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Abstract
Diabetic retinopathy is an important cause of
blindness in the Western World. A review of the
randomised trials of laser photocoagulation of the
retina as a method of preventing blindness from this
disorder showed that this treatment is very effective,
reducing the risk of blindness by 61% in a treated
eye. As only one eye is needed for sight the reduction
in blindness in a population will be greater than 61%
because the effect of treatment in one eye is not
always identical with the effect in the other eye.
For analysis this reduction was taken as 73%,
representing the average of the minimum and
maximum estimates (61% and 85%). The effective-
ness of this treatment suggests that there is the
potential for a national screening programme to
bring about a major reduction in blindness from this
cause. A quantitative assessment of the effect of
screening indicated that a programme in which
patients with diabetes mellitus are systematically
referred to ophthalmic opticians for a retinal
examination could detect 88% of all diabetics with
serious retinopathy and that 87% of these cases
would be treatable. Screening and early treatment of
retinopathy would prevent deterioration of visual
acuity and could reduce the risk of blindness due to
diabetic retinopathy by an estimated 56% (0.73x
0-88x0.87).
The findings suggest that an effectively managed

community based screening programme encompass-
ing detection, referral, treatment, and follow up
would prevent about 260 new cases of blindness in
diabetics under the age of 70 each year in England
and Wales. This would represent over 10% of all
cases of blindness in adults in this age group.
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Introduction
Diabetic retinopathy is an important public health

problem. It is the main cause of blindness in diabetics'
and the most important cause of blindness during adult
working life.2 At present we cannot prevent the
inception of diabetic retinopathy. Early detection of
this disorder by screening, however, followed by
appropriate intervention may offer a practical means of
preventing the resulting blindness.
There are several criteria which need to be satisfied if

a screening programme is to prove worth while.3 The
disorder for which screening is to be conducted should
be well defined, and estimates of its prevalence and rate
of progression should be available; there should be an
effective treatment; the screening test should be simple
and safe and capable of discriminating adequately
between affected and unaffected people; those with a
positive test result should have a sufficiently high
chance of being affected; the facilities for a screening
programme should be available or easily installed; and
the programme should be cost effective.
We review the evidence on screening for diabetic

retinopathy in the light of these criteria and provide a
quantitative assessment of the implications of mount-
ing a screening programme for diabetic retinopathy in
England and Wales, in terms of the number of people

to be screened and the number of cases of blindness
which might be prevented.

Prevalence, incidence, and natural course of
diabetic retinopathy

Diabetic retinopathy is a manifestation of diabetic
microangiopathy.4 It is thought to evolve through
several stages (fig 1), background (early) retinopathy
generally progressing either to maculopathy or to
proliferative retinopathy. Proliferative retinopathy is
more characteristic of early onset diabetes, whereas
maculopathy is more characteristic of late onset dia-
betes. Both types of retinopathy can lead to blindness.
Hereafter we refer to these two types of retinopathy as
serious diabetic retinopathy.
The prevalence of diabetic retinopathy has been

measured in several population based studies.58 The
findings suggest that the prevalence of the more severe
grades ranges from about 3%5 8 to 10%6 7 of diabetics.
Dwyer et al estimated the incidence of proliferative

retinopathy among diabetics to be 1 6/1000 person
years.8 The incidence of maculopathy can be estimated
by using data from the study of Burns-Cox and Hart.9
They found that maculopathy was 2-6 times as
common as proliferative retinopathy, which suggests
that the incidence of maculopathy is about 4 2/1000
person years (4 2=2 6x 1-6). An estimate of the
incidence of serious diabetic retinopathy is therefore
5 8/1000 person years (5-8=1I6+4-2). Sorsby
presented age specific incidence rates of blindness due
to diabetic retinopathy in England and Wales.'° By
applying these rates to the underlying population" it
can be calculated that roughly 460 new cases of
blindness due to diabetic retinopathy may be expected
to occur each year in people aged under 70 (table I).
There is little information on the average duration of

each stage of the natural course of diabetic retinopathy.
Dwyer et al, however, reported that 20 years after the
initial diagnosis of diabetes the cumulative incidence of
retinopathy was 34 5%, whereas the cumulative
incidence of proliferative retinopathy was 5%.8 This
suggests a fairly slow progression to the more severe
forms of retinopathy in most cases and raises the
possibility of detection of retinopathy at an early stage
followed by appropriate intervention.

