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Abstract
Objectives-To compare the effectiveness of a

mobile screening unit with a non-mydriatic polaroid
camera in detecting diabetic retinopathy in rural and
urban areas. To estimate the cost ofthe service.
Design-Prospective data collection over two

years of screening for diabetic retinopathy through-
out Tayside.
Setting-Tayside region, population 390000, area

7770 km2.
Subjects-961 patients in rural areas and 1225 in

urban areas who presented for screening.
Main outcome measures-Presence of diabetic

retinopathy, need for laser photocoagulation, age,
duration ofdiabetes, and diabetic treatment.
Results-Compared with diabetic patients in

urban areas, those in rural areas were less likely to
attend a hospital based diabetic clinic (46% (442) v
86% (1054), p <0.001); less likely to be receiving
insulin (260 (27%) v 416 (34%), p<0-001 and also
after correction for differences in age distribution);
more likely to have advanced (maculopathy or
proliferative retinopathy) diabetic retinopathy (13%
(122) v 7% (89), p < 0001); and more likely to require
urgent laser photocoagulation for previously unre-
cognised retinopathy (1.40/o (13) v 0.5% (6), p < 0.02).
The screening programme cost £10 per patient
screened and £1000 per patient requiring laser
treatment.
Conclusion-The mobile diabetic eye screening

programme detected a greater prevalence of
advanced retinopathy in diabetic patients living in
rural areas. Patients in rural areas were also more
likely to need urgent laser photocoagulation. Present
screening procedures seem to be less effective in
rural areas and rural patients may benefit more from
mobile screening units than urban patients.
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Introduction
Non-mydriatic fundal photography is useful for

detecting retinopathy in patients with diabetes'-5 and
has been shown to be effective in identifying previously
unrecognised retinopathy when used in the com-
munity.6 Eleven mobile eye screening units are now in
operation throughout the United Kingdom. Although

TABLE i-Results of retinal photography in rural and urban patients.
Values are numbers (percentages) ofpatients

Rural patients Urban patients
(n=915) (n= 1225)

No abnormality 531 (58) 749 (61)
Background changes 128 (14) 168 (14)
Advanced retinopathy 122 (13) 89 (7)*
Other eye changes 91 (10) 125 (10)
Cataracts or unreadable 43 (5) 94 (8)
New referrals to the eye clinic 44 (4 8) 55 (4 5)
Laser photocoagulation 13 (1-4) 6 (0 5)t
*p<0-001, tp<0-02.

useful for an initial screening programme, their con-
tinued use needs to be evaluated.
Some patients with diabetes, especially those in rural

areas, are unable or unwilling to attend a hospital
diabetic clinic for retinal screening. General practi-
tioners, however, may not be confident in the use of an
ophthalmoscope7 since they rarely need to use one. A
mobile eye screening unit could help overcome this
problem, and fundholding general practitioners may
be willing to pay for this service.

Subjects and methods
A mobile eye screening unit has been operating in

Tayside since 1990.6 Fundi of diabetic patients are
photographed with a Canon non-mydriatic polaroid
camera (CR4-45NM).
The population density throughout Tayside varies

from the densely populated cities of Dundee and Perth
to the scattered populations in rural Perthshire and
Angus. The total population is 390 000 and about 3.5%
(7000) ofthe urban population are Asian. We identified
the postcode areas of patients and categorised them
into three groups-namely, urban, rural, or mixed.
The presence and severity of retinopathy was com-
pared between patients living in rural and urban areas.
Age, duration of diabetes, type of diabetic care
(hospital based or community based) and treatment
were also recorded. Patients living in mixed postcode
areas were not included in this study. Retinal photo-
graphs were taken by a trained ophthalmic photo-
grapher and photographs were classified into five
groups (no abnormality, background changes,
maculopathy or proliferative retinopathy, other eye
disease, and cataracts, or unreadable) by specialists in
diabetes in conjunction with consultant ophthalmolo-
gists when required. Only 4% of photographs were
unreadable.
The cost of the service was estimated based on

screening 1800 patients a year and includes the salary
of an ophthalmic photographer, purchasing and pro-
cessing film, and the servicing and running costs of the
van and camera. Results were analysed by Student's
t test and XI test. The Mantel-Haenszel statistic was also
used.8 A deprivation score9 was used to compare the
relative deprivation or affluence of rural and urban
areas. The deprivation score was derived from a
combination of four variables (car ownership, social
class, male unemployment, and overcrowding).

