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Abstract
Aims-A detailed assessment of oph-
thalmic effects ofan HMG CoA reductase
inhibitor, simvastatin, was performed.
Methods-Six hundred and twenty one

individuals considered to be at increased
risk of coronary heart disease were ran-

domised, following an 8 week placebo 'run
in' period, to receive 40 mg daily simvas-
tatin, 20 mg daily simvastatin, or match-
ing placebo. Patients with a baseline
corrected visual acuity better than 6/24
and without a history of cataract were

eligible for detailed ophthalmic assess-

ment at 6 months (539 patients assessed)
and at 18 months (474 patients assessed).
Results-No significant differences
between the treatment groups were

detected at the 6 month or 18 month visit
in the refractive condition of the eye or in
the mean intraocular pressure. Nor were

there clear differences in the Oxford
grading system scores for various
measures of the major types of cataract
(cortical spokes, posterior subcapsular
cataract, nuclear brunescence, white
scatter) or for other morphological
features visible within the lens (fibre folds
or focal dots). Scheimpflug slit image
photographs and retroillumination analy-
sis of the percentage of cataract within a

defined region of the lens were also per-
formed at each visit, with no clear differ-
ences observed between the treatment
groups.
Conclusion-This single centre double
blind study found no good evidence ofany
adverse effects of 18 months of simvas-
tatin treatment on lens opacity formation,
using a variety of validated techniques to
assess cataract development. Routine
clinic foliow up of visual symptoms and
admission to hospital for ophthalmic pro-
cedures over 5 years oftreatment was also
reassuring, with no excess adverse out-
comes observed with simvastatin.
(BrJr Ophthalmol 1995; 79: 996-1002)

Inhibitors of 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG CoA) reductase, the rate
limiting enzyme in the synthesis of cholesterol,
are now widely used to lower elevated blood
cholesterol levels.' Previously triparanol,
which blocks a late stage of cholesterol syn-
thesis (that of desmosterol to cholesterol), was

found to cause cataracts as the result of the

accumulation of desmosterol in the lens.24
Because of this triparanol was withdrawn from
use as a cholesterol lowering agent in 1962.
The HMG CoA reductase inhibitors act at an
early stage of cholesterol synthesis (inhibiting
conversion ofHMG CoA to mevalonate5) and
so would not be expected to produce cataracts
in this way. 1

Concern about the potential of the HMG
CoA reductase inhibitors to affect the lens
was stimulated by a report of lens opaci-
fication in dogs given large doses of these
agents.67 The lens is an avascular structure
which receives its nutrition from the aqueous
humour in which it is suspended. Only small
amounts of cholesterol are found in the
aqueous humour, with the majority of the
cholesterol demands of the lens met by
endogenous synthesis.8 The HMG CoA
reductase inhibitors might, therefore, have
adverse effects on the lens (including causing
cataracts) by blocking cholesterol synthesis in
the lens. But, although a strong relation was
found between plasma levels of drug and lens
changes in the study on dogs which generated
these concerns, there was no significant rela-
tion between cataract formation and the
amount of drug in the lens or in the aqueous
humour.7
Most previous studies in humans that have

reported on the effects of HMG CoA
reductase inhibitors on the lens have been of
limited value owing to the absence of a
randomly allocated concurrent placebo (or
untreated) control group, the small numbers
of patients involved, the short durations of
treatment (often in crossover studies) and/or
the deficiencies of the ophthalmic assessments
conducted.9-'5 Only one large multicentre
randomised placebo controlled study has
assessed the effects of HMG CoA reductase
inhibitor therapy with a standardised and
validated system of ophthalmic assess-
ment.16 17 In that study, no evidence was
found for an effect of lovastatin on the human
lens after 48 weeks of treatment. The Oxford
Cholesterol Study is a randomised placebo
controlled trial among 621 patients designed
primarily to assess the prolonged effects of
simvastatin on blood lipids and on measures
of safety and tolerability.'8 This single centre
study provided an opportunity for detailed
ophthalmic assessment of any effects of
simvastatin, both by clinical examination and
by objective image analysis of lens photo-
graphs using a standardised and validated
system.
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Methods

