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PREFACE

The object of screening for disease is to discover those among the appar-
ently well who are in fact suffering from disease. They can then be placed
under treatment and, if the disease is communicable, steps can be taken
to prevent them from being a danger to their neighbours. In theory,
therefore, screening is an admirable method of combating disease, since
it should help detect it in its early stages and enable it to be treated ade-
quately before it obtains a firm hold on the community.

In practice, there are snags. In developing countries there is as a rule
such a vast burden of overt disease that the medical services are over-
whelmingly occupied with the treatment of patients coming to them with
often advanced stages of communicable disease. With so much curative
work to do, they have little time, let alone resources in manpower and
money, to spend on looking for disease in its incipient stages, and their
preventive work consists largely of attempting to improve environmental
conditions.

In the developed countries, the communicable diseases have become
less important as killers than chronic diseases, often of insidious onset,
such as cancer and the cardiovascular diseases. The developed countries
have much greater resources than the developing countries, and can call on
more qualified staff. And the diseases that have now come to the fore are
of such a nature that, if detected early, they stand a reasonable chance
of being cured, whereas if not diagnosed until the patients come to the
doctor with clear-cut symptoms they may be incurable. In developed
countries, therefore, it would seem that the practice of screening for
disease should be widespread. That it is not so to the extent that might
be expected is due to a number of factors, among them the cost of screening
and the tendency in the medical profession to wait for patients rather than
actively to look for disease in the population. Another factor undoubtedly is
inadequate knowledge of the principles and practice of screening for disease.

This book attempts to set out the principles and practice of screening
for disease in a clear and simple way. It was commissioned by WHO
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8 PREFACE

from its authors because screening for disease is now a subject of growing
importance in developed countries, as is evidenced by the controversies
over, for example, cytological testing for cancer of the uterine cervix or
regular medical check-ups of key executive personnel. The book is con-
cerned mostly with the chronic diseases of adults in developed countries.
As communicable disease comes under control in the developing countries,
however, the chronic diseases that occupy the limelight in the developed
countries may be expected to increase in importance in them; in some of
the developing countries this trend has already become apparent. It
may therefore confidently be expected that screening for disease will grow
in importance with time. Some knowledge of its principles and of what
it entails in practice should form part of the intellectual equipment of all
concerned with the-control of disease and the maintenance of health.



INTRODUCTION

The subject of early disease detection is vast and it would clearly be
beyond our capacity to be comprehensive. This account, then, repre-
sents only our personal viewpoint of a rapidly developing aspect of
medicine and the examples we have chosen are ones that have, for one
reason or another, appealed to us personally. There may well be other
examples, equally good or better, that we have omitted. (We have not,
for instance, included the practice of early disease detection in the
maternity or child welfare field, largely because that practice is already
so well established.) In other words, we have made a number of preli-
minary sketches and have not attempted to present a complete picture.
We are also aware that the subject is controversial and that much still
needs to be learned. If anywhere we have appeared dogmatic, we hope
this may serve to stimulate discussion, since, in the end, real develop-
ment depends on an exchange of views.

The subject is dealt with under three main headings: the basic prin-
ciples of early disease detection; practical considerations, including the
application of screening procedures in a number of different disease
conditions; and, finally, present techniques and possible developments in
methodology.

For the purposes of this study the definition of “screening” proposed
by the United States multi-sponsored Commission on Chronic Illness
(CCI)* (see Chapter 1, page 11) and accepted by the WHO Regional
Committee for Europe,? is adopted. Periodic physical examination
is also included in the review, and we refer to both screening and periodic
physical examination generically as “early disease detection”. Epide-
miological surveys to establish the prevalence and incidence of conditions,
as well as to study longitudinally the natural history of developing
disease, are not considered to fall within the terms of reference, which
we have confined to case-finding (see Chapter 1, page 11). However,
frequent reference is made to surveys that throw light on our attitudes
to case-finding,

— 9 —



10 INTRODUCTION

Screening for the chronic non-communicable diseases prevalent in
the more advanced countries forms the main subject of the report; but
the problems facing countries at other stages of development and with
different standards and types of medical care are also discussed, and
because of this communicable disease detection is also dealt with to
some cxtent.