Results
A total of 2984 patients were photographed, of

whom 1225 lived in urban areas, 961 in rural areas, and
798 in mixed areas. This represented 01/% of the rural
population and 0-6% of the urban population. The
prevalence of diabetic background retinopathy was the
same in rural and urban patients (144%, table I), but the
prevalence of advanced retinopathy (proliferative
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retinopathy or maculopathy) was greater among rural
patients than urban patients (13% (122) v 7% (89),
p < 0 001). Many of these patients were known to have
advanced retinopathy, but some new cases were
detected. The prevalence of other eye disease was
similar in the two groups (table I). The rate of new
referrals to the eye clinic with suspected advanced
retinopathy was similar in rural and urban areas (4-8%
(44) v 4-5% (55)) but more rural patients than urban
patients required urgent laser photocoagulation (1 .4%
(13) v 0 5% (6), p<002). Ninety nine (86%) patients
referred to the ophthalmology clinic had advanced
retinopathy confirmed, and those who did not receive
laser photocoagulation underwent frequent continuing
ophthalmic assessment.
Table II shows that there were no differences in

duration of diabetes between the two groups. Correc-
tion for the small differences in age between the two
groups with the Mantel-Haenszel statistic did not affect
the results (difference in prevalence of advanced
retinopathy p<0 001; differences in rate of laser
photocoagulation for previously unrecognised retino-
pathy p=0 02). Fewer rural patients than urban
patients were receiving insulin (27% (260) v 34% (416),
p<0-01; table III). If the null hypothesis is assumed
correct-that is, there is no difference in the preval-

TABLE iI-Duration of diabetes and age of patients screened for
retinopathy in rural and urban communities. Values are numbers
(percentages) ofpatients

Rural population Urban population
(n=961) (n= 1225)

Duration of diabetes (years):
1-4 455 (47 3) 560 (45-7)
5-9 231 (24 0) 322 (26 3)
10-14 124 (12 9) 161 (13-1)
15-19 62 (6-5) 83 (6-8)

¢20 89 (9 3) 99 (8-1)
Age of patient (years):
<20 14 (1 5) 16 (1.3)
20-39 95 (9-9) 125 (10-2)
40-59 225 (23 4) 372 (30Q4)

>60 627 (65 2) 712 (58-1)

TABLE iII-Differences in treatment between patients with diabetes in
rural and urban areas. Values are numbers (percentages) ofpatients

Rural patients Urban patients
Treatment (n=961) (n= 1225)

Diet only 240 (25) 294 (24)
Oral drugs 461 (48) 515 (42)
Insulin 260 (27)* 416 (34)*
*p<0-01.

TABLE Iv-Observed and expected numbers of patients having laser photocoagulation in rural and urban
population. Expected numbers calculatedfrom observed distribution ofpatients

% Of overall Expected Actual No
diabetic population Observed No of patients ofpatients

No of
Rural Urban patients Rural Urban Rural Urban

Diet 44 56 1 0 4 06 - -
Oraldrugs 45 55 12 5 4 6-6
Insulin 36 64 6 2-2 38 -

All 44 56 19 8 11 13 6

X2=5 4,p=0-02.

TABLE v-Observed and expected numbers of patients with advanced retinopathy (maculopathy or
proliferative retinopathy) in rural and urban population. Expected numbers calculated from observed
distribution ofpatients

% Of overall Expected Actual No
diabetic population Observed No of patients ofpatients

No of
Rural Urban patients Rural Urban Rural Urban

Diet 44 56 19 8-4 10-6
Oral drugs 45 55 100 45 55 -
Insulin 36 64 92 33 59 -

All 44 56 211 86-4 124-5 122 89

X2=25 6,p<o-o1.

ence of previously unknown advanced retinopathy
among rural and urban diabetic patients-the expected
number of patients with retinopathy and requiring
laser photocoagulation can be calculated from each
group. Tables IV and V show the comparison of
observed and expected numbers among the rural and
urban patients. The observed differences in the preval-
ence of retinopathy and need for laser treatment
between these two groups remained significant.
Urban areas were less affluent than rural areas as

assessed by the deprivation score9 (rural areas -2-07,
urban areas 0 44). Patients in urban areas were more
likely to attend a hospital clinic (86% (1054) v 46%
(442), p < 0 00 1): The screening programme in Tayside
cost £10 per patient screened, which is equivalent to
,£350 per patient with previously unrecognised sight
threatening changes. This represents a cost of £1000
per patient receiving laser treatment.