ELIGIBILITY AND RANDOMISED TREATMENT
COMPARISONS
A detailed description of the design and 3 year
follow up results of the Oxford Cholesterol
Study is reported elsewhere.'8 The central
Oxford research ethics committee approved
the study protocol. Men and women aged
between 40 and 75 years with total blood
cholesterol of 3-5 mmol/l or greater were
eligible if they were considered to be at higher
than average risk of coronary heart disease
(because of a history of myocardial infarction,
angina pectoris, transient ischaemic attack,
peripheral vascular disease, treated diabetes, or
treated hypertension) provided there was no
particular reason for exclusion.'8 After an
initial screening clinic visit and an 8 week
single blind placebo run in period, eligible and
compliant patients who agreed to participate
were evenly randomised to take 40 mg daily
simvastatin, 20 mg daily simvastatin, or match-
ing placebo, with treatment to be taken each
evening. After this randomisation visit (at week
0), all patients were to be seen at 8 weeks, then
at 12 weekly intervals for about 1 year (that is,
weeks 20, 32, 44, 56), and then at 24 weekly
intervals (with half also seen at 68 weeks).

ROUTINE DATA COLLECTION
At the initial screening visit, patients com-
pleted a detailed questionnaire about past
medical and treatment history (including
cataracts or cataract surgery) and about certain
aspects of lifestyle. Seated blood pressure was
recorded and a non-fasting blood sample was
taken for laboratory analysis. Visual acuity
was checked by the study doctor or nurse, and
patients with a corrected visual acuity of 6/24
or worse, or with a history of cataract reported
by the patient, were to be excluded from the
ophthalmic follow up study. (If there was
doubt then an appointment was made for the
patient to be seen by the study ophthalmologist
during the placebo run in period.) At each
follow up visit patients were asked directly
whether any one of a prespecified list of 20 par-
ticular symptoms (including headaches) had
occurred since the previous visit, and any other
symptoms volunteered (for example, visual
deterioration) by the patient were also
recorded. Compliance with study treatment
(defined as >90% of scheduled treatment
taken) was checked by questioning and by
reviewing the number of tablets remaining.
All hospital admissions (including those for
cataract surgery or other ophthalmic prob-
lems), possible adverse drug reactions, and
reasons for stopping study treatment were
recorded. Additionally, at annual visits, details
of concurrent medication were recorded. Non-
fasting blood samples were taken for labora-
tory analysis from all patients at each follow up
visit. Patients were encouraged to attend their
scheduled follow up visits even if they had
stopped study treatment. Those who declined
further clinic follow up had their study treat-
ment stopped (and no further blood samples

taken), but were still to be followed at the
scheduled time by telephone or, if they pre-
ferred, via their family doctor.

OPHTHALMIC ASSESSMENTS AT 6 MONTHS AND
AT 18 MONTHS
For those eligible for the ophthalmic study, a
full eye examination was to be carried out 6
months after randomisation at the Clinical
Cataract Research Unit, Nuffield Laboratory of
Ophthalmology, Oxford. A history of oph-
thalmic disease was sought and recorded on a
standard ophthalmic report form. Any refrac-
tive correction worn was measured by the use
of a focimeter, and the refraction checked sub-
jectively. The sphere was checked by use of
+0-25 and -0-25 D lenses, and the cylinder by
a 0 50 D cross cylinder. The best corrected
visual acuity was then recorded for each eye
separately, using different Ferris logmar acuity
charts,'9 with standard instructions given to the
subjects on the reading of the chart: a forced
choice procedure was used, with each letter
given a score of 0-02 and letters not correctly
identified crossed off on the report form.
The pupils were dilated with one drop of

