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Summary

The City Eye Study is a nine year longitudinal prospective epidemiological study.
During the first three year phase the study recruited 1029 volunteers, aged between
54 and 65 years, primarily from companies and organisations working in or around

the City of London.

The analysis of the first cohort data shows a significant association between
nuclear lens opacities and moderate to heavy cigarette smoking. The Relative Risk
for nuclear lens opacity and cigarette smoking ranges from 1.0 for past light-smokers
through 2.6 for past heavy-smokers, to 2.9 for present heavy smokers.

Most previous studies seeking to identify
aetiological factors for cataract and senile
macular degeneration have been case control
studies on patients presenting at hospitals
with these conditions. It may be possible how-
ever to identify important risk factors at a
stage before the patient would typically pres-
ent at hospital with decreased visual acuity.
The City Eye Study is so named because it
recruited volunteers from a range of com-
panies and commercial enterprises in the city
of London. It is a nine year longitudinal study
into the mostimportantblinding conditionsin
an ageing population, immediately before and
after the years of retirement. The aims of the
study are to identify risk factors for the
development of these conditions, to collect
data on the natural history of senile cataract
and senile macular degeneration and to esti-

mate the incidence of these diseases in the
population.

The results presented here are from the
initial examination of the volunteers in the
years 1982-5. It therefore represents a cross-
sectional observation from a longitudinal
study.

Methods

The volunteer population was drawn from a
representative range of social and occupa-
tional backgrounds in and around London.
Several large London corporations were can-
vassed to recruit the volunteers from staff who
were in the suitable age range. This was
mostly from pre-retirement groups. The aim
of the studyiis to follow the volunteers through
a nine year period with regular examinations
at three yearly intervals.
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One thousand and twenty nine volunteers
completed a detailed questionnaire including
medical, alcohol, tobacco, occupational,
travel and family history. They were charac-
terised by age, sex, social class/occupation,
eye colour and ethnic background. In turn the
patients were seen by a physician, an
optometrist, a field technician, an ophthal-
mologist and a photographer. All participants
were examined in the same eye department,
at St Bartholomew’s Hospital.

The physician checked each of the ques-
tionnaires together with the volunteers and
measured the sitting blood pressure. Blood
pressure measurement was taken on the right
arm with a digital sphygmomanometer. Blood
was taken for fasting blood sugar, tri-
glycerides and cholesterol.

The optometrist measured visual acuities at
six metres with a Snellen test type, first with
the present spectacle correction worn (if any)
and then after refraction to obtain the best
recorded acuity. Best near vision was also
recorded using Faculty-approved test types. If
NS for near vision was not obtained with the
suitable plus addition, the magnification level
required was then assessed.

With the equivalent of the patient’s near
correction the visual fields for each eye were
assessed with the Friedmann Analyser (Mark
IT). Three thresholds (at 3, 12 and 20 degrees)
for each eye were obtained first and the light
intensity increased to 0.4 above the lowest
threshold e.g. for a threshold of 2.0 the fields
were analysed at a light intensity of 1.6.

Routine ophthalmic examination included
examination of the anterior segment,
applanation tonometry and gonioscopic
examination whenever intraocular pressure
was found to be raised above 22 mmHg. All
volunteers were examined between 9.30 am
and 12 midday and the pupils routinely dilated
with Guttae Tropicamide 1% (Guttae
Mydriacyl 1%). For black patients and those
with diabetes mellitus, Guttae Phenylephrine
10% BPC was used in addition.

Examination of the crystalline lens was
carried out using a combination of the slit
lamp (direct and retro-illumination) and
indirect ophthalmoscopy. Lens opacities were
graded as nuclear, cortical or posterior sub-
capsular and, if present, into mild, moderate
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or severe as to the degree of opacity. The
cortical opacities were further broken down
into segmented eighths.!

Fundus examination was performed with
the indirect ophthalmoscope and a 20D lens.
Optic disc colour and cupping in both a verti-
cal and a horizontal meridian were assessed,
and if either axis of the cup/disc ratio was
thought to be greater than 0.5, the disc was
also checked with a direct ophthalmoscope.
The macula, retinal vessels and peripheral ret-
ina were examined as well and the macular
appearance re-checked later by examining the
posterior pole photographs. In all cases of
visible drusen (50 to 200 microns size or
larger), a Hruby non-contact fundal lens was
used. In all of these cases smaller drusen (50
microns or less) were also found to be present.
The drusen size was estimated by comparison
with the width of a second-order retinal
arteriole.

At this stage the ophthalmic part of the
questionnaire was checked and the patient
informed of any medical or eye problem
serious or irritating enough to warrant refer-
ral. This was done via a letter to the volun-
teer’s general practitioner, followed by a
referral to an eye department of his choice.

The final procedure involved fundus photo-
graphy of the posterior pole including both
discs and the maculae with a fundal camera.