CHAPTER 1

DEFINITIONS

SCREENING

The CCI Conference on Preventive Aspects of Chronic Disease,
held in 1951, defined screening as “the presumptive identification of
unrecognized disease or defect by the application of tests, examinations,
or other procedures which can be applied rapidly. Screening tests sort
out apparently well persons who probably have a disease from those who
probably do not. A screening test is not intended to be diagnostic.
Persons with positive or suspicious findings must be referred to their
physicians for diagnosis and necessary treatment.”! It should be noted
that, by definition, unrecognized symptomatic as well as pre-sympto-
matic disease is included ; also, physical examination is considered part
of the procedure, so long as it can be classed as rapid. The term “other
procedures” may also embrace the use of questionnaires, which are
assuming an increasingly important place in screening. Finally, tests
may be “diagnostic”, though not necessarily so intended ; for example,
a gynaecological examination could be covered by this definition pro-
vided it were rapidly carried out. In general, we have taken the definition
to imply a relatively simple (though not necessarily unsophisticated)
method of case-finding.

MASS SCREENING

This is a term used to indicate the large-scale screening of whole
population groups. We have used it to refer to screening where no
selection of population groups is made.

SELECTIVE SCREENING

We use this term for the screening of selected high-risk groups in the
population. It may still- be large-scale, and can be considered as one
form of population screening.

—_ 1] —



12 WILSON & JUNGNER

MULTIPLE (OR MULTIPHASIC) SCREENING

This procedure has evolved by combining single screening tests,
and is the logical corollary of mass screening. Where much time and
effort has been spent by a population in attending for a single test (e.g.,
mass radiography) it is natural to consider the economy of offering other
tests at the same time. Multiple (or multiphasic) screening has been
defined as “the application of two or more screening tests in combina-
tion to large groups of people”.!

SURVEILLANCE

This term is often used as a synonym for screening and essentially,
in the sense the term is used, it does have the same meaning. However,
a useful and important distinction can perhaps be made between the two
terms. Webster’s Third New International Dictionary (1966) defines
“surveillance” as “close and continuous observation”, while the defini-
tion of “to screen” is “to examine. . . methodically in order to make a
separation into different groups”. “Screening” tends to be thought of
as (and in practice often is) a cross-sectional, short-term operation on
a population at risk (e.g., “health weeks”, “health fairs”); while “sur-
veillance” conveys rather the sense of a long-term vigil over the health
of an individuals or of a population.

In this report “surveillance” has been used to convey the idea of a
long-term process where screening examinations are repeated at inter-
vals of time.

- CASE-FINDING

Throughout this report this term is applied to that form of screening
of which the main object is to detect disease and bring patients to
treatment, in contrast to epidemiological surveys (see below).

POPULATION OR EPIDEMIOLOGICAL “SURVEYS

While screening tests may well be used in population surveys (e.g.,
sphygmomanometry for blood pressure or tonometry for intra-ocular
tension), the principal aim of surveys is not to bring patients to treat-
ment but to elucidate the prevalence, incidence and natural history of
the variable or variables under study, though case-finding-is a natural
by-product of surveys. A good example of an epidemiological survey
is the Framingham study of ischaemic heart disease.?
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EARLY DISEASE DETECTION

It is sometimes useful, we think, to use a term that refers to all forms
of early detection whether by screening, physical examination or other
means ; and this is meant when we use the term “early disease detection”.



CHAPTER 2

PRINCIPLES

GENERAL CONSIDERATIONS

The aim of early disease detection

The aim of early disease detection (sometimes called secondary pre-
vention) is simple. Primary prevention seeks to abolish disease by
protecting the individual and the population from attack before the
challenge has been made. Early detection (case-finding) aims at disco-
vering and curing conditions which have already produced pathological
change but which have not so far reached a stage at which medical aid
is sought spontaneously. These stages are shown diagrammatically
in Fig. 1.

