mean annual consultation rate for each

participant was calculated by dividing the total number

of consultations by the years of observation prior to the

index date.

The appropriateness of matching the cases and

controls by age was assessed using the mean age

difference within case–control matched sets, calculated

by summing the age difference within each case–control

set and dividing this by the total number of sets.

Following this initial descriptive analysis, HRT use was

modelled as a binary ever/never exposure using

conditional logistic regression, examining oestrogen-only

and oestrogen–progestogen combinations separately. We

then fitted a series of bivariate models for each HRT type,

retaining only the variables that changed the odds ratio

for HRT by 10% or more in the models. All analyses were

conducted using the STATA 7.0 software.25

The prevalence of HRT use among controls in

this study population was 5.5%. The study thus

had 90% power at the 5% significance level to detect

a reduction of 0.8 in the odds of developing cataract with

HRT use.

Results

The characteristics of cases and controls are shown in

Table 1. The mean age of the participants was 81 years.

The mean age difference within case–control sets was

0.01 year (standard deviation 0.12), suggesting that the

matching on age was successful. The mean observation

period was 4.4 years. In all, 35.8% of cases consulted their

doctors eight or more times per year compared to only

23.1% of controls. The higher the consultation rate, the

higher an individual’s risk of being diagnosed with

cataract (Table 1).

Table 2 shows the univariate and adjusted association

between cataract and HRT. In all, 6.04% of the cases had

ever been exposed to oestrogen-only HRT, with 2.71%

(271 of 604) classified as past users and 3.14% (314 of 604)

classified as ‘past and current’ users. The remaining 19

women were current users only, and therefore not

included in the stratified analyses. A smaller percentage

of controls were ever-users (5.50%), with 2.11% (211 of

550) classified as past users and 3.07% (307 of 550)

classified as ‘past and current users’. In all, 32 women

were current users only. The proportion of cases and
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controls ever exposed to oestrogen–progestogen HRT

were 4.28 and 3.78%, respectively. A total of 31 cases and

22 controls had been exposed to both oestrogen-only

HRT and to oestrogen–progestogen HRT. The numbers

were too small to analyse a mixed pattern of exposure

on its own, and these women were included in the

oestrogen–progestogen HRT group in the analysis.

In a reanalysis excluding women exposed to both

Table 1 Characteristics of cases and controls and univariate associations

Cases (N¼ 10 000) Controls (N¼ 10 000) Odds ratio (95% CI) P-value

Mean age difference by set (year) (SD) 0.01 (0.12)
Mean age (years) (SD)a 81 (10.0) 81 (10.0)
Mean observation period (years) (SD)a 4.4 (2.6) 4.4 (2.6)
Age (years)a

45–74 2254 (22.5%) 2254 (22.5%)
75–84 3659 (36.6%) 3662 (36.6%)
85–89 2065 (20.7%) 2066 (20.7%)
Z90 2022 (20.2%) 2020 (20.2%)

Mean annual consultation rate
o2 1066 (10.7%) 2872 (28.7%) Baseline
2–4 2773 (27.7%) 2802 (28.0%) 3.05 (2.76–3.36)
5–7 2585 (25.9%) 2014 (20.1%) 4.17 (3.76–4.63) o0.001*
Z8 3576 (35.8%) 2312 (23.1%) 5.30 (4.78–5.87)

Diabetes 1217 (12.2%) 626 (6.30%) 2.10 (1.90–2.33) o0.001
Hypertension 4360 (43.6%) 3594 (35.9%) 1.39 (1.31–1.48) o0.001
Glaucoma 1013 (10.1%) 498 (4.98%) 2.18 (1.95–2.45) o0.001
Systemic steroids 1538 (15.4%) 1064 (10.6%) 1.56 (1.43–1.70) o0.001
Aspirin 1996 (20.0%) 1517 (15.2%) 1.43 (1.33–1.55) o0.001
Body mass index (kg/m2)

15–21 1550 (15.5%) 1228 (12.3%) Baseline
22–24 1856 (18.6%) 1568 (15.7%) 0.95 (0.86–1.05) 0.33
25–27 1635 (16.4%) 1382 (13.8%) 0.96 (0.86–1.06) 0.39
Z28 1913 (19.1%) 1616 (16.2%) 0.96 (0.87–1.07) 0.49

Missing data 3046 (30.5%) 4206 (42.1%)
Alcohol consumption

Nondrinker 2625 (26.3%) 2253 (22.5%) Baseline
Exdrinker 50 (0.50%) 45 (0.45%) 0.95 (0.63–1.45) 0.82
Current drinker 4939 (49.4%) 4226 (42.3%) 1.02 (0.95–1.10) 0.59
Missing data 2386 (23.9%) 3476 (34.8%)

Smoking
Nonsmoker 6461 (64.6%) 5440 (54.4%) Baseline
Exsmoker 967 (9.67%) 798 (7.98%) 1.03 (0.93–1.14) 0.58
Current smoker 1176 (11.8%) 1095 (11.0%) 0.93 (0.85–1.02) 0.14
Missing data 1396 (14.0%) 2667 (26.7%)

aNo odds ratios given as matching variables.

