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New concepts in screening
J A Muir Gray 

Summary
All screening programmes do harm; some do
good as well

ALTHOUGH screening is often delivered by clinicians,
screening programmes are public health services that

need to be managed at the level of a large population to
monitor quality effectively. In the United Kingdom (UK) this is
carried out by the National Screening Committee.

The first task of the National Screening Committee is to use
research evidence to identify programmes that do more good
than harm. The second is to make policy recommendations
about those programmes that will do more good than harm at
reasonable cost, focusing on opportunity cost; that is, the
professional time involved, as well as the financial cost.

When it has been decided to introduce screening, using
criteria based on the Wilson and Jungner WHO criteria,1

care has to be taken to ensure that the programme is set up
in a way that will minimise harm and maximise benefit.

In policy making the evidence for screening is often limited
because of the rarity of the conditions being screened for,
which minimises the contribution that the randomised
controlled trial can make, but emphasises the need for a
systematic review of the evidence.

Screening is a programme, not a test
Screening programmes, formerly called secondary preven-
tion, should be set in the context of primary prevention and
good diagnostic and treatment services; screening pro-
grammes are part of disease control programmes. This prin-
ciple is particularly important when communicable disease
is the focus of screening. Increasingly the emphasis is on
identifying people at high risk rather than single risk factors.

Screening is managed on the principles of total quality
management which involves the need to continually strive to
prevent errors, identify those errors that do occur for effective
action, help those involved in screening improve their perfor-
mance, and set and re-set standards at a national level.

The term ‘screening’, although deeply embedded in pro-
fessional and public consciousness, is not particularly helpful
in the 21st century. The original meaning of the word ‘screen’
was a sieve, something with holes in it, and all screening pro-

grammes have false positives and false negatives. In the 20th
century, however, the word ‘screen’ came to mean something
without any holes in it and public expectation has evolved to
such a degree that false positives and false negatives are
automatically assumed to be due to clinician or programme
error and to therefore provide a basis for litigation.

Introduction
The management of screening is a public health service and
consists of a limited number of tasks, notably:

• identifying programmes that do more good than harm;
• estimating which programmes do more good than

harm at reasonable cost;
• ensuring that each programme is introduced and

delivered at a sufficient level of quality to reproduce the
levels of benefit and harm that were found in the
research setting in ordinary service settings.

These are the key responsibilities of the UK National
Screening Committee, which has been developing a new
approach to screening since its foundation in 1997.

Criteria for screening policy
The criteria developed by Wilson and Jungner1 have stood
the test of time very well and were adopted by the National
Screening Committee even though they were published
about 30 years earlier (Box 1).

There was concern, however, about the use of these crite-
ria because of changing thoughts on evidence and the eval-
uation of programmes. The Wilson and Jungner criteria
were very welcome following the hubris of the early 1960s,
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• The condition sought should be an important health
problem.

• There should be an accepted treatment for patients with
recognised disease.

• Facilities for diagnosis and treatment should be available.
• There should be a recognisable latent or early symptomatic

stage.
• There should be a suitable test or examination.
• The test should be acceptable to the population.
• The natural history of the condition, including development

from latent to declared disease, should be adequately
understood.

• There should be an agreed policy on whom to treat as
patients.

• The cost of case finding (including diagnosis and treatment
of patients diagnosed) should be economically balanced in
relation to possible expenditure on medical care as a whole.

• Case finding should be a continuing process and not a
‘once and for all’ project.

Box 1. Criteria for appraising screening developed in the 1960s.1



during which multiphasic screening had been introduced in
many countries without adequate evaluation. Useful though
they were, however, these criteria did not meet the needs of
the late 20th century, in particular because:

• insufficient emphasis was given to the harm caused by
screening in an era in which concern about harm, and
the possibility of litigation, was much higher;

• the strength of the evidence required to support the
claim of benefit was not sufficiently clear;

• the opportunity costs of screening rather than the avail-
ability of resources had become an increasing issue as
all societies were faced by the challenges posed by an
ageing population, new technology, and rising demand.

Because of this the National Screening Committee devel-
oped a new set of criteria focusing on four main questions:

• Do we understand the natural history of the disease?
• Is there a good screening test?
• Is there an effective treatment?
• Is the programme acceptable to the population.

These criteria are set out in Box 2.