tropicamide 1% and phenylephrine 10% into
each eye, repeated after 5 minutes. Twenty
minutes later, clinical classification and
grading of the lenses were performed using an
Haag-Streit slit-lamp (as described in detail
elsewhere20: see below) and recorded on the
report form. The lenses were then photo-
graphed using video slit-image and retro-
illumination cameras (Case 2000 supplied by
Marcher Enterprises, Hereford2l), with one
image of each lens from both cameras stored
on optical disk for later image analysis (see
below). Funduscopy and resolution target
ophthalmoscopy, using the Keeler Acuity-
scope, were performed, and intraocular
pressure was measured using Goldmann
applanation tonometry.
At the 6 month eye examination, patients

were to be excluded from the ophthalmic study
if they gave a history of having had surgery or
laser treatment to the eye for anterior segment
or retinal pathologies (including ocular injury).
If the 6 month examination revealed one or
more of the following in one eye then that eye
was to be excluded from the study (and, if in
both eyes, the patient was to be excluded): best
corrected visual acuity 6/24 or worse; inade-
quate corneal clarity (including dry eye);
ametropia greater than +6 or -6 dioptres;
diabetic maculopathy, and preproliferative or
proliferative disease; uveitis; glaucoma or other
significant eye disease or degeneration. The
presence of previously undiagnosed cataract
was not an exclusion criterion. For those
eligible for the 18 month examination, all tests
were to be repeated without knowledge of the
results of the 6 month examination.

USE OF THE OXGRAD SYSTEM IN MONITORING
THE LENS
In brief, the clinical cataract classification and
grading system developed in Oxford (known as
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OXGRAD) involves grading morpho-
logical features by comparison with standard
diagrams.20 The features include: anterior
clear zone thickness, for which grade 3 repre-
sents normal, s-2 reduced, and :a4 increased
thickness; anterior and posterior subcapsular
opacity, cortical spokes, water clefts, fibre
folds, vacuoles, retrodots, and focal dots, for
all of which grade 0 represents normality or
absence of the features, and grades 1 to 5
increasing degree of severity; and the nuclear
features brunescence and white nuclear scatter
(which commonly occur together, making
individual assessment complex), with no
yellow coloration detectable giving a grade 0
for brunescence and with nuclear white scatter
measured as % reflectance (r) and grade 1
including normality and up to 20% r. Clinical
cataract was considered present20 if one or
more of the following was found: anterior
subcapsular cataract score >1, a posterior sub-
capsular score > 1, cortical spokes a 1, brunes-
cence >'2, or white scatter >3.

IMAGE ANALYSIS USING CASE-2000
Image analysis was performed using special
software on an IBM compatible PC equipped
with a framestore (cASE-2000, Marcher
Enterprises, Hereford). All photographs were
analysed by the same observer (MH) using the
following methods (described in detail else-
where22 23).

Scheimpflug slit-image photographs
Slit-image photographs were analysed in con-
secutive date order, without reference to any
previous analysis for that patient. The analysis
routine prepares a density trace from a small
(10 pixel) central strip of the image.
Measurements were then made of: lens thick-
ness (mm); anterior cortical thickness (mm);
lens nucleus thickness (mm); posterior
cortical thickness (mm); central nuclear dip

_ Clear lens histogram
Cataract area

IDar
Dark

Cut off point
Lens transmittance ratio

Figure 1 Representation of the histogram technique used to calculate the cataract i
and weighted integral. The plot ofpixel count against lens transmittance ratio is sho
both a subject with a clear lens (broken line) and one with cataract (solid line). Th7
beyond a cut offpoint, fixedfor the study to define cataract,23 represents the cataram
(% cataract within the region of interest). To calculate the weighted integral, darke
are valued more highly, the weightingfactor being the distance from the cut offpoin

e area
ct index
r pixels
it.

(standardised density units: SDU); plani-
metric measures of the area 1 mm anterior
to and posterior to the central nuclear dip
(anterior nuclear area and posterior nuclear
area); and the main scattering peaks of the
trace from the anterior and posterior cortices
(anterior Cl, anterior C3, posterior Cl and
posterior C3: SDU).