*P-value for trend.

Table 2 Association between cataract and HRTFadjusted for mean annual consultation rate

Cases
(N¼ 10 000)

Controls
(N¼ 10 000)

Univariate OR
(95 % CI)

Adjusted OR for consultation
rate (95% CI)

P-value

Oestrogen-only
Never 9396 (94.0%) 9450 (94.5%) Baseline Baseline
Ever 604 (6.04%) 550 (5.50%) 1.13 (0.99–1.29) 0.81(0.71–0.94) o0.001
Past only 271 (2.71%) 211 (2.11%) 1.33 (1.10–1.61) 0.92 (0.75–1.12) 0.41
Past and current 314 (3.14%) 307 (3.07%) 1.05 (0.89–1.26) 0.78(0.65–0.94) 0.009

Oestrogen-progestogen
Never 9572 (95.7%) 9622 (96.2%) Baseline Baseline
Ever 428 (4.28%) 378 (3.78%) 1.18 (1.01–1.39) 0.86(0.72–1.02) o0.001
Past only 233 (2.33%) 166 (1.66%) 1.49 (1.19–1.84) 1.08(0.86–1.37) 0.51
Past and current 182 (1.82%) 190 (1.90%) 0.99 (0.79–1.24) 0.73(0.57–0.92) 0.008
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oestrogen-only and oestrogen–progestogen HRT,

the results obtained were almost identical with the

odds ratios differing by less than the second decimal

place.

In the unadjusted analysis, oestrogen-only HRT users

had a slightly increased risk of developing cataract

compared to the never users (odds ratio 1.13, 95% CI

0.99–1.29). While there was a significant increase in risk

among the past users (odds ratio 1.33, 95% CI 1.10–1.61),

‘past and current’ use was associated with a small

nonsignificant increased risk of cataract (odds ratio 1.05,

95% CI 0.89–1.26). The crude odds ratio for the

association between cataract and any oestrogen–

progestogen HRT exposure was 1.18 (95% CI 1.01–1.39).

The risk was higher among past users, such that they

were about 1.5 times more likely to develop cataract than

never users (odds ratio 1.49, 95% CI 1.19–1.84). ‘Past and

current’ use of this treatment was not associated with the

risk of cataract in the crude analysis (odds ratio 0.99, 95%

CI 0.79–1.24).

The association between any HRT exposure and

cataract changed substantially after adjusting for mean

annual consultation rate, with a significantly lower risk

of developing cataract in almost every group of HRT

users. Among ever-users of oestrogen-only HRT, the

odds ratio for cataract adjusted for consultation rate was

0.81 (95% CI 0.71–0.94) compared with never-users; while

among oestrogen–progestogen HRT users, the

consultation rate-adjusted odds ratio for cataract was

0.86 (95% CI 0.72–1.02). While past use of oestrogen-only

HRT following adjustment for consultation rate reduced

the risk of cataract (odds ratio 0.92, 95% CI 0.75–1.12),

past use of oestrogen–progestogen HRT was associated

with a small increased risk of cataract (odds ratio 1.08,

95% CI 0.86–1.37), although neither of these associations

were statistically significant. ‘Past and current’ users of

either formulation had a significant reduced risk of

cataract after adjustment for consultation rate. The

associations were not materially affected by adjusting for

diabetes, hypertension, glaucoma, systemic steroids, or

aspirin in the total sample or by adjusting for body mass

index, alcohol or smoking.

Discussion

The results from this study suggest that use of oestrogen-

only or oestrogen–progestogen HRT is associated with

a small protective effect against cataract development

once we adjusted for a measure of how often patients

were seen by their GP. When patterns of use were

examined, this effect seemed limited to ‘past and current’

users with no significant effects in women who had only

used HRT in the past.

While the data from the GPRD are known to be

relatively accurate and complete,19–21 alternative

explanations for the results need to be considered.

Selection bias is unlikely in this study, as cases and

controls were randomly selected from the GPRD cohort

of patients. There is also little potential for

misclassification of the exposure, as all information was

obtained from the database and not from individual

patients, thus reducing the possibility of recall bias.

A further strength of this study was that it was possible

to determine the temporal sequence of events as drug use

is known to have preceded the determination of disease

status. The fact that HRT was prescribed does not,

however, imply actual use. This may lead to some

misclassification with regards to users and nonusers,

although this is not likely to be differential between cases

and controls. Validation studies comparing self-reported

HRT use and information from general practitioners’

records have also found good agreement (96%).26 It was

also not possible to study the cumulative effect of HRT

use, as there was no information on its use before

patients registered with the GPRD. Thus, incomplete

ascertainment of past use may be greater in past users as

opposed to current users and this may explain why we

found no effect of past use on its own. It would be useful

for future studies to look more closely at patterns of use

and for a possible dose–response effect in order to fully

understand the association.