Discussion
Our screening programme covered 0 77% of the

total population of Tayside. The estimated prevalence
ofknown diabetes is 1 0-1 -2%, suggesting that 64-77%
of the diabetic population have been screened. The
proportion of the population screened was higher in
rural areas (1 -1/%) than in urban areas (O 6%) and this
may be because urban diabetic patients were more
likely to attend a hospital diabetic clinic. The greater
affluence of rural patients may explain the better pick
up rate in rural areas, but compensating for socio-
economic and ethnic differences between rural and
urban areas (which were small) would be expected to
increase the differences in retinopathy observed.
A higher proportion of patients with diabetes in

rural areas had advanced retinopathy identified by the
screening unit compared with urban patients. Rural
patients were also more likely to require urgent laser
photocoagulation for unrecognised retinopathy. These
differences were not attributable to differences in age
or duration of diabetes. There are several possibilities
to explain this. Firstly, rural patients had more retino-
pathy or their retinopathy went unrecognised more
often. Rural patients tend to be referred later'0 and the
risks of this can be amplified if there are problems in
the "referral chain" to the ophthalmology clinic."
More urban patients attended a hospital based diabetic
clinic and this may be one reason why such patients had
less unrecognised retinopathy,7 although hospital
attendance is not always welcomed or thought neces-
sary by patients.'2 Secondly, a greater percentage of the
population in the rural areas was screened and if the
prevalence of diabetes was similar in each area the
screening programme may have missed more patients
with advanced retinopathy in urban areas. This is,
however, unlikely as there were a similar number of
patients in each group with background retinopathy.
Moreover, the duration of diabetes and the age distri-
bution for both groups were broadly similar suggesting
that no participation bias had occurred.

Significantly fewer patients in rural areas were
receiving insulin, which may also have influenced the
development of advanced retinopathy,'3 even though
insulin treatment does not necessarily reflect better
diabetic control.'4 This difference in prescribing
between rural and urban areas was found almost
exclusively in patients not attending a hospital diabetic
clinic. Urban general practitioners have more direct
contact with the hospital clinic, which may have a
secondary effect on their management decisions even
for patients whom they do not send to the hospital
clinic.'4 Diabetic shared care schemes'5-'8 and diabetic
liaison nurses'9 help facilitate the dispersal of informa-
tion from the central hospital clinic to general practi-
tioners and families caring for patients with diabetes.20
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There is a demand for these services,72' and these
facilities are possibly less developed in rural areas.
General practitioners have also found intensive courses
in diabetes helpful in keeping them up to date and
improving their clinical skills.22
The salary of the ophthalmic photographer,

depreciation of the van and camera, running and
servicing costs for the van, and the cost of the film and
its processing were all accounted for in the calculation
of the cost of the service. At £10 per patient screened
the service is cheaper than all the altematives.2' The
costs of transporting patients to the hospital and
hospital running costs are not applicable to the mobile
eye unit.23 The cost of £ 1000 for the identification of
each patient that required laser photocoagulation is
relatively low. Costs could be reduced further by
screening more patients per unit time, and we estimate
that it should be possible to screen 2500 patients a year
once the screening programme is established (our costs
are based on screening 1800 per year).

In conclusion, mobile diabetic eye screening units
seem to be particularly effective at identifying pre-
viously unrecognised retinopathy in rural areas, at a
relatively low cost.
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"Research is vital to improve standards of patient care.
It increases knowledge and fosters a critical attitude to
existing pattems of care and treatment," reported the
royal commission on the NHS in 1979.' The report
went on to comment on the absence of objective criteria
for setting health priorities and to emphasise the need
for health service research to be multidisciplinary.
Innovation has, however, been largely driven by
hospital consultants and scientists with specialist
interests in diseases and treatment. Research priorities
have reflected this, to the neglect of evaluation of
current practice.
Three recent significant changes have created a great

opportunity to focus research on the health needs of the
population. The first is the creation in 1990 of the
purchaser and provider split in the NHS, which gave
commissioning authorities (district health authorities
and family health services authorities) powers and
responsibilities to develop health care strategies and
purchasing plans that maintain good health and maxi-
mise health gain. The second is the development
of medical audit, which encourages practitioners
critically to examine current practice. The third is the
establishment of a research and development strategy
for the NHS in 1991 under the direction of Professor
Michael Peckham. Its prime objective is "to see that
R&D becomes an integral part of health care so that
clinicians, managers and other staff find it natural to
rely on the results of research in their day to day
decision making and longer term strategic planning."

The strategy is currently being developed by regional
health authorities, which have the responsibility to
plan a coherent programme. To be successful the
regional plan will need to encompass research and
development at the grass roots level in communities
and primary care settings. This is an enormous
challenge for family health services authorities, which
should, together with the regional health authority,
develop a local strategy for research and development
activity in primary care and establish targets for
appropriate spending.

Resources
Most patients are managed in primary care but the

vast majority of research publications derive from
hospitals. In South East Thames Regional Health
Authority about 0-96% of the NHS spend is on
research and development, of which only 0 03% is
recorded as for primary care. Correcting this im-
balance should be a priority for family health services
authorities. The financial resources proposed by the
secretary of state to support the strategy are intended to
move over a 5 year period from 0/8% of the total NHS
budget to a target of 1-5%. On a pro rata basis this
might make C92 7 million available to primary and
community care.
Only 15% of-health research is currently funded by

the Department of Health or NHS, the bulk being
funded by pharmaceutical companies and medical
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