Retroillumination analysis
The percentage of cataract within the defined
region of interest was measured in order to
produce a cataract index. To give a measure of
the density ofthe opacities present, a 'weighted
integral' was used, with the weighting factor
used being the distance from the cataract cut
offpoint to the point being summed (Fig 1).24
The computer software compensates for vari-
ability in retroillumination characteristics.

STATISTICAL ANALYSIS
Comparisons were to be made of the effects of
(i) both simvastatin doses combined versus
placebo, and (ii) 40 mg daily simvastatin
versus 20 mg simvastatin versus placebo, both
at the 6 month and at the 18 month assessment
separately and on the change between the 6
and 18 month assessments. The analysis was
based on the results for the eye with the best
visual acuity at the 6 month assessment or, if
equal, by the toss of a coin (239 right eyes and
235 left eyes were used). Reductions are given
as means (SE) and absolute values as means
(SD). For categorical variables x2 tests of
heterogeneity were used for comparisons
between any simvastatin versus placebo, and
tests oftrend were used for comparisons across
all three groups. The method used the permu-
tational argument suitable for non-parametric
data.25 The distribution of the differences for
cataract scores and their weighted integrals
were normalised by logarithmic transformation
and geometric values compared. For con-
tinuous variables, one way analysis of variance
(ANOVA) was used for the treatment com-
parisons.

Results

PATIENT CHARACTERISTICS
Between January 1989 and May 1990, 621

Table 1 Patient numbers for ophthalmic study

Randomised patients: 621
Deemed ineligible before randomisation 20

Eligible randomised patients: 601
Died before 6 months 5
Refused first eye study 13
Stopped attending clinics 11Other/not known 3

Attended 6 month visit: 569
Light Excluded by ophthalmologist 30*

6 Month eye assessment conducted: 539
Died before 18 months 14
Refused second eye study 36
Stopped attending clinics 12index Other/not known 3

mwn for Attended 18 month visit (and all had eye assessment) 474

*None for poor visual acuity (excluded previously), 4 for poor
corneal clarity, 11 for ametropia, 2 for uveitis, 6 for glaucoma,
and 7 for some other significant eye disease.

Cl)

x
._L
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patients were randomised into the study
(206 to 40 mg daily simvastatin versus 208 to
20 mg daily simvastatin versus 207 to placebo
control), of whom 601 (201 versus 200
versus 200) had been deemed eligible for the
ophthalmic study before randomisation. The
6 month eye assessment was conducted in
539 patients (90% of those initially con-
sidered eligible: 181 versus 180 versus 178),
after exclusion by the ophthalmologist at this
visit of 30 ineligible patients (10 versus 9
versus 11: see Methods), and the 18 month
assessment was conducted in 474 patients
(79/o: 159 versus 162 versus 153). The
numbers of patients in each treatment group
were similar to each other at the 6 month and
the 18 month eye assessments. The reasons
for exclusion from the eye assessments are
given in Table 1.

Baseline characteristics of the patients who
had the 6 month and the 18 month eye assess-
ments were very similar to those of the 621
originally randomised,18 and were well bal-
anced between the treatment groups. The
average age at screening of the 601 initially
eligible patients was 63 years. The mean time
(SD) from randomisation to the 6 month eye
assessment was 172 (38) days and from

randomisation to the 18 month assessment was
543 (72) days, with no significant differences
in follow up time between the treatment
groups. Ninety three per cent of patients
undergoing the 6 month eye assessment were
compliant with their allocated study treatment
(defined as taking >90% of scheduled treat-
ment), as were 92% ofthose undergoing the 18
month assessment. Compliance was similar in
the different treatment groups, and slightly
better than that observed at about the same
follow up points in the study as a whole (89%
at 6 months and 87% at 18 months, respec-
tively). Baseline non-fasting cholesterol levels
were 7T03 (1-17) mmol/l among those allo-
cated 40 mg daily simvastatin, 7-11 (1 30)
mmol/l among those allocated 20 mg daily
simvastatin, and 7T02 (1d19) mmol/l among
those allocated placebo. These values and the
subsequent lipid changes were similar to those
in the whole study,18 with total cholesterol
reduced at about the time of the 6 month eye
assessment by 2-01 (SE 0-09) mmol/l (28%
(1%) proportional reduction) in the 40 mg
daily simvastatin group and by 1-78 (0-08)
mmol/ (24% (1%) proportional reduction) in
the 20 mg daily simvastatin group, compared
with placebo. By about the time of the 18