On the basis of alcohol intake, the volun-
teers were placed in four categories:

Those who claimed never to have drunk

alcohol or only very occasionally

Light drinkers (1-2 measures per day)

Moderate drinkers (3-8 measures per day)

Heavy drinkers (over 8 measures per day)

The subjects were similarly placed into
seven categories according to the history of
smoking cigarettes.

Daily cigarette

Smoking history code  Description consumption
Non-smoker 0
Past smoker 1 Light 1-14

2 Moderate 15-24

3 Heavy 25 and over
Present smoker 4 Light 1-14

5 Moderate 15-24

6 Heavy 25 and over

In all of our analyses smokers were classi-
fied as cigarette smokers or non-smokers.
This classification did not take into account
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pipe smokers, cigar smokers or tobacco
chewers, in whom the numbers within each
group were not sufficiently large to warrant
further investigation. For the present analysis
these were treated as non-smokers.

The association between lens opacities and
possible risk factors were evaluated using
SPSSPC+.. Multi-variate analysis (hierarchi-
cal log-linear analysis on SPSSPC+) was
carried out to reveal any underlying con-
founding variables.

Results

Characteristics of Study Population

A total of 1029 volunteers were examined.
There were more volunteers recruited in the
age groups 54-59 years (72%) than 60-65
years (28%) reflecting an early age of retire-
ment amongst several firms. A few others who
were outside this age range were excluded
from the present analysis, which was carried
outon 1012 sets of data. Seventeen cases were
excluded from the anlysis due to their having
incomplete data sets with regards to the
factors under consideration.

Fifty-seven per cent were males and 43%
females. There were few volunteers from eth-
nic minority groups: the present analysis was
therefore performed on all subjects, including
those people of Asian, African or West Indian
origin.

Ten volunteers had a fasting blood sugar of
more than 5.8 mmols per litre. The distri-
bution of fasting blood sugar, serum cho-
lesterol and triglycerides shows the cohort to

Table I Lens opacities by age

Age Age
Type of opacity 54-59 60-65
None 457 238
Y% 73.5 65.9
Nuclear 52 42
Y% 8.4 11.6
Cortical 61 50
% 9.8 13.9
Posterior sub-capsular 14 6
Y% 22 1.7
More than one type 38 25
Y% 6.1 6.9
Totals 622 361

Data was missing from 29 cases.
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be normally distributed for these parameters
when compared with the UK population.
Seven per cent of the cohort had a resting
diastolic blood pressure greater than 95 mm of
mercury. This is in accordance with other
population studies.>

Prevalence and Association of Cataracts

The distribution of different types of lens
opacities is given in Table I. The prevalence of
all types of lens opacities rose from 26.5% in
the age group 54-59 years to 34.1% at 60-65
years. In 75% of cases lens opacities were
bilateral and in approximately 6.6% of people
the lens opacities were of more than one mor-
phological type.

There was a statistical association between
cigarette smoking and nuclear opacities. This
was present for moderate present smokers
(15-24 cigarettes per day) and both present
and past heavy smokers (25+ cigarettes each
day). The relative risks of a nuclear opacity in
smokers is presented in Tables II and III, in
comparison with those who have never
smoked. The Relative Risks are approxi-
mately 2.5 for present light smokers, 2.7 for
present moderate, or past heavy, smokers, 3.0
for present heavy smokers, all compared with
non-smokers. These figures, together with
their 95% confidence limits are illustrated in
Fig. 1. Multivariate analysis revealed no con-
founding variables for this association. The
findings are not explained by a high use
amongst heavy smokers of steroids or beta-
adrenergic blocking drugs and they do not
mask exposure to tropical sun, alcohol con-
sumption, or biochemical abnormalities.

There were no positive or negative associ-
ations of any type of lens opacities with alco-
hol intake, fasting triglycerides, cholesterol
level or glucose levels, nor with social class or
occupation. Only 12 volunteers regularly use
systemic steroid therapy and three (25%) had
a nuclear opacity. Beta-adrenergic blocking
agents, were used by 78 people and nine of
these (11.4%) had a nuclear opacity. There
was no association with cataract among the 54
volunteers using tranquillisers or the 44 using
diuretics.

The problems of intra-observer bias has
been addressed by the re-examination of 48
volunteers by the study’s ophthalmologist.
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Table II  Nuclear opacities and cigarette consumption: relative risk of nuclear opacity in at least one eye

RELATIVE RISK CALCULATIONS
Nuclear opacities compared with other lens conditions in the non-smoker and present heavy, moderate and light
smokers respectively

Heavy smokers

Moderate smokers Light smokers

Non-
smokers  Smokers Total Smokers Total ~ Smokers Total
Nuclear opacity 29 8 37 24 53 34 63
No nuclear opacities 305 24 329 80 385 120 425
Totals 334 32 366 104 438 154 488
Opacities % 8.68 25 10.11 23.08 12.1 22.08 12.91
Prevalence ratio (95% confidence
limits) 2.88 2.66 2.54
1.4-5.85 1.63-4.33 1.63-3.97

The volunteers were selected at random from
those seen within the last three months. They
were re-examined by the study’s ophthal-
mologist, without access to the previous find-
ings. The data was then tested using the
Kappa statistic. A value of 0.71 was obtained
with an 80% agreement.