Appraising evidence
The development of new thinking about evidence is of cen-
tral importance and, for this, the National Screening
Committee was able to look to the broader debates about
evidence stimulated by the evidence-based decision-making
movement and the Cochrane Collaboration. In a hierarchy of
evidence, a systematic review of randomised controlled trials
is usually placed at the top. Even this, however, does not
resolve disputes, because value judgements are involved in
the selection or rejection of trials to be included in a system-
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The condition
1. The condition should be an important health problem.
2. The epidemiology and natural history of the condition, including development from latent to declared disease, should be adequately

understood and there should be a detectable risk factor, disease marker, latent period or early symptomatic stage.
3. All the cost-effective primary prevention interventions should have been implemented as far as practicable.
4. If the carriers of a mutation are identified as a result of screening the natural history of people with this status should be understood,

including the psychological implications.

The test
5. There should be a simple, safe, precise and validated screening test.
6. The distribution of test values in the target population should be known and a suitable cut-off level defined and agreed.
7. The test should be acceptable to the population.
8. There should be an agreed policy on the further diagnostic investigation of individuals with a positive test result and on the choices

available to those individuals.
9. If the test is for mutations the criteria used to select the subset of mutations to be covered by screening, if all possible mutations

are not being tested for, should be clearly set out.

The treatment
10. There should be an effective treatment or intervention for patients identified through early detection, with evidence of early treatment

leading to better outcomes than late treatment.
11. There should be agreed evidence-based policies covering which individuals should be offered treatment and the appropriate

treatment to be offered.
12. Clinical management of the condition and patient outcomes should be optimised in all healthcare providers prior to participation in

a screening programme.

The screening programme
13. There should be evidence from high-quality randomised controlled trials that the screening programme is effective in reducing

mortality or morbidity. Where screening is aimed solely at providing information to allow the person being screened to make an
‘informed choice’ (for example, Down’s syndrome and cystic fibrosis carrier screening), there must be evidence from high-quality
trials that the test accurately measures risk. The information that is provided about the test and its outcome must be of value and
readily understood by the individual being screened.

14. There should be evidence that the complete screening programme (test, diagnostic procedures, treatment/intervention) is clinically,
socially, and ethically acceptable to health professionals and the public.

15. The benefit from the screening programme should outweigh the physical and psychological harm (caused by the test, diagnostic
procedures and treatment).

16. The opportunity cost of the screening programme (including testing, diagnosis and treatment, administration, training and quality
assurance) should be economically balanced in relation to expenditure on medical care as a whole (ie value for money).

17. There should be a plan for managing and monitoring the screening programme and an agreed set of quality assurance standards.
18. Adequate staffing and facilities for testing, diagnosis, treatment, and programme management should be available prior to the

commencement of the screening programme.
19. All other options for managing the condition should have been considered (for example, improving treatment and providing other

services), to ensure that no more cost-effective intervention could be introduced or current interventions increased within the
resources available. 

20. Evidence-based information, explaining the consequences of testing, investigation, and treatment, should be made available to
potential participants to assist them in making an informed choice.

21. Public pressure for widening the eligibility criteria for reducing the screening interval, and for increasing the sensitivity of the testing
process, should be anticipated. Decisions about these parameters should be scientifically justifiable to the public. 

22. If screening is for a mutation, the programme should be acceptable to people identified as carriers and to other family members.

Box 2. Criteria for appraising the viability, effectiveness and appropriateness of a screening programme — 2003.1-7



atic review. This topic was most fiercely argued in the debate
about breast cancer screening. In this debate, a review in the
Lancet suggested that the evidence for screening had been
biased by the inclusion of trials of low quality.8 A vigorous
exchange of letters took place in the Lancet’s correspon-
dence column and the issue was reviewed by the
International Agency for Research on Cancer, which pub-
lished a report 2 years later.9 The conclusion of this report
was that:

‘… the trials have provided sufficient evidence for the 
efficacy of mammography screening of women between
50 and 69 years. The reduction in mortality from breast
cancer among women who chose to participate in
screening programmes was estimated to be about 35%.
For women aged 40–49 years, there is only limited 
evidence for a reduction.’

The limitations of randomised controlled trials
In many screening programmes; for example, those that
may lead to termination of pregnancy, such as screening for
Down’s syndrome, the randomised controlled trial is not an
appropriate type of study design and other forms of evi-
dence, including modelling, are used. The most striking
example of this has been the serum, urine and ultrasound
screening study, which reviewed the outcome of antenatal
testing for Down’s syndrome screening and then used mod-
elling to estimate the impact of different screening policies.10

Furthermore, many studies have focused on the benefits
of screening, and the need to focus on harm was also
emphasised by the National Screening Committee, aware of
the fact that controlled trials with enough power to identify
the benefit of screening may not have sufficient power to
identify the harm.

