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The potential.andj. Imitations of opportunistic
screening: data from a computer simulation of a
general practice screening programme
PAUL NORMAN

MIKE FITTER

SUMMARY Given the continuing emphasis on preventive
medicine in general practice, there is considerable interest
in the relative effectiveness of different ways of inviting
patients to attend for screening. Recently, opportunistic
methods have been advocated as being particularly useful
but these methods often fail to reach a high proportion of
the target population. Many patients do not consult and
when they do they are not always invited to attend for
screening. In this study a computer simulation model has
been used to examine the effects of these variables in more
detail. The notes of a random sample of 190 patients (97
women, 93 men) aged 30-50 years, registered with one
general practitioner, were used to provide data for the modeL
The simulation model showed that increasing the number
of screening appointments available each week has only a
small effect on screening rates and that a ceiling is reached
when 25 appointments per 1000 patients are available. In
contrast, increasing the proportion of eligible consulting pa-
tients who are invited has a substantial effect such that it
could take nearly 12 years to screen 90% of a target popula-
tion if only one out of every four patients were invited com-
pared with under four years if three out of every four patients
were invited. The results suggest therefore that opportunistic
screening methods are unlikely to achieve desired screen-
ing rates within acceptable time limits. It is argued that to
achieve target levels of screening, practices will need to com-
bine opportunistic methods with more formal methods of
invitation.

Introduction
R ECENT years have seen an increase in screening in general

practice in the UK. This is likely to continue given the cur-
rent emphasis on prevention by the government and the re-
quirements of the new contract for general medical practitioners.
It is imperative therefore that effective methods of screening
practice populations be devised.
One commonly employed method has been systematic cohort

screening, whereby patients are sent a postal invitation for a
screening appointment. However, this method has been criticized
for its poor attendance rates1'2 and its bias in favour of the
higher social classes who are seen to be less at risk - the so
called 'healthy anxious'.3'4
The use of opportunistic screening, where patients are invited

during a routine consultation to attend a screening appointment,
is being advocated as a low cost, low technology means of in-

P Norman, PhD, research associate and M Fitter, PhD, senior research
fellow, MRC/ESRC Social and Applied Psychology Unit, Department
of Psychology, University of Sheffield.
Submitted: 15 March 1990; accepted: 23 October 1990.

© British Journal of General Practice, 1991, 41, 188-191.

viting patients to preventive services in general practice.5 Its
potential is obvious given that over 90% of patients consult a
general practitioner at least once every three years and over one
million primary care contacts occur each day.3

Results obtained by the opportunistic method are, on first in-
spection, impressive, with subsequent attendance rates at screen-
ing in excess of 90%. 1,2 However, the overall proportion of the
population screened may be disappointingly low. For example,
an Oxford practice reported an attendance rate of 94% from
opportunistic invitations, but only managed to screen 25% of
the target population after a period of two and a half years.2
In a study in 11 general practices in the Oxford region general
practitioners were required to invite all smokers who consulted
to make a screening appointment with a practice nurse.6 Of the
2900 smokers who consulted only 751 were actually screened,
while a further 109 made appointments but failed to attend.
These figures produce an attendance rate of 87% but a screen-
ing rate of only 26% for the target population. Furthermore,
given the low numbers screened, it is likely that those involved
were the more cooperative and well-motivated patients, imply-
ing that opportunistic screening programmes which invite a
greater proportion of their target population may in fact pro-
duce lower attendance rates.2

Studies which have looked at the ability of practices to record
various behavioural risk factors suggest that those employing
opportunistic screening programmes perform no better than
those without a screening policy, whereas those practices with
a formal screening programme show enhanced performance.7
This has led to the suggestion that for some practices oppor-
tunistic screening may really mean that they are not doing
anything.8

If opportunistic screening programmes are to be of any real
benefit at a population level then it is imperative that the fac-
tors which limit their potential be better understood, so that their
high attendance rates may be capitalized on. Opportunistic
screening involves a number of steps which may prevent a pa-
tient being invited for screening and then attending. First, the
patient has to visit the surgery. Secondly, the general practitioner
(or another member of the primary health care team) has to
invite the patient to attend for screening. This may sound ob-
vious but the general practitioner may not have the time available
in the consultation to do so, the patient may be too ill or there
may not be any screening appointments available. Thirdly, once
the invitation has been given the patient has to make an appoint-
ment and keep it.
Of the three steps, the first offers the least opportunity for

improvement. It is simply the rate at which patients naturally
consult. However, it is likely that different age-sex sub-groups
consult at different rates. Similarly, 'given the high attendance
rates already reported for opportunistic screening programmes
it seems unlikely that the third step is a serious limiting factor.
However, this might be improved by screening patients in the
consultation, thereby obtaining a 100Gb attendance rate.
The second step appears to have the greatest potential for

change and improvement. Two strategies present themselves. The
first is to increase the number of appointments available2 to
prevent this restricting the number of patients invited, and the
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second is for the general practitioner to invite a higher propor-
tion of consulting patients.