Treatment
There is good evidence that treatment of diabetic

retinopathy by argon laser or xenon arc photocoagula-
tion ofthe retinal tissue is effective. Several randomised
controlled trials in which the eyes of patients were
randomised either to receive or not to receive photo-
coagulation have been performed. 12-18 Measures of
outcome were either blindness or deterioration in
visual acuity as measured by a decrease of two lines or
more in the number of lines of a visual acuity chart
which could be read. Table II presents the results from
those studies which used blindness-defined as a visual
acuity of <6/60-as a measure of outcome. 2-16 The
studies were all of the matched prospective type, and
two measures of relative risk are important. The first,
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the matched odds ratio, is the ratio of the number of
patients who suffered blindness in the treated eye but
not the untreated eye to the number who suffered
blindness in the untreated eye but not the treated eye.
Information on people who suffered blindness in both

TABLE i-Expected annual incidence of blindness due to diabetic
retinopathy in England and Wales

Age (years)

15-49 50-59 60-64 65-69 Total

Incidence/106/year* 4 7 14-8 35-7 35-7t
No of males in England and

Males Wales(x10')4 12-5 2-7 1-3 1-1
Expected No of cases of

blindness each year 59 40 46 39 184
Incidence/106/year* 2-6 25-2 65-0 65-0t
No of females in England and

Females Wales(x lO")t 12-3 2-7 1-4 1-3
Expected No of cases of

blindness each year 32 68 91 85 276

Total 460

*Incidences are weighted averages of annual incidences of blindness due to
diabetic retinopathy in England and Wales from 1963 to 1968, calculated by
using corresponding background populations as weights; rates obtained
from Sorsby. "

tlncidence among 65-69 year olds assumed to be same as that among 60-64
year olds.
tEstimated resident population as at 30 June 1986.

TABLE II-Prevention ofblindness due to diabetic retinopathy by photocoagulation: summary ofrandomised
controlled trials

No blind
in treated
eye/No

No of Duration of blind in Relative risk*
patients follow up Condition Method of untreated (95% confidence

Reference enrolled (years) treated photocoagulation eve interval)

Hercules et all' 94 3 Proliferative Argon laser 7/36 0- 19 (0- 10 to 0-39)t
retinopathy

British Multicentre Study 107 5 Proliferative Xenon arc 10/34 0-29 (016 to 0-54)t
Group' retinopathy

Diabetic Retinopathy 1758 l'/2t Proliferative Argon laser and 66/157t 0-42 (0 32 to 0- 56)§
Study Research Group'4 retinopathy xenon arc

British Multicentre Study 99 5 Maculopathy Xenon arc 19/39 0-49 (0-32 to 0-73)#
Group"

Stenkula" 185 4 Proliferative Argon laser and 18/27 0-67 (0-37 to 1-21)1
retinopathy xenon arc
and
maculopathy

All studies combined 2243 0-39 (0 28 to 0-55)

*Risk of blindness in treated eye relative to risk of unity in untreated eye.
tEstimated from table II and figure 4 in reference with assumption of uniform recruitment over recruitment period
of study.
tConfidence interval for matched prospective studv (Rothman").
IConfidence interval for unmatched prospective study (Rothman"); matched results not quoted in papers.
I|Combined by method of DerSimonian and Laird."'