Table 2 Distribution of clinical assessment scores at 6 months and at 18 months, and changes in distribution between these assessments, by allocated
treatmentfor 474 patients with both assessments

x1 Values

Simvastatin 40 mg daily Simvastatin 20 mg daily Pllacebo control Any simvastatin Trend with
Measure (159) (162) (153) versus placebo simvastatin dose

Anterior clear zone thickness <3 3 a4 <3 3 a4 <3 3 a4
6 Months 57 61 40 58 63 41 49 73 31 0 04 0.00
18 Months 47 59 52 48 80 34 33 72 48 4-63* 2-15
Change -10 -2 12 -10 17 -7 -16 - 1 17 3-41 2-06

Anterior subcapsular cataract 0 1 2 0 1 2 0 1 2
6 Months 155 3 0 159 3 0 152 1 0 1-06 0-82
18 Months 158 0 0 160 2 0 152 0 1 0-38 1-06
Change 3 -3 0 1 - 1 0 0 - 1 1 1-36 1-84

Posterior subcapsular cataract 0 1 a2 0 1 2 0 1 2
6 Months 152 5 1 150 11 1 145 7 1 0-02 0-24
18 Months 155 1 2 151 10 1 147 4 2 0 00 0-48
Change 3 -4 1 1 -1 0 2 -3 1 0-02 0-06

Cortical spokes 0 1 2 0 1 2 0 1 :2
6 Months 127 30 1 132 25 5 114 34 5 3-15 2-74
18 Months 126 30 2 127 33 2 113 33 7 3-22 2-79
Change -1 0 1 -5 8 -3 - 1 - 1 2 0-00 0-00

Water clefts 0 1 a2 0 1 22 0 1 2
6 Months 136 21 1 138 20 2 124 25 4 2-78 2-21
18 Months 132 25 1 135 21 4 116 34 3 3-83 3-21
Change -4 4 0 -3 1 2 -8 9 -1 0-34 0-35

Fibre folds 0 1 :2 0 1 2 0 1 2
6 Months 145 11 2 149 6 5 126 19 7 6-74** 4-96*
18 Months 146 7 5 147 6 7 127 14 11 6-75** 5-47*
Change 1 -4 3 -2 0 2 1 -5 4 0-07 0-18

Vacuoles 0 1 2 0 1 2 0 1 a2
6 Months 90 63 5 85 62 14 84 60 9 0 00 0-50
18 Months 85 62 11 74 68 19 83 56 14 0-65 0.01
Change -5 -1 6 -11 6 5 -1 -4 5 0 55 0-28

Retrodots 0 1 2 0 1 a2 0 1 2
6 Months 126 20 9 120 30 9 136 7 9 2-35 0-85
18 Months 132 13 10 131 19 9 134 11 7 0-91 0-54
Change 6 -7 1 11 -11 0 -2 4 -2 0-92 0-12

Focal dots 0 1 2 0 1 2 0 1 >2
6 Months 34 73 51 40 65 56 51 67 35 6-10* 5-52*
18 Months 44 66 48 34 73 54 45 71 37 2-74 1-18
Change 10 -7 -3 -6 8 -2 -6 4 2 1-00 2-20

Nuclear brunescence <2 2 a3 <2 2 23 <2 2 23
6 Months 100 54 4 111 49 1 100 50 3 0-00 0-25
18 Months 105 50 3 119 40 2 109 41 3 0-06 0-13
Change 5 -4 -1 8 -9 1 9 -9 0 0-07 0-03

