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ACP Presidential address: Screening for
presymptomatic disease

Introduction
Intuition suggests that treating disease at a
stage before symptoms have appeared and
complications have had time to develop
should offer the best chance of arresting or
even reversing the pathological process. The
concept of screening apparently healthy
populations to detect asymptomatic disease,
which follows from such thinking, has widely
been regarded as an ideal which health care
systems should seek to attain. Indeed, in the
United States the "annual check-up" is
accepted as a hallmark of good medical care.
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Historical development of sEreening
Screening for the early detection of disease
has been practised as a form of preventive
medicine in Britain ever since the regular
examination of schoolchildren was introduced
on a national basis some 80 years ago.
Provision for routine antenatal care and
medical examination of infants soon followed,
and early detection techniques were
introduced to deal with endemic industrial
diseases, such as chest x rays for detecting
silicosis, and blood film and urinary analyses
for picking up lead poisoning. In 1943 screening for pulmonary tuberculosis by mass
radiography was introduced in the United
Kingdom on a national basis and proved very
successful. The purpose of this screening was
not only to provide treatment at an early stage
but also, by removing the affected person from
the community, to prevent the spread of
infection. The control of the spread of
communicable diseases was likewise the major
objective of mass screening campaigns for
parasitic infections in tropical and subtropical
areas of the world.
As communicable diseases and the diseases
of poverty declined in importance in the
developed countries of the world screening
trials became directed towards the detection
of non-communicable conditions, such as
diabetes mellitus, hypertension, ischaemic
heart disease, iron deficiency anaemia and
glaucoma.'2 Screening for phenylketonuria
was introduced in the National Health Service
in the mid 1950s, for carcinoma in situ of the
cervix in the mid 1960s, and for congenital
hypothyroidism in 1982. This change of target
was accompanied by a change in objectives,
which are no longer to prevent the spread of
disease and to bring benefits to the economy as
a whole. Screening now is directed towards
benefitting the individual by curing, or at least
alleviating, his or her ill-health by less radical
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treatment, by increasing life expectancy, or by
reassurance should the screening

providing

test prove negative.

Differences between opportunistic and

invitational screening
Activities such as the ordering of haematological and biochemical "profiles" on outpatients or patients just admitted to hospital, or
the requesting of blood cholesterol concentrations or cervical cytology by general practitioners on patients attending their surgeries for

unrelated health problems, are now classified
under the term "opportunistic screening".
Sackett and Holland pointed out that there are
important differences between this type of
activity and that of classic screening3; (1) the
subjects are patients rather than well volunteers; (2) the process is initiated by the patient
who sought health care, rather than a community health doctor or health authority; (3) the
tests are performed for the purpose of making a
comprehensive assessment of the patient's
health rather than with the prime objective of
detecting a specific disease at an early stage
when treatment is either easier or more effective; (4) there is no implied guarantee that the
patient will benefit from having such tests

performed.
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treatment or care.

Requirements for successful screening
The implicit undertaking to diagnose and
provide effective treatment for those responding to an invitation to undergo screening
profoundly affects the criteria which should be
met before a screening procedure is introduced
into medical practice. These must obviously
include proof that the participants will benefit
and that the total expenditure, including that
required for diagnosis and long term care, can
be justified. As long ago as 1966 Wilson
proposed that to achieve successful screening
for presymptomatic disease 10 criteria should
be satisfied.5 His 10 guiding principles, which
have not been improved on since, were as
follows:
1
The condition sought should constitute an
important health problem. The importance of the problem needs to be
considered from the point of view of the
individual and of the community, and
weighting will need to be given according
to the prevalence of the condition and
the prognosis if early treatment is not
instituted. Thus phenylketonuria with a
birth incidence of only 10-15 per 100 000
warrants relatively uneconomic screening
measures because of its serious consequences for the individual and the family.
2 There should be an accepted treatment for
patients with recognised disease. This is a
vital requirement, but there is also a need
to know if treatment given at an earlier
stage than normal will favourably affect the
course of the disease and its prognosis.
3 Facilities for diagnosis and treatment must
be available. It is very important to know
in advance what the commitment is likely
to be and that it can be met.
4 There should be a recognisable latent or
early symptomatic stage. In other words
there must be a reasonable period in the
development of the condition during
which symptoms are absent or minimal.
5 There must be a suitable test or examina-