Discussion
Extensive animal studies in vivo and studies of
both animal and human lenses in vitro, have
suggested a number of possible pathways by
which lens’ crystallins lose their trans-
parency.’ Only for cataracts in young dia-
betics, and possibly photochemically-
induced cataracts,” have these biochemical
mechanisms satisfied epidemiological and
clinical observations of cataract occurrence.
Several recent studies have provided esti-
mates for the prevalence of cataracts among

late middle aged and elderly populations of
Western societies, and the disabilities result-
ing from them. In the Framingham Eye Study®
almost 5% of volunteers aged 52-64 years had
a sight diminishing cataract (6/9 or less) in at
least one eye. Cullinan’ found that untreated
cataracts were the commonest ascribed cause
of visual disability in England and Wales while
Gibson et al.8 have found a population preva-
lence of 30% among a cohort aged 76-84
years. The great majority of sufferers are not
known to have been exposed to those factors
associated with a minority of cataracts (radia-
tion, galactosaemia, classical diabetic cataract
etc).? Other studies have added considerably
to the list of possible risk factors.!*!! These
have included the use of certain drugs (diure-
tics,'® phenothiazines,'? steroids'®) and higher
than expected levels of serum creatinine and
urea.!

Table III  Nuclear opacities and cigarette consumption: relative risk of nuclear opacity in at least one eye

RELATIVE RISK CALCULATIONS
Nuclear opacities compared with other lens conditions in the non-smoker and past heavy, moderate and light
smokers respectively

Heavy smokers Moderate smokers Light smokers

Non-
smokers Smokers Total ~ Smokers Total ~ Smokers Total
Nuclear opacity 29 11 40 13 42 16 45
No nuclear opacities 305 37 342 97 402 171 476
Totals 334 48 382 110 444 187 521
Opacities % 8.68 22.92 10.47 11.82 9.46 8.56 8.64
Prevalence ratio (95% confidence
limits) 2.64 1.36 0.99
1.44.97 0.73-2.53 0.55-1.77
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95 % Limits and Relative Risk Values
For Past and Present Smokers

7 Relative Risk

o ‘ . 1 i L 1 J
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Smoking History

M

I 95 % Limits t Relative Risk

A Value of 1is the Non Smoker’'s Relative Risk

Fig. 1. The x axis refers to smoking history: 1 repre-
sents past light smokers, 2 represents past moderate
smokers, 3 represents past heavy smokers, 4 represents
present light smokers, 5 represents present moderate
smokers and 6 represents present heavy smokers.

Our results confirm a previously noted
association between cataracts and cigarette
smoking, which were first reported in a case
control study of patients presenting to hos-
pital for cataract extraction.!’

In this study the association between early
lens opacities and cigarette consumption has
internal strength in that there is a stepwise
increase in risk for moderate and heavy ciga-
rette smokers and that the Relative Risks for
both age cohorts are similar. The fact that a
past exposure to high levels of cigarette smok-
ing also leads to a more than twofold increase
in the risk of having an early lens opacity in
middle age also lends weight to a causative
relationship.

Other risk factors identified in recent case
control studies have included diabetes,
steroid administration,' high alcohol con-
sumption,'’ uraemia,'’ and in India a severe
cholera-like  diarrhoeal  disease  and
heatstroke.!

These associations were found in identified
people with well-developed cataract who
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were presenting for surgery, compared with
controls with no sight reducing lens opacities.
It is possible that similar associations will
show up with the City Eye Study as the volun-
teers are followed for a longer period. The
numbers of people taking systemic steroids
who developed lens opacities were too small
for meaningful analysis. The distribution of
physiological measurements in our results
make us confident that although the method
of recruiting our population cannot be
described as ‘random sampling’, in any form,
it does mean that we have a population which
is not strongly biased when compared to the
populations of other studies.

In the analysis of confounding variables the
SPSS Hierarchical Log-Linear analysis pack-
age was used. This allowed us to investigate a
number of aspects of possible variable inter-
action. We found that our results could be
accounted for by the presence of one main risk
factor. Thé presence of other possible con-
founding factors such as alcohol, weight and
drugs made no appreciable improvement to
the fit of the model.

Most of the volunteers in this study were
white caucasian. There is clearly a need for
more information on the prevalence of catar-
act and other blinding conditions in the immi-
grant non-caucasian populations in Britain.
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paper.
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