Nuclear white scatter 1 2 23 1 2 a3 1 2 a3
6 Months 62 85 10 57 90 14 54 84 15 0-66 1-14
18 Months 67 83 7 85 71 5 77 69 7 0-13 1-56
Change 5 -2 -3 28 -19 -9 23 -15 -8 1-19 4-49*

Clinical cataractt
6 Months 80 (51%) 75 (46%) 83 (54%/o)
18 Months 72 (46%) 71 (440/o) 75 (49%)

Results shown are for patients with data for both ophthalmic assessments, and are expressed as score frequencies, except for clinical cataract which is expressed as a
percentage frequency.*p<0.05; **p<0 O1. tDefined as present when one or more of the following was found: anterior subcapsular cataract score > 1, posterior subcapsular cataract
score > 1, cortical spokes > 1, brunescence >2 or white scatter :3.
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month assessment, total cholesterol had been
reduced by 2-06 (0 09) mmoVl (29% (1%))
and 1 91 (0 08) mmol/ (27% (1%)) respec-
tively. Most of the reduction in total choles-
terol with simvastatin was due to a reduction in
low density lipoprotein cholesterol, with a
small increase in high density lipoprotein
cholesterol; there was also a substantial fall in
triglyceride levels.

OXGRAD LENS GRADING
No significant differences between the treat-
ment groups were detected at the 6 month or
18 month visit in the refractive condition of
the eyes (as judged by the spherical equiva-
lent [056 (117), 0-67 (1-6) and 0-73 (1-77)
dioptres in the 40 mg, 20 mg simvastatin, and
placebo groups respectively at the 18 month
visit]) or in the mean intraocular pressure
(14-5 (3 6), 14-8 (3 6), and 15-5 (3-7) mm Hg
in the 40 mg, 20 mg simvastatin, and placebo
groups respectively at the 18 month visit).
Table 2 shows the results of the clinical lens

grading at the 6 month and 18 month assess-
ments, and the changes between these assess-
ments. At the first 6 month assessment, the
measures of the major types of cataract (corti-
cal spokes, posterior subcapsular cataract,
nuclear brunescence, and white scatter)
showed no significant differences between
groups. The OXGRAD system also looks at
several other morphological features visible
within the human lens: of these, at 6 months,
fibre folds appeared to be less common and
focal dots more common in the patients allo-
cated simvastatin, while at 18 months fibre
folds were less common and anterior clear zone
thickness less among those allocated simvas-
tatin (and for fibre folds there were significant
trends with dose at both 6 and 18 months). No
apparent differences were observed between
the treatment groups in the extent of change
between the 6 month and 18 month assess-
ments, except for a marginally significant
(unadjusted for multiple comparisons) trend
towards a smaller reduction in the nuclear
white scatter scores with the higher dose of

Table 3 Image analysis measurements at 6 months and at 18 months, and changes between these assessments, by
allocated treatmentfor 461 patients with both assessments

Simvastatin Simvastatin F valuefrom
40 mg daily 20 mg daily Placebo control ANOVA ofchange

Measure (155) (154) (152) by treatmentgroup

(i) Scheimpflug slit-lamp:
Less thickness (mm)

6 Months
18 Months
Change

Anterior cortical thickness (mm)
6 Months
18 Months
Change

Nuclear thickness (mm)
6 Months
18 Months
Change

Posterior cortical thickness (mm)
6 Months
18 Months
Change

Central nuclear dip (SDU)
6 Months
18 Months
Change

Anterior nuclear area (mm')
6 Months
18 Months
Change

Posterior nuclear area (mm')
6 Months
18 Months
Change

Anterior cortical Cl peak (SDU)
6 Months
18 Months
Change

Anterior cortical C3 peak (SDU)
6 Months
18 Months
Change

Posterior cortical C3 peak (SDU)
6 Months
18 Months
Change

Posterior cortical Cl peak (SDU)
6 Months
18 Months
Change

(ii) Retroillumination analysis:
Cataract index

6 Months
18 Months
% Change

Weighted integral
6 Months
18 Months
% Change

5-17 (0 45)
5-22 (0 47)
0 05 (0 08)