tion. This is obviously a fundamental
requirement.
6 The test or examination should be acceptable to the population. Acceptability is
related to the nature of the investigation,
the seriousness of the disease being
screened for, and to the way in which the
ground is prepared by health education.
There seems to be no way, however, of
gauging the public response before screening is attempted.
7 The natural history of the condition,
including its development from latent to
declared disease, should be adequately
known. The pathological changes in the
precursor stage should be recognisable and
known to be progressive and responsive to
treatment.
8 There should be an agreed policy on whom
to treat as patients. Only those almost
certain to need treatment should be
classified as positive with the screening
test, to avoid a risk of harm resulting to
some participants.
9 The cost of the screening programme,
including diagnosis and subsequent treatment of patients, should be economically
balanced in relation to possible expenditure on medical care as a whole.
10 Screening should be a continuing process
and not a once-and-for-all project. Only a
small proportion of the chosen population
is likely to be examined at a one-off
screening and the procedure will only pick
up those persons who happen at that
particular time to have the abnormality
sought. Continuing schemes are needed
to cover complete populations and to
establish the work as an accepted regular
part of preventive medicine.
With such clear guidelines, it might be
thought that the setting up of a screening
programme would be straightforward, but I
shall now turn to consider the many problems
that have been encountered in the development
of this form of preventive medicine.
Problems with screening tests
TEST SELECTION

An ideal screening test should detect only those
who actually have the condition screened for
and should not miss any cases, and the
reliability of such a test in distinguishing
diseased from healthy persons is best defined by
its sensitivity and specificity. The sensitivity of
a test describes its ability to give a positive
result when the person tested truly has the
disease, and is expressed as a percentage
determined as follows:
Sensitivity =

Number of persons with the disease giving a positive test
Number of persons with the disease who were tested

x 100

It provides a measure of the number of false
negative results that will be given by the test;
the lower the sensitivity the larger the number
of false negative results. The specificity of a test
describes its ability to give a negative finding
when the person tested is free of the disease,
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McKeown was one of the first to draw
attention to the important difference in the
ethical obligations implicit in ordinary medical
practice and when screening is undertaken by
invitation.4 When a patient seeks medical
advice, the doctor's ethical position is relatively
simple: he or she undertakes to do his or her
best with the knowledge and resources that are
available at that time. He or she cannot fairly be
criticised when the state of medical knowledge
or limitation of resources does not permit
effective treatment of the patient's condition.
The position is quite different in classic screening, when a doctor or health authority takes the
initiative and seeks out people with no overt
symptoms of disease and invites them to
undergo investigation to see whether a
particular condition is present. In this
circumstance there is a presumptive undertaking not merely to identify the abnormality if
it is present, but also to ensure that those
affected will derive benefit from subsequent
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and is also expressed as a percentage figure
determined as follows:
Specificity -

Number of persons without the disease giving a negative test
Number of persons without the disease who were tested

100

It provides a measure of the false positive rate
that will be encountered.
The sensitivity and specificity of each test
proposed for screening purposes should ideally
be established before its application, by means
of a pilot programme carried out on a representative sample of the population.6 The whole
of this sample needs to be investigated by the
best available diagnostic procedures for the
disease which the screening test is designed to
detect. Having validated the test in this pilot
survey, its subsequent application in the
screening programme must be checked to
ensure that its reliability is being maintained in
routine operation. Because of the effort required
and the difficulties encountered in establishing
the sensitivity and specificity of screening tests,
it is not surprising that the values are often not
determined. The consequence for screening
programmes of not having such information is
very undesirable. For example, the inadequate
sensitivity and specificity of urine testing for
screening for diabetes mellitus was only
discovered when it became apparent that cases
were being missed and many others were being
referred for glucose tolerance tests that proved
normal.78
Apart from reliably detecting persons with
the disease and producing few false positive
results, the ideal test should be safe, simple to
administer, capable of use by paramedical and
other personnel, quick to perform, relatively
inexpensive, acceptable to the population, and
it should give reproducible and reasonably
accurate results.36 Unfortunately it is not
always possible to satisfy all these requirements; for instance, tests providing greater
accuracy may be more expensive, and ease of
use is not always paralleled by reliability of
performance, as has been shown with simple
urine tests.9 Thus the Phenistix test that was
used for screening for phenylketonuria had the
advantage of being simple, easy to perform,
readily accepted and cheap, but it missed
between 25% and 50% of cases,'0 1' and serum
cholesterol measurements made with certain
easy to use desk-top analysers, while precise,
have been shown to be significantly lower than
the values obtained with reference methods.'2
Reliability and acceptability are overriding
requirements, but the final choice of test must
often be based on compromise.
When there is a choice between a quantitative and qualitative test, the former is
preferable, because performance can be
monitored much better by quality control
procedures, and where the screening
programme is repeated the results can be
compared, enabling small but significant trends
to be detected.
Organisational problems

CHOICE OF POPULATION FOR SCREENING
ENSURING RELIABILITY OF TEST RESULTS

High standards of practice are essential
throughout the preanalytical, analytical, and
post-analytical phases of the testing procedure,