This paper explores these issues in more detail through the
use of a computer simulation model of a general practice screen-
ing programme. More specifically, it examines the effects on
target population screening rates over time of a number of fac-
tors which may inhibit opportunistic invitations being made The
two main factors considered are the number of available appoint-
ments for screening and the proportion of consulting patients
who are invited for screening. In addition, the effectiveness of
attempting to screen patients in the consultation is examined,
as is the relative potential of opportunistic invitation methods
for men and women patients.

Simulation model
A brief summary of the main components of the simulation
model is given below. A more detailed description of the model
and a copy -of the computer software are available from the
authors.
The simulation is based on the fact that if patient consulta-

tions occur at random, then the interval between each visit will
have an exponential distribution, and the number of visits in
a fixed interval of time will have a poisson distribution. In order
to provide data for the poisson distribution the notes of a ran-
dom sample of 190 patients (97 women, 93 men) aged between
30 and 50 years registered with a single general practitioner were
selected. The study practice is situated in the outskirts of Shef-
field has two full-time general practitioners and one part-time
general practitioner with a combined list size of approximately
4300 patients. For all of the patients selected a record was made
of the number of consultations made during the previous year.
For those patients who had not consulted during the previous
year the number of consultations over the past five years was
recorded and divided by five. For each patient a mean interval
between visits in weeks was obtained by dividing 52 by the
number of visits recorded. In the simulation therefore, inter-visit
intervals were generated for each patient from an exponential
distribution with a mean appropriate to that patient.

Preliminary results from the simulation showed that the model
slightly over-estimated consulting rates when compared with
those reported elsewhere.3 This may be due to the peculiar con-
sulting patterns of the sample used for the simulation, or more
likely to the fact that in the simulation every patient had a pro-
bability of consulting whereas in reality the existence of 'ghost'
patients means that it is impossible for every registered patient
to consult.
The approach taken in the simulation of an opportunistic

screening programme was to create a series of one week bands
during which a number of screening appointments could be
made available. So, starting at the first one week band the simula-
tion goes through the list of patients, searching for those pa-
tients whose next consultation is within that band. For these
patients there is a probability of their being invited. A uniform
random variate (O to 1) is generated to determine whether pa-
tients are invited or not. If they are not invited, they remain in
the simulation. If they are invited then the number of remain-
ing appointments in the one week band is reduced by one. This
procedure is repeated until all the available appointments have
been filled, in which case no more patients are invited during
that band, or until there are no more patients consulting dur-
ing that band, in which case the simulation moves to the next
time band. For those patients who are invited there is then the
probability of their attending the screening appointment; again
a uniform random variate is generated. If they do not attend
they are kept in the simulation; if they do attend they are removed

from the simulation and recorded as screened. This process is
repeated until a desired percentage of the target population has
been screened.

In the simulation three parameters were systematically varied:
1. The number of appointments available each week: 100,

50, 25, 12.5 and 6.25 appointments per week (for ease of
presentation, and to act as a simple guideline for other prac-
tices, these are; expressed as appointments per 1000 target
patients).

2. The probability of a patient being invited at a consultation:
1.00, 0.75, 0.50 and 0.25.

3. The probability that an invited patient would attend: 1.00
(that is, screening patients in the consultation), and 0.75,
which may be a realistic attendance rate to expect over the
course of an opportunistic screening programme. In fact, such
an attendance rate has been reported for this age-sex group
in the study practice.9
The simulation model was constructed on the premise that

consultations occur at random, and that a uniform random
variate is generated when determining whether or not a patient
is invited at the consultation and whether or not he attends once
invited. Thus, the simulation was run 10 times for each of the
possible combinations of the above variables. The results of the
10 cycles were averaged and displayed in terms of the number
of weeks needed to screen increasing percentages of the target
population. The simulation was run for all patients together and
for men and women separately.