Limited evidence about harm
Evidence about harm is now required by the National
Screening Committee, but it is not always clearly stated in
research studies carried out in the 1980s and 1990s.

The fact that screening is offered to people who are appar-
ently healthy is obviously one hallmark screening. Another
important hallmark is the fact that side effects can occur in
people for whom there is no possibility of benefit. In clinical
practice, a person with a health problem who seeks the help

of a clinician accepts the risks that treatment might involve,
once they have been properly explained to them. In the case
of screening, some people experience adverse effects but
do not have the disease for which they have been screened
(group D in Figure 1). For example, it is theoretically possi-
ble that a person without colorectal cancer could have their
colon perforated during colonoscopy and die (Figure 1).

For this reason, it is important to gather evidence about
harm, both common psychological harm, which is usually
transient, and rarer and more serious forms of harm that
may occur.

The need to calculate opportunity costs
The question, ‘Would you spend £35 million on breast can-
cer screening?’ may bring about a different answer to that
from the question, ‘If you had £35 million to spend on breast
cancer control, would you spend it on screening?’.

The new criteria of the National Screening Committee
seek to address the opportunity costs by considering
whether or not the resources that might be made available
for screening would be better invested in either primary pre-
vention or treatment services. Furthermore, as the scarcest
resource in health services becomes staff and not money, it
is important to consider whether or not the investment of
resources would not be better channelled into some other
intervention designed to reduce the burden of the particular
disease, or to reduce the burden of disease in the particular
population that might be served by a screening programme.  

The appreciation of opportunity costs forces screening
programmes to identify new ways of delivering services. The
newborn hearing screening programme has, for example,
developed a completely new type of health worker, without
traditional professional qualifications, to carry out screening
tests. In primary care, receptionists could be trained to take
blood samples or measure blood pressure.

New concepts in population disease control
One of the aims of screening is to control a disease at the
population level. When screening techniques were first
developed, health care largely consisted of individual con-
sultations by clinicians who worked either in primary care or
in hospitals, and who were isolated and remote from other
hospitals. Since that time a number of changes have taken
place.

The development of clinical networks has introduced ‘sys-
tems thinking’ to clinical care, setting the consultation in the
context of other levels of care. The influential report from the
Institute of Medicine called Crossing the quality chasm
describes four levels of care11: 

• Level 1 — the consultation.
• Level 2 — the microsystem; for example, the morning

surgery.
• Level 3 — the organisation; for example, the hospital.
• Level 4 — the world of regulations, policies and 

guidelines.

Screening, therefore, can now fit more clearly into a sys-
tematic approach to disease control, and the concept of
disease control is one that developed in poorer countries
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Figure 1. Benefits and side effects in screening.

Disease

Present Absent

Do not occur A B
Adverse
effects

Occur C D



with examples such as the schistosomiasis control pro-
gramme, and the malaria control programme. This type of
planning, called vertical planning, was often disparaged by
people, particularly in the UK, where it was felt that horizon-
tal planning; namely, organising primary care and sec-
ondary care, was more important. The truth, of course, lies
somewhere in the middle. Many countries have now adopt-
ed a disease control model where, with the basis of a good
platform of high quality primary care, disease control pro-
grammes are introduced. These are called National Service
Frameworks in England. However, systems thinking is also
influencing screening within the context of disease control
programmes in a number of different ways.

Reducing population risk by primary prevention
The National Service Framework for coronary heart disease
in England marked a shift away from the medicalisation of
cardiac risk factors by emphasising that the top priority was
to promote primary prevention among people who did not
have heart disease.

This reflects the strategy advocated by the late Professor
Geoffrey Rose in his influential book Strategy of preventive
medicine.12 Rose’s approach would not be to seek out indi-
viduals with high blood pressure, but to try and reduce the
body mass index of the whole population, or even the mean
weight of the population by 2 or 3 kg, because most strokes
occur in people who have not been identified in high-risk
screening strategies. The health benefits that would result if
the mean weight of the population was reduced by 10%
would be dramatic.13

This led to another important concept — the focus on
person-based rather than risk-based screening.