The effectiveness of a screening procedure will
be affected by the choice of population for
scrutiny. In 1974 Holland concluded, after
reviewing the evidence in a series of articles on
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because a small deviation from the true value
may be of much greater importance in the
screening situation than during the routine
investigation ofpatients. Standardisation ofthe
conditions of specimen collection may
therefore become of greater importance than in
routine work. In this context the highly
significant effects of venous occlusion, posture,
and prior exercise on analyte concentrations in
plasma must not be forgotten. In cervical
cytology screening many smears are claimed to
be technically unsatisfactory."
Errors arising from mislabelling of
specimens in the preanalytical phase or from
clerical errors at the reporting stage cannot be
picked up so readily in the screening situation
because previous results will seldom be available to enable a delta check to be made.
Consequently extra care has to be taken by
those involved in the labelling of specimens and
all other stages of the documentation.
Normal laboratory quality control measures
and participation in external quality assurance
schemes should detect poor performance
arising during the analytical phase, but they
need to be stringently applied to pick up the
lesser deviations that can be tolerated in
screening results. One of the problems arising
in this context is the relative infrequency with
which quality assurance specimens are available for analysis. This caused delay in the
detection of a standardisation problem which
was encountered in my own laboratory during
the performance of serum a fetoprotein assays
for a screening programme for Down's syndrome. In cytology there has recently been
severe criticism of the lack of quality control,
and schemes for periodically assessing the
competence of individual screeners are now
being introduced, but a serious difficulty is that
agreement among competent observers is not
good. "
Analytical imprecision when the test is
performed by non-laboratory personnel outside the laboratory is a cause for concern.'5
Recently Broughton et al reported on the
scatter of cholesterol results obtained on
quality control specimens by 69 general practices which were equipped with a sophisticated
desk-top analyser'6; on one serum specimen the
values varied between 4-8 and 8-7 mmol/l and
8-6% of the results were 1 mmol/l or more
adrift from the target value. This performance
is worrying enough, but what will happen when
high street testing gets under way is grim to
contemplate.
Changes of method during screening
programmes extending over prolonged periods
of time can only be tolerated if comparability of
the results has been unequivocally shown.
Observer variation in the assessment of
qualitative tests should, likewise, be kept to a
minimum by avoiding changes in personnel.
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Table I Effect of disease prevalence on predictive value ofpositive result (0% of true
positives/all positives) for a test of 95% sensitivity and 95% specificity
Findings among a population of 10000
No of true
positive
results

No offalse
No without positive
results
disease

1
2
5
10
20
50
75
100

100
200
500
1000
2000
5000
7500
10000

95
190
475
950
1900
4750
7125
9500

9900
9800
9500
9000
8000
5000
2500
0

495
490
475
450
400
250
125
0

Total No
of positive
results
590
680
950
1400
2300
5000

7250
9500

Predictive value
of a positive
result
16 1
27 9
50 0
67 9
82 6
950
98 3
100 0

Table 2 Effect of disease prevalence on predictive value of a negative result (0% of true
negatives/all negatives) for a test of 95% sensitivity and 95% specificity
Findings among a population of 10000

(0%)

No with
disease

No offalse
negative
results

No of true
No without negative
results
disease

1
2
5
10
20
50
75
100

100
200
500
1000
2000
5000
7500
10000

5
10
25
50
100
250
375
500

9900
9800
9500
9000
8000
5000
2500
0

Disease
prevalence

9405
9310
9025
8550
7600
4750
2375
0

Total No
of negative
results

Predictive value
of a negative
result

9410
9320
9050
8600
7700
5000
2750
500

99-9
99 9
99 7
99 4
98 7
950
86-4
0.0

screening, that total population screening
seemed hard to justify for any condition save
phenylketonuria, '7 but congenital hypothyroidism would be added now.'8 The
advantages of selecting a population at risk in
terms of increasing the predictive value of a
positive screening test result-that is, the
likelihood that a subject found to have a
positive test result will actually be found to
have the disease-are shown in table 1. This
quotes data from Vecchio"9 relating to a test of
95% sensitivity and 95% specificity, and shows
that the predictive value rises steeply as the
prevalence increases. By contrast, the predictive value of a negative test result-that is, the
percentage of all negative test results that will
turn out to be true negative results-is not
significantly affected by the prevalence of the
disease in the population until it becomes very
high (table 2). There is much to be said,
therefore, for selective screening, inviting only
those with recognised risk factors to take part,
and the lower the specificity or sensitivity of a
screening test the more important it becomes to
select a high risk population. For instance, if
screening for diabetes is contemplated it would
be most profitable to concentrate on those over
50 years, those with a family history of the
disease, and women who have had more than
six children or infants weighing over 4 5 kg at
birth.20 Similarly, if cholesterol testing is to be
considered in relation to the prevention of
coronary disease it would be best to select those