Results
Figure 1 shows how the performance of an opportunistic screen-
ing programme varies with the number of appointments which
are made available for screening each week. The probabilities
of patients being invited to attend, and their subsequent atten-
dance, have both been set to 0.75. The relationship between the
number of patients being screened and the time to screen them
is not linear - as more patients are screened so the numbers
coming through screening progressively decrease. This is simp-
ly the law of diminishing returns; towards the end of an oppor-
tunistic screening programme it becomes increasingly difficult
to recruit patients as one is left with a greater proportion of in-
frequent consulters. There appears to be a marked drop-off point
when around 7007 of the target group have been screened. So,
for example, with 12.5 appointments available each week it takes

Figure 1. The effect on screening rates of the number of appoint-
ments available with the probabilities of patients being invited for
screening and of attending both set at 0.75 (n = 190 patients).
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12 weeks to increase the proportion of the target population
screened from 50% to 60/o, but 110 weeks to increase it from
80% to 90%.
The screening curve for 6.25 appointments per week is par-

ticularly interesting as it is linear up to 140 weeks when 70%
of the target group have been screened. Thus in this early stage
the number of appointments available can be seen to constrain
the number of patients being screened, producing a slower but
steady flow of patients through screening. After this point, the
numbers being screened are constrained by the availability of
patients left to invite. A similar effect can be seen, up to the
600/ mark, when 12.5 appointments are made available each
week for screening.

However, the constraining effect of not having enough ap-
pointments only operates up to a certain point. Thus, the per-
formance of the simulated screening programme with 25 ap-
pointments per week was found to be virtually identical to that
with 50 or 100 appointments because 25 appointments covered
all the patients who might be invited. In Figure 1, therefore, 25,
50 and 100 appointments per week are represented by a single
line.

Figure 2 shows how the performance of an opportunistic
screening programme varies with differing probabilities that the
general practitioner will invite a consulting patient for screen-
ing, with 25 appointments available each week and the probabili-
ty of invited patients attending their appointments set at 0.75.
The curves in Figure 2 follow the same basic pattern as those
in Figure 1. The rate of increase in the proportion screened gets
progressively slower over time as in Figure but the range of
the curves obtained is greater. It would take 152 weeks to screen
90070 of the target population if every consulting patient were
invited. However, if only one in every four were invited, it would
take 606 weeks. It can therefore be seen that under conditions
when the number of available appointments is unlikely to con-
strain screening rates, inviting a high proportion of consulting
patients is crucial to the successful performance of an oppor-
tuni,stic screening programme.

Given the high attendance rates reported for opportunistic
screening programmes it seems unlikely that there is room for
improvement in this area. However, one strategy might be for
the general practitioner to carry out screening in the consulta-
tion, making the probability of a patient attending 1.00. If every
eligible consulting patient were screened in this way it would
take only 110 weeks to screen 90%o of the target population.
However, if only one out of every two eligible consulting pa-
tients were screened in this way it would take 229 weeks to screen
90%o of the target population; screening one out of every

Figure 2. The effect on screening rates of probability of the general
practitioner inviting patients for screening with 25 appointments
available each week per 1000 patients and the probability of patients
attending set at 0. 75 (n = 190 patients).
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four it would take 436 weeks to achieve this level of coverage.
The simulation model can also be used to illustrate differen-

tial screening effects for men and women patients. It was con-
firmed by the consultation data used in the simulation model
that women consult, on average, more frequently than men. As
a result, when the simulations of the opportunistic screening
programme were run for men and women separately, without
exception, women were screened at a faster rate than men. Figure
3 demonstrates the performance of an opportunistic screening
programme with 25 appointments available each week and the
probabilities of patients being invited and subsequently atten-
ding both set at 0.75. The differential performance is quite strik-
ing. It takes only 39 weeks to screen 700o of the women, whereas
it takes twice as long (80 weeks) to screen the same percentage
of men. Similarly, to screen 900o of the women takes 106 weeks,
whereas it takes 267 weeks to screen the same proportion of the
men.

Figure 3. Screening rates for men (n = 93) and women (n = 97)
patients with 25 appointments available each week per 1000 pa-
tients and the probabilities of patients being invited for screening
and of attending both set at 0. 75.

Discussion
The use of a computer simulation of an opportunistic screen-
ing programme has demonstrated the more specific implications
of the factors which can limit the potential effectiveness of the
programme. The simulation showed that it is difficult to main-
tain a steady flow of patients through such a programme. Once
60-70%0 of the target group has been screened, it becomes pro-
gressively more difficult to increase the percentage further as
many of the more frequent consulters will have already have been
screened.