1-23 (0-21)
1-23 (0-21)
0 00 (0 05)

2-99 (0-19)
3-02 (0 20)
0-03 (0 07)

1-01 (0 20)
1-01 (0-21)
0 00 (0 05)

14-86 (2-41)
14-99 (2 29)
0-13 (1-08)

471-35 (76 66)
476-58 (70-12)

5-23 (29 87)

493-32 (72 00)
499-44 (63 38)

6-12 (34 88)

15-72 (1-33)
15-68 (1-28)
-0-04 (1-04)

21-12 (3.72)
21-41 (3 89)
0-29 (2.33)

17-81 (3 05)
17-96 (3 26)
0-15 (2 50)

12-80 (1-85)
12-84 (0-96)
0-03 (1-97)

0 45 (0 33-0 60)
1-15 (0-89-1 50)

255 (196-330)

20-3 (13-0-31-6)
67-0 (46 3-96 9)
330 (225-482)

5 09 (0 42)
5-13 (0 44)
0 04 (0.09)

1-20 (0-21)
1-20 (0-21)
0-01 (0 06)

2-97 (0 23)
3 00 (0 22)
0 03 (0 08)

0 99 (0-18)
0 99 (0-18)
0-00 (0 07)

14-63 (2 25)
14-98 (2-15)
0-34 (1-39)

464-42 (61-80)
475-29 (60-01)
10-87 (40 03)

487-29 (67 44)
496-54 (65 27)

9-24 (40-81)

15-56 (1-56)
15-84 (1-89)
0-29 (1-55)

20-98 (3.82)
21-09 (3 54)
0-11 (2-81)

17-55 (2-95)
17-73 (3.22)
0-18 (2-31)

12-89 (2-11)
13-37 (2 80)
0-48 (1-76)

0-46 (0 35-0 60)
1-11 (0-87-1-42)

240 (187-307)

26-3 (17-7-39-3)
72-5 (50-8-103-4)
275 (194-390)

5-19 (0-39)
5-22 (0 40)
0-03 (0-10)

1-23 (0-18)
1-23 (0-19)
0-01 (0-06)

3-01 (0 22)
3 03 (0 22)
0-02 (0 09)

1-03 (0-18)
1-01 (0-18)

-0-02 (0 07)

14-99 (2 30)
15-32 (2 43)
0 33 (1-19)

477-13 (68-46)
487-80 (70 99)
10-67 (34-01)

497 07 (66 98)
504 53 (70 57)

7-46 (38 48)

15-82 (2.05)
15-70 (1-39)
-0-13 (1-66)

21-49 (4 66)
21-63 (4-18)
0-13 (3 08)

17-74 (3 08)
17-66 (2 72)
-0-07 (2 39)

12-63 (1-82)
12-89 (1-33)
0-26 (1-86)

053 (039-073)
1-04 (0-78-1-38)

192 (153-241)

31-9 (20-0-51-0)
67-1 (44-2-102-0)
210 (148-299)

0-60

0-22

0-98

1-40

1-46

1-29

0-26

3-46*

0-18

0*50

1-55

1-37

1-48

Results shown are for patients with data for both ophthalmic assessments. Scheimpflug results are expressed as mean score (SD),
and retroillumination results are expressed as geometric means and percentage change (with 95% confidence intervals).
SDU=standardised density units. *p=0.03 unadjusted for multiple comparisons.
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Absence of effect ofsimvastatin on the progression of lens opacities in a randomised placebo controUed study

simvastatin. There were no differences in the
prevalence of clinical cataract (see Table 2
footnote and Methods for definition) between
the treatment groups, with an apparent slight
reduction in the numbers of cataracts over
time, largely as a result of apparent changes in
the nuclear features.