PUBLIC APATHY AND RETICENCE

Poor participation adversely affects the
effectiveness of screening programmes and
limited public interest seems to be common
even when intensive publicity campaigns have
accompanied the operation. Among screening
trials in the United Kingdom, only 67% were
persuaded to participate in the Bedford
diabetic screening campaign,24 50%0 in a
cervical screening programme in Aberdeen,25
and, according to age group, between 36% and
53% in a screening project in a general practice
in Hertfordshire.lo
In Britain between a third and a half of all
women at risk of developing cervical cancer
have never been screened.'4 Factors that have
been recognised as contributing to nonattendance for screening include ignorance of
the availability of the test, fear of the test and
the disease, lack of female staff to take the smear,
inconvenient location and time of testing,
problems of communication with those who
cannot read or do not speak English, and failure
to receive an invitation to have the test. 14 27
The failure of cervical screening to appeal to
the women who need it most28 has led to various
attempts to persuade older women of high
parity and low socioeconomic status to take
part. Unfortunately high risk groups often
embrace the socially inept who are the hardest
to reach. Carruthers et al offered them a "do-ityourself' vaginal pipette,-2 and Osborn et al
nurses to visit them to take the smears at
home,30 but the advantage of the small
extra yield of participants achieved by these
approaches was offset by the decreased sensitivity of the testing and the loss of opportunity
for diagnosing other diseases.3' Johnston has
recently suggested that better information on
the function and relevance of the test needs to
be provided, that all eligible women should be
personally invited to attend and, bearing in
mind that child minding and time off work may
need to be arranged, that a choice of appointment and venue should be offered.32 She also
suggested that the fact that some women prefer
to have the smear taken by someone other than
their own doctor needs to be taken into
account.
Recruitment into screening programmes
might be improved by the opportunistic
approach. In the context of blood cholesterol
testing, in a study involving four centres in
England and Wales, Mann et al found that the
uptake of testing was 91-94% when the
approach was opportunistic, and 36-63%

with a family history of cardiovascular disease
under the age of 50, those with xanthomas, or when by invitation.33 Other attractions of
xanthelasmata, or a corneal arcus at an early opportunistic screening are that the patient
age, those who are 30% above their ideal incurs no extra time or travel costs and that
weight, or who are diabetic.2' Examples of the general practitioner is saved the expense
selective screening programmes applied to high and trouble of identifying those who are elirisk groups include the screening of pregnant gible and issuing invitations. Opportunistic
screening has the disadvantage, however, that
women for symptomless bacteriuria,22 the
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(0%)

No with
disease

Disease
prevalence

regular cytological examination of urine
specimens from workers in the rubber and
dyestuffs industries for signs of malignancy,23
and the haematological investigation of those
working with ionising radiations for signs of
marrow depression.

Screening for presymptomatic disease

it will miss those who consult their doctor
infrequently.
CHOICE OF SINGLE OR MULTIPLE SCREENING

PROVIDING DIAGNOSTIC AND TREATMENT
FACILITIES

The technology and expertise of the hospital
service and the continuity provided by the
general practitioner are essential for diagnosis,
follow up, and treatment. The load on those
involved in these aspects must be estimated in
advance and the availability of the necessary
resources assured. When necessary, the rate of
screening must be adjusted to match the
resources available. In early trials of screening,
planning was often deficient in this respect. For
instance, Keen reported that the blitzkrieg
approach used in the Bedford diabetes screening trial resulted in a local epidemic of the
disease and placed an enormous strain on all the
facilities for many months.35 If mass cholesterol
testing based on current recommendations is
introduced in the United Kingdom, the
numbers of individuals who would require
counselling regarding risk factors, or medical
supervision of dietary or drug treatment, would
exceed 50% of the population36 and obviously
existing facilities would be overwhelmed.
REPEATING SCREENING

Once started, screening should be a continuous
process that progressively covers more of the
chosen population, becomes organisationally
more efficient, and is eventually accepted as part
of normal medical care. Repeated screening is,
however, critically dependent on a first class
record system that ensures that the participants
are reminded when they should reattend. The
failure of the United Kingdom cervical cancer
screening service, which aims at rescreening at
three to five year intervals, is partly attributable
to the deficiencies of the call and recall systems.
Based on the experience in Tayside, these
should improve after being computerised,27 but
in inner city areas the difficulties of maintaining
up-to-date addresses on the register in the face
of the considerable mobility of the population
will remain a major problem; in Manchester
and Salford up to a quarter of the addresses on

the register are incorrect. 4 Unfortunately, even
when participants can be contacted, it has been
found that the response to recall is least among
those at high risk.3'
Interpretation problems
DECIDING WHICH RESULTS REQUIRE FOLLOW UP