Early
clinical

Intermediate
clinical

No retinopathy

Preclinical stage
(increased blood flow and increased

permeability of small vessels)

Background retinopathy
(retinal haemorrhages and microaneurysms

but vision retained)

lschaemic retinopathy (background
retinopathy plus soft exudates)

Maculopathy Proliferative retinopathy
(hyperpermeability response with (vaso-occlusive response, with areas
retinal and macular oedema of non-perfusion, leading to new
and hard exudate formation) vessel formation)

Blindness from central visual loss Blindness from new vessel formation,
vitreous haemorrhage, or retinal
detachment

FIG 1-Natural course ofdiabetic retinopathy (Foulds et al' and Kohner)

eyes or in neither eye is ignored as uninformative. The
matched odds ratio provides the most powerful test of
the efficacy of the treatment.
The second measure is the unmatched relative risk,

which is the risk of blindness in a treated eye divided by
the risk in an untreated eye. This is a less powerful test
of the efficacy of treatment but is the correct estimate of
the effect of treatment applied on a population basis.
To illustrate the difference between the two measures,
consider the hypothetical case in which 90% of study
subjects go blind in both eyes and the other 10% go
blind only in the untreated eye. The matched odds
ratio is zero, indicating that for eyes in which there is
the potential to alter prognosis treatment is always
effective. The unmatched relative risk, however, is
9/10, indicating that treatment applied on a population
basis would prevent 10% of eyes going blind. As this
paper is concerned with the effect of screening for the
prevention of blindness in the population as a whole,
table II shows estimates of the unmatched relative risks
together with confidence intervals calculated by the
method of Rothman.'9
A combined "best estimate" of the relative risk

of blindness associated with photocoagulation was
calculated from the five trials in which blind-
ness was examined as a measure of outcome. As the
trials exhibited a degree of heterogeneity (X24 for
heterogeneity=9 5; p=005), the method of Der-
Simonian and Laird was used to produce a combined
relative risk.20 Relative to a risk of unity in untreated
eyes with retinopathy, the combined estimate of the
risk of blindness in eyes treated by photocoagulation
was 0 39 (95% confidence interval 0-28 to 0 55). Thus
photocoagulation reduced the risk of blindness in -

treated eye by 61%.
As only one eye is needed for sight the reduction in

blindness in a population will be greater than 61u'
because the effect of treatment in one eye is not aiv
identical with the effect in the other eye. If the effect oi
treatment in one eye is completely unrelated to the
effect in the other, then the 61% reduction in blindness
per eye is equivalent to an 85% reduction in blindness
per person, as the probability of going blind in both
treated eyes is 0 39x0 39, or 0-15. The true population
estimate is likely to lie between these values and so in
our subsequent calculations we have assumed that the
reduction in blindness will be 73%, the average of the
maximum and minimum estimates. This figure is
arbitrary but reasonable and allows us to estimate the
effect of screening in practice. Alternative figures can
be adopted and easily applied.

Screening
The long term impact on visual acuity of a screening

programme for the detection of serious diabetic
retinopathy does not seem to have been evaluated.
Nevertheless, in several reports the ability of
ophthalmic opticians92' and of ophthalmologists and
diabetologists' to detect diabetic retinopathy has been
examined. Burns-Cox and Hart reported results from a
programme in which opticians screened diabetics for
retinopathy.9 In that programme, conducted in the
Frenchay health district, diabetics in hospital wards or
attending diabetic clinics, general practitioners, or
ophthalmic opticians were invited to visit opticians for
annual eye checks. For each diabetic patient screened
the corrected visual acuity and the retinal findings were
recorded by an optician and forwarded to the investi-
gators. In general, screened subjects whose retinas
were normal or showed minimal background changes
were not referred to ophthalmologists for further
assessment (screen negative subjects), whereas those
with more advanced retinopathy (that is, with new
vessels anywhere on the retina or exudates near the
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TABLE iII-Numbers of people calculated to have true and false
positive and true and false negative results in study ofBurns-Cox and
Hart9

Definitive test result
(ophthalmologist's diagnosis)