Identifying people at high risk
The National Service Framework emphasised the need to
identify people who already had heart disease, picking up on
the intriguing statement by Professor Nicholas Wald who said
that: ‘The best screening test for heart disease is the question
“Do you have heart disease?”’.

Epidemiological evidence has been gathered to support

this approach. The heart protection study, for example,
demonstrated that the group who benefited most from cho-
lesterol reduction were people with heart disease, whatever
their initial level of cholesterol.14-15 The issue, therefore, was
not to identify people with a single risk factor and judge
intervention on the basis of that risk factor, but to identify
people who would benefit from a wide range of measures to
reduce risk.

This was complemented by the development of risk factor
calculators, which would allow the overall risk of an individ-
ual to be measured, and by suggestions that what was
needed was a ‘polypill’ — a pill that would assume that
everyone over a defined age was at risk of vascular disease
and seek to reduce that risk by small amounts of active
pharmacological treatments, each delivered at a dose high
enough to have a beneficial effect but low enough to min-
imise side effects.16 This also led the National Screening
Committee to introduce a pilot project to reduce the risk of
diabetes and vascular disease by using two questions as
screening tests:

• Do you have diabetes?
• Do you have heart disease or any other form of vascular

disease?

On the basis of the answers to these questions, the pop-
ulation could be divided into four groups: those who had
heart disease and those who had diabetes, both of which
already received risk reduction, and those who did not
have heart disease or diabetes, which received advice to
try and change their lifestyle, although the contribution of
professional advice was relatively limited. The use of these
screening tests, and the 2 ∞ 2 box that resulted from it,
allowed the identification of individuals at particularly high
risk to be screened for diabetes, and in the pilot project,
the presence of a family history or a body mass index of
over 25 is being used (Figure 2).17

Thus, this concept of screening focuses more closely on
populations at risk rather than on risk factors. This concept
for disease control is also relevant when screening for
infectious diseases.

Chlamydia control
A proposal was made to screen for chlamydia, and the 
initial proposal suggested that a screening test be offered
every 2 years. Communicable disease control is different
from the control of non-communicable disease, however,
because if an individual does not have the disease on test-
ing, there is only one way in which that person can sub-
sequently test positive — by infection from a person who
already has the disease. Thus, the model of screening for
non-communicable disease is not directly applicable to
screening for communicable disease. The testing of asymp-
tomatic people, piloted by the National Screening
Committee in its chlamydia pilot programme, which took
place in two populations in England, included asymp-
tomatic testing, but this was part of a broader set of 
measures to control the communicable disease, including
the promotion of primary prevention and the effective 
follow-up and treatment of those who tested positive.18
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Figure 2. Clinical detection and screening scenario.
Amended from Adler et al, 2003.17

All individuals aged 40 years and over

Have you had:
a heart attack, angina, stroke,
transient ischaemic attack, pain 
in your calves on walking that is
relieved at rest, an operation to
bypass the arteries of your heart,
neck or legs?

A: prevent further manifestations of cardiovascular disease
(CVD) and diabetes

B: prevent further manifestations of CVD, screen diabetes
C: prevent CVD, prevent complications of diabetes
D: screen for diabetes in selected people and prevent CVD

Yes No

Yes

No

Do you have diabetes?

A B

C D



New concepts in management
Screening is a programme, not a test; this is one of the
problems that the health service has with private sector
screening, where all too often an individual is offered a test,
but the investigation and reassurance of those who test
positive is then transferred to the National Health Service.

Programme management is essential to ensure quality,
and quality is essential to ensure more good than harm is
achieved. Screening policy is based on research findings,
but there is growing evidence that the level of care 
delivered in a research study is better than the level of care
delivered in an ordinary health service setting, for the con-
trol group as well as for the intervention group. For this rea-
son, it cannot be assumed that the levels of benefit and
harm achieved in a research setting will be reproduced in
the ordinary service setting. Similarly, it cannot be
assumed that the level of quality that was achieved by the
research workers can be reproduced in service. In a 
typical research study covering half a million people, a 
number of highly dedicated professionals achieve levels of
organisation and technical skill that will have to be repro-
duced by a hundred times as many staff to cover a pop-
ulation of 50 million. The relationship between quality and
harm, and the need for explicit national standards is 
illustrated in Figure 3.

It is very difficult for any individual programme to work in
this way. The balance between good and harm is very fine in
screening and it is therefore essential for programmes to be
able to compare their performance with the performance of
other programmes. This requires national management.