In allocating resources to screening it may be desirable to ob-
tain an even flow of patients through screening. The present data
suggest that one way of achieving this is to restrict the number
of screening appointments available each week to between five
and 10 per 1000 patients. Increasing the number of appointments
available beyond a certain level does not seem to improve the
performance of an opportunistic screening programme. In the
present case, there appeared to be a ceiling of 25 appointments
per 1000 patients; having more appointments than this available
showed no beneficial effect. In order to obtain an even flow of
patients a practice may also try 'optimizing' its use of oppor-
tunistic invitations by giving priority to infrequent attenders.
The most important point arising from the simulation is that

for an opportunistic screening programme to be effective it is
essential that general practitioners invite a substantial propor-
tion, if not all, of the eligible consulting patients. When the
simulation was run without any constraining effects from the
number of appointments available, it was found that if three
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out of every four eligible patients were invited it would take under
four years to screen 90% of the target population. However, if
only one out of every four eligible patients were invited it would
take nearly 12 years. Increasing the number of patients who are
invited can be seen then to have a crucial influence on the screen-
ing rate. This will be particularly important towards the end of
the screening programme when the bulk of the frequent con-
sulters will have been invited and screened. Furthermore, this
approach will be more cost effective than increasing the number
of appointments available. However, it does require an organiz-
ed and disciplined approach to each consultation.3'4
The results of actual opportunistic screening programmes

which have shown high attendance rates but low screening
rates2'6 suggest that general practitioners are unable to invite a
substantial proportion of consulting patients for screening. They
may lack the skills or the confidence to redirect a consultation
towards preventive care, they may not have the time to introduce
the topic of screening, or they may feel that it is inappropriate
to invite the patient at that particular time.

It could be argued that the simulation model used here
represents a rather static state of affairs. In reality it is likely
that practices may change the proportion of consulting patients
they invite for screening as a programme goes on, so that as the
numbers of patients who have yet to be screened decreases so
the likelihood of their being invited increases. The model does
not allow for this, but, as the simulation showed, these latter
patients will always be the most difficult to reach. A missed op-
portunity may mean a long wait until the patient next consults.

It is likely, therefore, that even under favourable conditions
an opportunistic screening programme, by itself, will be unable
to screen a large enough proportion of a target population in
a short enough time period to be effective. In short it will be
necessary to invite certain patients by letter. This is particularly
likely to be the case for men who, on the whole, tend to consult
less often than women. As the simulation showed, an oppor-
tunistic screening programme will be biased in favour of women
patients. This is supported by the results of an actual screening
programme in which it was found that twice as many women
were invited opportunistically and then screened than were
men.9
The simulation has confirmed that inviting patients oppor-

tunistically to screening is not the ultimate solution to the pro-
blem of obtaining a high screening rate. Its potential is con-
siderable but nevertheless limited unless a substantial propor-
tion of eligible consulting patients are actually invited. To do
this primary health care teams need to be organized'0 and ready
to respond to each consultation in an effective manner.3
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Appointments EDUCATION

ADVISER
Applications are invited for the
post of Education Adviser to the
College.

The College has identified the development of con-
tinuing medical education as a major priority for the
1990s. It is seeking to appoint a general practitioner
who has had experience in organizing vocational train-
ing and/or continuing medical education. The suc-
cessful applicant will have the ability to organize and
manage him/herself, and an understanding of the
organization of postgraduate medical education in the
United Kingdom including the range of teaching/learn-
ing methods that are currently employed and the
indications for deploying them. He/she should be able
to command respect from education providers and
should have the interpersonal skills needed for
organizing and facilitating study days.

The Education Adviser will be responsible for develop-
ing the College's Education Service and through this
will provide advice, support and training for those
responsible at local level for organizing and providing
continuing medical education for general practitioners.
These groups would include general practitioner tutors
and others locally who organize meetings and courses.
Through the work of the Education Service and the
Education Adviser the College intends to increase
further its role as a CME provider and to provide
support for those locally who are involved.

It is expected that the appointment will be for a three
year period at four sessions per week. The remunera-
tion will be pro-rata equivalent to the NHS consultant
scale.

Further details can be obtained from Dr Bill Styles,
Chairman of the Education Division at 14 Princes Gate,
London SW7 1PU (Tel: 071-581 3232, ext 210).
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