IMAGE ANALYSIS
Table 3 shows the image analysis measure-
ments at the 6 month and 18 month assess-
ments and the changes between these
assessments. No significant differences
between the treatment groups were seen at
either the 6 month or 18 month assessment.
The mean changes during the subsequent 12
months were largely positive and, except for
the anterior cortical Cl peak, showed no
significant differences between treatment
groups. The anterior cortical C1 peak changes
were only marginally significant (p=0 03
without adjustment for multiple comparisons)
and showed no consistent pattern with simvas-
tatin dose, and so may be a chance effect.

ROUTINE LONG TERM FOLLOW UP
Median follow up of randomised patients in
the Oxford Cholesterol Study is now over 5
years (296 weeks). The numbers of patients
ever to report symptoms or procedures related
to the eye do not differ significantly between
those. on simvastatin and those on placebo
(Table 4). The numbers of randomised
patients who have stopped taking study
treatment for any reason other than death
remain similar in the different treatment
groups (77 of those allocated 40 mg daily
simvastatin versus 71 of those allocated 20 mg
daily simvastatin versus 87 of those allocated
placebo), and no patients have stopped their
allocated medication citing visual disturbance
as the principal cause.

Discussion
This single centre double blind study found no
good evidence of any effects of simvastatin on
lens opacity formation during 18 months of
treatment. Various validated techniques were
used to assess cataract development. The
Oxford Cataract Classification and Grading
system uses a series of grading standards to
provide a quantitative measure of opacities and

Table 4 Numbers ofpatients in the Oxford Cholesterol Study ever reporting visual
symptoms and ophthalmic procedures up to 31 May 1995

Simvastatin 40 mg Simvastatin 20 mg Placebo control
daily (206) daily (208) (207)

Visual disturbance 39 30 29
Eye pain or discomfort 14 11 11
Dryeyes 1 1 0
Excessive watering 3 8 6
Reported cataract 6 13 4
Reported glaucoma 1 2 1
Any of the above 55 54 44
Cataract removal 2 9 6
Other ophthalmic procedure* 0 4 2

x2 tests for all simvastatin versus placebo and for trends across doses were all non-significant.
*Includes retinal surgery, glaucoma surgery, eyelid surgery.

has been shown to be highly reproducible.26
In the present study, the only consistent differ-
ence between the treatment groups was that
fewer fibre folds were observed at both 6
months and 18 months among those allocated
simvastatin. With regard to changes between
the 6 month and 18 month assessment, the
only difference observed between the treat-
ment groups was in the grade of nuclear white
scatter. This measure had previously been
found to be the least repeatable measure20 and
the difference observed was of only marginal
statistical significance.
Image analysis of cataract photographs

provides measures of opacification which are
numerical and continuous. Hence, these
measures may be particularly useful for assess-
ing changes over time. The positive changes
between the 6 month and the 18 month eye
assessments reflect the expected effects of
aging. The only difference observed between
the treatment groups in the rate of change was
in anterior Cl peak, which was more marked
in the 20 mg daily simvastatin group than in
either the placebo or 40 mg daily simvastatin
group. This pattern is not consistent with
simvastatin dose and, after appropriate adjust-
ment for multiple comparisons, is not statisti-
cally significant.

In order to give some guide to the ability of
this study to detect differences between the
treatment groups, the statistical power to
detect a doubling (at p<005) in the changes
occurring between 6 months and 18 months
was calculated for cataract index (power=
70%), the weighted integral (power >99%),
and the central nuclear dip measurement
(power=65%). Hence, this study is reasonably
reliably able to rule out doublings in the rate of
change between 6 months and 18 months. The
larger EXCEL study of lovastatin also found
no effects on the lens after 48 weeks of treat-
ment,17 reinforcing the present results and
indicating that even smaller effects can be
ruled out. No systematic ophthalmic studies of
HMG CoA reductase inhibitors have been
carried out with more than 18 months of fol-
low up, but the almost 5 years of follow up of
visual symptoms and admissions to hospital for
ophthalmic procedures in the present study is
reassuring.
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