The use of quantitative measurements for
screening purposes has drawn attention to the
difficulty of differentiating between results
which require further investigation and those
which do not. For most tests the results fall into
a more or less continuous distribution curve, a
bimodal distribution with a deep trough between two peaks that separates the results of
those who are healthy from those who are
diseased, rarely being seen. In ordinary
medical practice the clinician can decide to
ignore test values of doubtful clinical importance, but with screening there is no such fallback position and a d-ecision has to be made on
where to draw the dividing line between
further action and no follow up being required.
A common solution has been to make use of a
reference range.
One of the commonest approaches to setting
the reference range for a test is to describe it in
terms of the mean value plus or minus two
standard deviations of the results obtained in a
healthy population. Another approach, used
when the distribution of results is not Gaussian, is to define it in terms of percentiles, the
reference range then being quoted as extending
between the 2 5 and 97 5 percentiles. With
both methods there is a 5% chance that the
results of a test on a perfectly healthy person
will fall outside the reference range. In the early
days of screening, more than 5% of healthy
persons were liable to be misclassified as abnormal because single global reference ranges were
used for all participants, the effects of
physiological variables not being appreciated.37
We now know that a multitude of reference
ranges must be used, to allow for the influence
of the participants' sex and age,38 and that this
only becomes practical if a computer is used to
interpret the results.39
Despite the refinement of allowing for sex
and age effects, using a statistical basis to define
"normal" ranges has dire consequences for
screening programmes where multiple independent tests are used. Thus the probability
that the results of two independent tests on a
healthy person will both be in the reference
ranges is 0 95 x 0 95, and the probability that n
independent tests on a healthy person will all be
in the reference ranges is 0-95'. It follows from
this that if five such tests are carried out on a
healthy person the chance of "abnormality"
being found is 23%, with 10 tests the chances
become 40%, and with 20 tests they would be
64%. The choice of using twice the standard
deviation is, of course, quite arbitrary, and to
lessen the burden of follow up that arises,
Schoen and Brooks proposed that the "normal" range for each test should be defined as a
function of the number of tests in the screening
procedure, such that 95% of those who are
healthy would always end up as being declared
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From the participants' and organisers' point of
view, and in the interests of economy, there are
obvious advantages in screening for several
diseases at the same time. There are drawbacks
in this approach, however, when each screening procedure only gives a reasonable yield in a
selected population group of particular sex,
age, or occupation. It must also be recognised
that the ratio of benefits to hazards offered by
each test is not altered in multiple screening,
and when several tests are combined, the
benefits of the appropriate test for a particular
participant may be offset by the hazards of the
others. In many circumstances, therefore,
applying several tests simultaneously may not
be the best choice; indeed, after reviewing
reports of multiphasic health screening
procedures Knox3' concluded that they seemed
to be of little value, particularly in respect of
those who were apparently well.
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THE PHENOMENON OF REGRESSION TOWARDS THE
MEAN

Serum
cholesterol
(mmol/l)

When a subgroup of the population who have
been found to have abnormal results with a
screening test have the investigation repeated,
it will be found that the values obtained tend to
redistribute themselves closer to the population mean.3742 This phenomenon of regression
of extreme values towards the mean is often
attributed to laboratory error,37 but in fact it
represents the inevitable consequence of the
combined effects of inherent biological and
analytical variation. The importance for
screening is that some abnormal results will
inevitably prove false positive, and that any
treatment applied on the basis of the initial
result may erroneously he judged to have been
effective.

< 5-2
5 2-65
> 65

Action

Reassure and repeat test in five years
Repeat test now to confirm result
Counsel about diet and risk factors
Measure fasting serum lipids
Institute dietary treatment and monitor
response
Consider drug treatment later if necessary

normal.' Thus if five tests were included the
normal range for each test with a Gaussian
distribution would be the mean plus or minus
2 57 times the SD, with 10 tests the mean
would be plus or minus 2-8 times the SD, and
with 20 tests the mean would be plus or minus
3 02 times the SD. This approach, of course,
increases the chance that true abnormality will
not be recognised. A more practical approach
to the dilemma created by the use of statistically
defined reference ranges is to routinely follow
up all unexpected results falling outside the
mean plus or minus 3 SD or 99 7% limits, and
only to follow up unexpected results falling
outside the mean plus or minus 2 SD or 95%
limits if the need for such is suggested by other
information. With a computer it would be
quite easy to alert the screener as to which
category the results fell into by flagging each
accordingly.4'