Screening test result
(optician's diagnosis) Positive Negative Total

Positive 25* 43 72
Negative 4* 738 742

Total 33 781 814

Screening results
Prevalence of serious diabetic retinopathy 4 1% (33/814)
Detection rate 88% (29/33)
False positive rate 5*5% (43/781)

*Follow up of both positive and negative screenees incomplete. Proportion
of true positives among those lost to follow up assumed to be the same as
among those followed up.

macula) or with an appreciable change in visual acuity
in the absence of other pathological changes were
referred (screen positive subjects). A sample of screen
negative subjects was also invited for further assess-
ment.
Table III summarises the results of the study by

Burns-Cox and Hart.9 The footnote to table III
describes the method used to allow for losses to follow
up, which is similar to that described by Bhopal and
Hedley.22 Table III shows that the detection rate of the
screening test was 88% (29/33 patients) and its false
positive rate 5-5% (43/781). Other studies of screening
for diabetic retinopathy were reported by Hill2' and by
Foulds et al,' Hill presenting results in an abstract
(detection rate 79%; false positive rate 21%) and
Foulds et al specifying only a positive predictive value
of 76%. Of the three studies, that of Burns-Cox and
Hart was the most fully documented and probably the
most applicable to future screening practice-given
that it was optician based, and opticians are more
readily accessible to the general public than physicians
or ophthalmologists. In assessing the probable impact
of screening for diabetic retinopathy we have therefore
adopted the detection and false positive rates from that
study.

Screening for diabetic retinopathy in England and
Wales: a quantitative assessment

Before a screening programme for diabetic retino-
pathy is mounted in England and Wales consideration
needs to be given to the implications that it would have
in terms of the number of people to be screened, the
number of cases of blindness which might be pre-
vented, and the frequency of screening.
From the figures calculated above, together with an

estimate from Burns-Cox and Hart9 of the proportion
of screen detected patients who are treatable we can
estimate the average number of cases of blindness
which could be prevented in England and Wales each
year by mounting a screening programme for diabetic
retinopathy among diabetics under the age of 70.
Table IV shows that each year an estimated 260 cases
could be prevented. This represents over 10% of all
cases of blindness in this age group.2 A screening
programme for diabetic retinopathy would also lead to
the detection of other potentially sight threatening

TABLE Iv-Cases of blindness due to diabetic retinopathy in England
and Wales

conditions- for example, cataract and retinal
detachment-and probably, therefore, to the preven-
tion of additional cases of blindness.

For several reasons our estimate of the benefit of
screening is probably conservative. Firstly, and most
importantly, a screening programme in diabetics
under the age of 70 would prevent some cases of
blindness in diabetics over 70. If the average time
between treatment and the onset of blindness is five
years calculations along the lines of those in tables I-IV
suggest that this would amount to around 70 cases of
blindness among the over 70s being prevented a year.
Secondly, registration of the blind is incompletel'23 so

that the incidence rates shown in table I are probably
underestimates of the true incidence rates. Thirdly,
the assumed detection rate of 88% applies to the
prevalence screening examination. The detection rate
for the whole screening process might be higher
because some cases missed at the prevalence screening
examination might be detected at subsequent examina-
tions when the disease was still treatable. Fourthly, in
the absence of information on the incidence rate of
blindness due to diabetic retinopathy in people aged 65
or more we assumed that they were the same as
those in people aged 60-64. This is probably not an
unreasonable assumption but may have contributed to
underestimation of the benefit. We have assumed a

compliance rate of 100%. In practice there would be
less than a 100% response to the invitation to be
screened. Compliance, however, would probably be
high, as diabetics would be motivated to participate in
such programmes because of their knowledge about
their disease.