Nationally managed programmes have a number of com-
mon characteristics, set out in Box 3.

The national management of a programme involving 
millions of people being screened and thousands of health-
care professionals is complicated, but a core principle of the
work of the National Screening Committee has been to ‘sim-
plify, simplify, simplify’. Almost all screening programmes
follow the pattern shown in Figure 4.

Screening programme managers are not directly respon-
sible for the quality of treatment services, but it is irresponsi-
ble to set up a screening programme without considering
the quality of treatment and taking such action as is possi-
ble to make it more systematic and to improve the quality of
treatment offered to those identified as having the disease.

296 British Journal of General Practice, April 2004

J A M Gray

National screening programmes:
• cover a defined population;
• have a simple set of objectives;
• develop valid and reliable criteria to measure performance

and produce an annual report;
• relate performance to explicit quality standards;
• organise quality assurance systems to help professionals

and organisations prevent errors and improve performance;
• communicate clearly and efficiently with all interested 

individuals and organisations;
• coordinate the management of these activities, clarifying

the responsibilities of all individuals and organisations
involved.

Box 3. Features common to all national screening programmes.

Figure 3. The balance of benefits, harm and quality.

Effect of
screening 
programme:

Amount of
good
Amount of
harm 

Low

Low

High

High
Quality

A Minimal acceptable quality: programmes that fall below this standard require
remedial action.

B Good quality: achievable by the majority of programmes.
C Excellent quality: achievable in research settings or by top 5% of programmes.

A B C



Some screening programmes are even simpler; for
example, the identification of the blood pressure level leads
to treatment being introduced on the basis of blood pres-
sure measurement alone; there is no explicit diagnostic test
for high blood pressure (Figure 5).

A nationally managed programme has management
arrangements for programme monitoring and quality
assurance. A number of other programmes take place
across the country as a whole, but are managed locally
without national systems of quality assurance.

Quality assurance in screening
Quality assurance in screening is kept relatively simple and
embraces four inter-related activities:

• the prevention of error by good staff training and
selection, and the purchase of good quality equipment;

• the identification of errors, with rapid action to minimise
their adverse effects;

• continual performance improvement on the part of
professionals and screening programme teams;

• the setting and re-setting of national standards for
screening.

This systems-based approach to screening is effective in
assuring quality, but has been criticised for its production-
line approach. It is true that the basic principles and 
practices are based on the techniques of quality assurance
developed by the Japanese car industry, but the develop-
ment of this systems-based approach has been accomp-
anied by a radical rethinking of the philosophy of screening,
with a move away from a utilitarian population-based
approach to one that focuses on the needs, fears, and
desires of the individual.

Screening or risk management?
Screening is a public health service delivered by clinicians
to individuals. From its earliest days screening has been
promoted as part of the public health service, and decision
making has been based largely on utilitarian grounds; that
is, on the needs of populations and the benefits to popula-
tions. If, for example, a programme would benefit a 1000
people and harm 20, the net benefit of 980 people would be
regarded as evidence on which a programme could be con-
sidered for introduction.

An alternative scenario, based on utilitarianism, is that if a
programme was of benefit to only a very small number of
people it would not be offered, even if those individuals felt
very strongly that they would benefit. The difference
between these two approaches is well described in an
analysis of decision making about breast cancer in the
United States and Canada.19 Screening for rare diseases
does take place and is increasing, but screening for rare
diseases is based on evidence of benefit for the small num-
ber of people that would be detected. More subtle problems
arise when the evidence is not so strong, as is the case for
screening women under the age of 50 years for breast 
cancer or screening for prostate cancer.

The fact that there is no evidence of benefit for these
populations, based on our conventional definitions of

effectiveness, does not mean that an individual might not
benefit. The fact that the effect on a population is too small
to measure indicates the magnitude of the benefit for the
population, but does not exclude the possibility of benefit
for the individual. This has led people to call for the intro-
duction of screening programmes, such as screening for
prostate cancer, because of the possibility of benefit. The
people who call for prostate cancer screening are uncon-
vinced by the epidemiological arguments based on 
concepts such as lead time bias. Even when there is clear
evidence of benefit, the problem posed by the fact that
some people would be harmed without a possibility of 
benefit has caused rethinking about ways in which the 
programmes should be presented.
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Figure 4. The basic elements of a screening programme.
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Figure 5. The basic elements of a screening programme when the
screening test is diagnostic.
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