It is apparent that the use of reference ranges
for deciding which results warrant further
action leaves much to be desired. In practice
the value beyond which diagnosis and
intervention should automatically follow can
only be decided from a detailed clinical
knowledge of the natural history of both the
treated and the untreated disease. The value
chosen should reflect the point where currently
accepted treatment begins to do more good
than harm,42 but may also have to take into
consideration the resources that are available
for managing the newly diagnosed.35
Sometimes two arbitrary dividing lines are
drawn to reflect current uncertainties, the
results then being classified into those requiring
no further action, those requiring counselling
and some follow up, and those definitely requiring further investigation. This was done in
relation to diabetic screening by Keen,43 and
the European Atherosclerosis Society,21 and
several other professional bodies have
proposed action levels for cholesterol screening; a simplified version of the latter consensus
proposals is given in table 3. The dividing lines
should be set so that findings above the action
limit have a high predictive value of abnormality, to minimise the number of false positive
results, and even more importantly so that the
"no action" results do not include false
negative ones. The decision on the action level
used ultimately rests, therefore, on a subjective
judgment of many factors, including the
validity of the test results, the seriousness of the
disease being sought, the advantages of early
treatment, and the resources

follow up.

Benefit-related problems
ACHIEVING EFFECTIVE FOLLOW UP

A major problem for mass screening programmes is ensuring adequate follow up of
those identified as being in need of care. After
an interval of 18 months Keen reviewed what
had happened to 117 unequivocal diabetic
patients found in the Bedford diabetes mellitus
screening programme, and concluded that
about half had received inadequate attention.35
Nine had not seen a doctor, 23 had been seen
only once or twice, and 17 three times, and
others had received inadequate treatment.
More recently, Morgan reported that failure to
act on abnormal urine test results found in
outpatient clinics was common,44 and Rastam et
al reported that six months after 424 subjects
had been referred for follow up of an increased
plasma cholesterol, documented on two
occasions, only 65% had been seen.45 Similarly,
disappointing follow up of cholesterol testing
has been recently recorded by Wynder et al.46
Clearly such failures of follow up are unacceptable as they negate the achievement of
the promised benefits, but in some instances
they may reflect negative second thoughts on
the part of the participants.
KNOWING WHETHER TREATMENT OF RISK
FACTORS IS EFFECTIVE

The identification and modification of a risk
factor is inadequate evidence of the effectiveness of a screening programme. For instance, in
cervical screening there is at present no way of
determining which preinvasive lesions will
become malignant, and estimates of progression and regression vary considerably.32 In
coronary disease it has repeatedly been shown
that the risk of developing and dying from
myocardial infarction is directly proportional
to the plasma cholesterol concentration,4749
and it has recently been estimated that the
change in coronary heart disease events following a 1% change in the blood cholesterol
concentration is about 3%.0" The apparent
strength of this correlation, however, diminishes with increasing age, and the mortality
from coronary heart disease increases continavailable for uously, without a threshold, over the entire
range of plasma cholesterol concentrations
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Table 3 Action levels for blood cholesterol screening
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OBTAINING COMPLIANCE WITH TREATMENT

Even when treatment can be counted on to
delay or prevent the development of a disabling
or lethal disorder, it cannot be assumed that
persons who are free of symptoms will adhere
to the regimen prescribed. Success at modifying cigarette consumption or food intake
Table 4 Clinicians' assessments of 11903 requested and 23069 unsolicited biochemical
profile results obtained on 2000 patients at time of admission to University College

Hospital

Percentage

Requested

Unsolicited

Considered abnormal
Considered abnormal with a bearing on diagnosis
Considered abnormal with a bearing on management
Considered abnormal and requiring further investigation
Considered abnormal and can be disregarded

15-1
13-7
59
4-4
2-8

8-6
7-2
1-6
4-3
2-5

Unsuspected disease was revealed by unsolicited tests in 3% of the patients

generally leaves much to be desired and examples of poor compliance to therapeutic
regimens abound-for example, with antibiotics for tuberculosis,64 65 and iron for
anaemia.' Indeed, Sackett has shown that
ambulatory patients are unlikely to take more
than 50% of the prescribed medicines they
receive, and that the amount of information
which patients possess about their illness has
almost no relation to their degree of compliance.67 Such background knowledge
demands a cautious approach to screening.
KNOWING WHETHER SCREENING REALLY ALTERS
OUTCOMES