Figure 2 shows the estimated number of people
who would be involved in a screening programme in
which all diabetics under the age of 70 in England and
Wales were invited each year for a screening examina-
tion together with the numbers who would be expected
to need treatment at the prevalence screening examina-
tion and in typical subsequent years. Figure 2 shows
that in a typical year about 2000 patients would need
treatment. This may seem high in view of our estimate
that only 260 cases of blindness would be prevented on
average each year. It is, however, not surprising for
two reasons. Firstly, because data from the untreated
eyes in randomised trials (table II) show that most eyes
judged to need treatment do not become blind even if
left untreated and, secondly, because blindness is not
prevented in all treated cases. In a typical year in a

typical health authority (there are about 200 health
authorities in England and Wales) there would be
135 referrals of patients, 10 of whom would require
treatment. Therefore, little additional load would be
placed on existing hospital services.
We have not drawn a distinction between insulin

dependent and non-insulin dependent diabetes. Risk
of retinopathy is three times higher in insulin depend-
ent diabetes,8 which might suggest that these patients
should be screened more frequently. Nevertheless,
without further information on the distribution and
natural course ofmaculopathy and proliferative retino-
pathy by type of diabetes it is not possible to formulate
a definitive policy on this issue. If a screening pro-
gramme for diabetic retinopathy were to be imple-
mented the question of recall policy could be evaluated
formally by randomising subjects to different recall
times.

Conclusion
Screening diabetic patients for diabetic retinopathy

satisfies the main requirements for a worthwhile
screening programme. Screening can prevent 260
people becoming blind each year and, though a formal
economic assessment has not been performed (and will
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Number of persons per year

Cases in patients aged under 70 (see table I) 460
Detectable cases (88%; see table III) 400
Treatable cases (87%; Burns-Cox and Hart9) 350
Preventable cases (73%; see text) 260

1200
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Prevalence Typical subsequent
Population aged less than 7011 screening examination annual screening examination

45 000 000 45 000 000

No of diabetics24 i
450 000 450 000

4 - 1 /\.1 O 0.58% §

Diabetic retinopathy Affected Unaffected Affected Unaffected
18 500 431 500 2 600 447 400

Detection rate False positive Detection rate False_positive
[ = ~~~~~ ~ ~ ~~~88%* rate = 5.5%* =88% * rate =5 5%

No with positive screening result
(who would need further 16 300 23 800 2 300 24 600
ophthalmological assessment)

1 ~~~~~~~~~~~~87%t 87%tl
No requiring treatment 14 200 2 000

I ~ ~ ~ _V

Average number of cases of blindness 260+
prevented each year (table IV)

FIG 2-Numbers to be screened, referred, and treated at prevalence screening examination and at typical subsequent annual screening examination for diabetic retinopathy in England
and Wales
*Obtained from table III. tObtained from Burns-Cox and Hart.9 tObtained from table IV. §Estimated prevalence of diabetic retinopathy at an annual screening
round. In a screening programme with a high detection rate the prevalence of disease at a typical screening examination after the prevalence examination will be similar to
the incidence of the disease over the period between screening examinations. For an annual screening programme the prevalence is roughly equal to the annual incidence of
diabetic retinopathy.

depend greatly on such factors as the frequency of
recall), it is clear that the potential benefit to patients in
terms of improved quality of life is substantial.
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ONE HUNDRED YEARS AGO

The Bill introduced by Sir Henry Roscoe to amend the
Dogs Act of 1871 proposes to put in force a series of
stringent regulations on the subject. The owner of any
dog (not specially exempted) that is "permitted or
suffered to be at large" in any part of the United
Kingdom without wearing a muzzle "of a form to be
approved by the Privy Council," shall be liable to a
penalty of twenty shillings. The owner shall also be
liable for all "injury done to the person" by the
dog, without any proof being required of "previous
mischievous propensity" on the part of the dog, or of
negligence on the part of the owner. Every dog must
wear a metal ticket with date and number of licence, the
penalty being as before the seizure of the animal and
fining of the owner. Every dog lost shall be reported to
the police within three days under pain ofa penalty. Any
"appearance or symptom" of rabies shall be immediately
reported to the police. Every dog seized by the police
shall be examined by a veterinary surgeon, and, if
condemned, "disposed of under the provisions of the
Act," and "the carcase shall be burned." (British Medical
Journal 1889;ii:28)
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