There may have been more opportunity for

misclassification of the outcome, particularly as systemic

differences in ascertaining case status may exist between

general practices in relation to the hospitals consulted.

However, the validity of a recorded diagnosis of cataract

in the GPRD has been found to be high (94%)22 and we

were able to ensure some uniformity in diagnostic

pattern by matching cases and controls on the general

practice used. In spite of this, one of the major challenges

facing epidemiological research of cataract is the problem

of case ascertainment. Cataract progresses from

subclinical lesions that can only be detected by slit-lamp

examination to lesions large enough and dense enough to

obscure vision. It is possible that some people with

smaller opacities may have been labelled as noncases.

However, there is no reason to suspect this

misclassification would be differential with regard to

exposure status, meaning only that the effects under

study may have been somewhat underestimated. In

addition, information on the different cataract subtypes

was not available. While it has been said that the effect of

HRT may differ for the different subtypes of cataract,

results from previous studies have been inconsistent. In

this large, multiethnic database, all the cataract subtypes

would have been represented. More importantly, the

burden on the individual and health services is the
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presence of any cataract and not necessarily the cataract

subtype.

In observational studies, women who take HRT tend to

be generally healthier than women who do not. They are

also more likely to adhere to other protective types of

behaviour than nonusers. Failure to adjust for this

potential confounding effect may lead to an overestimate

of the protective effect of HRT. However, we were able to

adjust for several indicators of health status in the

multivariate analyses, but only mean annual consultation

rate changed the crude effect of HRT on cataract. By

matching on practice, we may have partially controlled

for the effect of socioeconomic status (there is no

information on this available in the GPRD) and there

remains the possibility of uncontrolled confounding by

unknown factors.

The levels of missing data for body mass index, alcohol

consumption, and smoking were higher among controls

than among cases. For both cases and controls, well over

half the people with missing data were in the lowest

category for consultation rate. This is as expected. People

who attended the general practice less were less likely to

have their body mass index, alcohol, and smoking status

recorded. Controls were more likely to be in the lowest

category for consultation rate, and were therefore more

likely to have missing data from body mass index,

alcohol, and smoking. The observed lack of association

between cataract and current or exsmoking is

inconsistent with smoking being an established risk

factor for the disease.27 The crude odds ratio for the

association between cataract and current smoking was

0.93 (95% CI 0.85–1.02). While the prevalence of current

smoking is consistent with that recorded in a large

representative household survey in the UK, the level of

exsmoking is much lower than would be expected.28 We

have previously shown that for people recorded as being

current smokers, the magnitude and direction of the

dose–response relationship with the risk of lung cancer

are what would be expected,29 suggesting that a code for

current smoking is accurate. A likely explanation for the

observed lack of association between cataract and either

current or exsmoking when compared with nonsmoking

is that many people recorded as being nonsmokers are in

fact exsmokers.

Our results are mostly consistent with other previous

studies of this association. For example, the protective

effect of oestrogen-only HRT against any cataract found

in this study agrees with results from the Nutrition and

Vision Project in the United States.15 In addition, both

Blue Mountains Eye Studies16,17 found that oestrogen–

progestogen HRT had a protective effect against cortical

and nuclear cataract. The only previous study in the

UK,13 a prospective cohort study based on a population

of 250 participants, did not find any association with

HRT. Our sample was much larger than theirs however,

and we may have been able to detect smaller effects than

they could.

Evidence of biological plausibility of a protective effect

of HRT is provided by several studies. First, oestrogen

receptor messenger RNA has been found in the human

lens, suggesting that oestrogen has a direct effect on the

lens.30 In laboratory rat models, oestrogen has been

found to protect against cataract induced by

transforming growth factor- beta6 and by

methylnitrosourea.7 Significantly, oestrogen has also been

shown to have antioxidant properties.31 This is important

in the context of this study as peroxidation within the

lens may be one of the mechanisms leading to cataract

formation. In addition, higher levels of reduced

glutathione and gluthathione peroxidase (measures of

antioxidant activity) have been found in postmenopausal

women using HRT.32 Long-term use of tamoxifene

citrate, an antioestrogen, has been associated with an

increased risk of cataract.33

We have found that hormone replacement therapy has

a protective, albeit weak, effect against cataract

development. Our study also suggests that progestogen

may not be involved in cataract aetiology, because the

risk of cataract was similar for both HRT types. It

therefore adds to the documented beneficial effects of

HRT although, given the recent evidence of its effects on

the development of breast cancer and cardiovascular

disease, all potential benefits and risks of this therapy

should be taken into account when considering its use.
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