Often many years elapse before an answer to
this question becomes available. Several
evaluation studies of biochemical profiles performed routinely at the time of admission to
hospital have been reported in this country,
and very different success rates in the detection
of unsuspected disease have been reported,
varying from 0 5% to 8 3% *3768 At University
College Hospital we evaluated the procedure
carried out on 2000 patients by comparing the
clinical value of the 11903 tests that were
requested with those of the 23069 tests which
were added by the laboratory to complete the
profile. The results are shown in table 4 where it
can be seen that the yield of abnormal results
with a bearing on diagnosis was almost twice as
common among the requested tests than among
those that were unsolicited-13-7% compared
with 7-2%. In most cases such results were
providing supporting evidence for an existing
diagnosis, and less frequently they suggested a

complication or a new diagnosis. Unsuspected
disease was indicated by unsolicited tests in 3%
of the patients, but only a minority of these
derived any benefit because less than half the
conditions found were treatable. As a result of
our trial we concluded that the advantages of
such opportunistic screening did not outweigh
its disadvantages in the context of our teaching
hospital practice.
Properly controlled trials to determine
whether cervical smear programmes can reduce
the incidence of invasive cervical cancer were
unfortunately not performed before the service
was introduced. A trial now would be unethical
and consequently the only yardsticks that can
be applied to measure its effectiveness are to
follow the cervical cancer registration and
mortality rates. Unfortunately the increased
numbers of hysterectomies for non-malignant
disease complicates the interpretation of the
data. There is no evidence as yet that the
service has been responsible for any reduction
of the mortality in the United Kingdom.69
Indeed, recently Villard, Murphy, and Vessey
reported that there has been an increase in the
cervical cancer mortality in England and Wales
among 35 to 39 year olds.70 Despite the failure
to show any improvement in the death toll in
the United Kingdom after 40 million smears,'3
many are convinced, from the fall in the
mortality in countries with well organised
screening programmes that reach a high
proportion of the eligible population, that an
efficient system will reduce the incidence of

J Clin Pathol: first published as 10.1136/jcp.44.7.529 on 1 July 1991. Downloaded from http://jcp.bmj.com/ on January 7, 2023 by guest. Protected by copyright.

observed in western countries. Furthermore,
most victims of myocardial infarction are not
severely hypercholesterolaemic, and differences
in cholesterol concentrations do not seem to
account for the appreciably higher mortality
from coronary heart disease in Scotland than in
England.33"5 The relation is complicated by the
interaction of the various other risk factors,
notably smoking, hypertension, and diabetes
mellitus, which multiply the risk of coronary
events. Recently Muldoon et al concluded,
after evaluating six primary prevention trials,
that interventions to lower cholesterol concentrations do not affect overall survival,52 and
consequently it is perhaps not surprising that
many have reservations about the adoption of a
"population" cholesterol testing as opposed to
an "individual high-risk" approach to prevention. The World Health Organisation,3 the
Committee on Medical Aspects of Food
Policy,54 and the Study Group of the European
Atherosclerosis Society,2' however, all
emphasised their complementary nature. The
National Institutes of Health consensus
development conference on cholesterol55
recommended that opportunistic cholesterol
testing should be the normal for all adults, and
both the Working Group on Cardiovascular
Disease ofthe Faculty of Community Medicine
of the Royal College of Physicians56 and the
King's Fund Consensus Conference on blood
cholesterol measurement in the prevention of
coronary heart disease57 recently concluded
that mass testing of blood cholesterol concentrations was not justified. Khaw and Rose have
calculated that a national strategy aimed at
reducing the mean population cholesterol by
0 5 mmol/l by changing national dietary habits
should be more effective,58 and such an
approach should be more practical.59 As drug
treatments are costly and have some highly
undesirable side effects12 this approach has
much to commend it. Genetic influences rather
than dietary excesses, however, may be more
important as an explanation of the universal
hypercholesterolaemia found in western
societies.63 All seem agreed that any initiatives
involving coronary heart disease prevention
must attempt to control all modifiable risk
factors, and give priority to those with a
personal or family history of coronary disease.
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HARM RESULTING FROM SCREENING

Enquiry into the possibility of disease, when no
symptoms are present, may arouse anxiety or
depression. This is tolerable when treatable
disease is actually found but what of those in
whom the sequence of follow up tests, all
negative, leads to needless worry that may
never be fully allayed?74 This should not happen if care is taken to explain the purpose of the
exercise clearly beforehand, and the participants are informed that most of them will be
found to be free of disease. An interview at an
early stage with a doctor, and preferably the
participant's general practitioner, and supportive follow up, seem to provide the best
safeguard in this respect. In any event all
testing should be under medical supervision.

False positive results may occasionally be
responsible for physical morbidity among perfectly healthy participants as a result of
referrals for diagnostic procedures, and false
negative results may cause harm by causing
some participants to ignore the symptoms they
subsequently develop, thereby delaying diagnosis because of the false reassurance given.7"
The lack of a clear dividing line between health
and disease may be responsible for some participants with questionable abnormalities, who
would not ultimately become ill, suffering as a
result of being labelled as diseased or at high
risk, or because of being subjected to unnecessary treatment with its attendant side-effects.
Finally the screening test itself may constitute a
hazard; this applies in the case of screening
involving amniocentesis or repeated mammography.
Ethically there is an obligation to ensure that
a screening programme does more good than
harm to the participants. Obviously everything
possible must be done to minimise iatrogenic
side-effects from the therapeutic regimen prescribed, and to ensure that they and any
detrimental psychological effects do not offset
the benefits of screening.

Financial justification problem
It is important that expenditure on screening is
not incurred to the detriment of provision of
resources for the treatment of overt disease, as
experience to date has shown that periodic
screening programmes can have at best only a
limited effect in the control of non-communicable disease. Because of the difficulties,75 full
cost-benefit analysis has seldom been undertaken and only financial costs and benefits are
usually considered. Generally the cost seems to
be high,50 76 especially when screening requires
to be repeated regularly; for instance, cervical
cytology screening costs about £50 million a
year in the United Kingdom.77 It must also be
appreciated that an inevitable consequence of
improving the survival of people with chronic
disabilities is that the demands subsequently
made on the health service will be increased.
Only in the realm of severe untreatable congenital disorders has screening brought important financial savings,78 79 but such prenatal
screening differs from that aimed at the detection of presymptomatic disease, in that far from
being concerned with the prevention of disability and untimely death, it is undertaken
with the intention of offering termination of
pregnancy.
The recent report of the Standing Medical
Advisory Committee to the Secretary of State
for Health on blood cholesterol testing,50 which
provides a detailed economic appraisal of a
variety of options for identifying and treating
people at increased risk from coronary heart
disease, does give grounds for believing that
savings for the NHS might be realised if one of
the more selective approaches to screening for
coronary heart disease is followed. Some of the
assumptions made for costing purposes could
be challenged, however, and therefore no more
than a large scale and carefully controlled trial
to verify the estimates would seem justified in
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cancer appreciably.697' The failure to attract
high risk women to attend for smear tests
would certainly be expected to contribute to
the apparent ineffectiveness of screening in this
country,'469 but uncertainties as to when and if
treatment of precancerous changes is called for
may also be important.28 32
In the context of the current debate about
whether population blood cholesterol testing
should be undertaken, it is interesting to note
that had the NHS adopted such a policy in
1975, the 25% fall in the mortality from
coronary disease in men and women under 60
years that has taken place since then,50 could
mistakenly be assumed to be a direct consequence of such screening. Carefully controlled trials are essential before screening
programmes are introduced.
The usual methods of measuring survival are
unable to answer the question of whether
treatment begun as a result of early diagnosis
through periodic health screening is effective or
worthless. An increased five year survival rate
cannot be assumed to imply a benefit from
earlier treatment, because as Feinleib and
Zelen point out, it may merely reflect the fact
that the starting point for the survival
measurement has been put back from the usual
time of diagnosis to the point at which early
diagnosis can be achieved.72 Selecting an
unusually early starting point for measuring
survival guarantees an increased survival rate,
even if the treatment does no good, and
producing earlier diagnosis without delaying
death is only acceptable if othei adverse effects
of the disease can be mitigated.
Studies of certain malignant diseases, such as
cancer of the breast, colon, and rectum, have
shown that those who have a long preclinical
stage also tend to have a long clinical course,
despite late treatment; conversely, patients
with short preclinical stages tend to have a
relatively short clinical course.73 This correlation also complicates attempts at analysing the
effectiveness of screening.72 Inevitably
laboratory screening programmes will be more
likely to pick up those whose disease has a long
preclinical course, and consequently those
diagnosed as a result of screening are virtually
guaranteed longer clinical stages and better
short time survivals than those diagnosed in the
usual manner.
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strategies and a knowledge of the resources
available, less empirical and more rational
decisions as to how to proceed should become
possible in the future.
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Conclusions and recommendations
Many formidable problems may be encountered when implementing screening for
presymptomatic disease. The most fundamental of these relates to the difficulty of persuading
the public that the procedure may be relevant
and valuable to them. As a consequence the
potential benefits are seldom fully realised in
practice, and I would like to make the following
recommendations:
1
Screening should only be undertaken
when Wilson's 10 guiding principles can
be satisfied.
2 Screening should not be adopted until
carefully controlled trials have been fully
evaluated, and its effectiveness has been
established both in medical and economic
terms.

3 Screening should only be undertaken
under medical supervision.
4 Screening test procedures should be
carried out to the highest standards and
with meticulous quality control.
5 Selective screening of high risk subgroups
of the population should be preferred.
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