For screening, as defined, there is the second, economic, aim of
achieving more for unit expenditure by saving the time of highly trained
professional people. Part of their work can be performed by less
highly trained personnel able to carry out screening tests, whether by

FIG. 1. STAGES IN EARLY DETECTION OF DISEASE

" Well "
Prevention No prevention Example;
) ) . PULMONARY
I mmugity. Early pathological change TUBERCULOSIS
Mantoux test
- 1 BCG
Early-detection No early detection MMR
Treatment . Developing pathological change
Clinical
Symptons assessment
r X-ray
Treatment No treatment Sputum examination
Gross pathological change
" I" "
WHO 71319
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SCREENING FOR DISEASE 15

hand or by automated means (see Fig. 3, page 65). However, it seems
likely that the total cost of screening in a community is higher, not lower,
than the cost of conventional medical care since more people will be
found to be in need of treatment (and these will be mainly elderly
persons and liable to be under care for a long time). We shall say more
about the economic aspects of screening in a later section (see page 35).
However, it is worth noting here that in some circumstances screening
may be altogether uneconomical. A condition (e.g., helminth infesta-
tion) may be almost universally prevalent, and under these conditions
mass treatment without screening may be the course to pursue, thus
avoiding the high cost of preliminary confirmation of a virtually certain
diagnosis.

Pattern of screening development

Sociological factors have been important in the development of
screening. . These relevant factors are closely related to the degree of
sophistication of the population at risk—for example, the level of edu-
cation and awareness,; the amount and form of medical care available and
the general standard of living. In highly developed societies an improve-
ment in social conditions has been accompanied by a decline in com-
municable disease and by an apparent or real increase in degenerative
and genetically determined disease. Under these circumstances, also,
there is a tendency towards diagnosis at an earlier stage than in the past.
In less developed countries, however, the communicable diseases remain
largely paramount and the diagnosis of chronic illness is often made at
a later stage; while living conditions, nutrition, public education and
medical care all need to be greatly improved. For these reasons the
early detection of illness presents different problems in highly developed
and less developed countries.

The historical development of screening can best be examined by
observing the measures taken to control endemic communicable disease
—measures which are now to a large extent no longer needed in well-
developed areas, but which are still vitally important in many less
developed countries. Table 1 sets out the progressive stages of screening,
whether in time or in terms of development. A study of the reasons
behind these earlier forms of screening is helpful to an understanding
of the later developments introduced in highly developed countries for
the screening of chronic disease.

In tropical and subtropical areas of the world parasitic diseases such
as malaria, schistosomiasis and ancylostomiasis have long been the
subject of mass detection. One of the main reasons has been the need
to control these major causes of disease by attempting to stamp out the
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TABLE 1. PROGRESSIVE STAGES OF SCREENING

Screening era Examples of conditions sought
Malaria
Earl Nematode infestations
arly Leprosy
Trachoma
Middle Pulmonary tuberculosis

Venereal diseases

Diabetes
Late Ischaemic heart disease
Iron-deficiency anaemia

human reservoir. Similarly, chest radiography was first introduced
primarily as a public health measure to help in controlling the spread
of pulmonary tuberculosis ; prolonging the life and health of the individual
was at that time a secondary objective. A further example can be found
in the attempt to control the spread of syphilis by mass serological exami-
nation of the population.

Only when the prevalence of endemic communicable disease has
been reduced to a minimum has early detection been directed chiefly
towards the secondary aim of chronic disease detection. Clearly, eco-
nomic factors play a large part: controlling the spread of disease is vital
to economic prosperity and even survival, while prolonging individual
life and health is less essential from an economic point of view. These
differences are important when considering the principles upon which
population screening should be based, for the relative importance of
individual considerations varies in the two cases.

In a smaller way the same story can be told of industrial health
examinations. In the early days of industry there were endemic indus-
trial diseases, such as mule spinners’ cancer, for which primary prevention
was developed (in that case by removal of the causative agent). In
other conditions—for example, silicosis and lead poisoning—where the
cause could not be wholly eradicated, early detection techniques were
developed (chest X-ray, blood film and urinary lead content). With
advancing sophistication in industry the idea grew not only of monitoring
the health of workers in relation to known environmental health risks
but also of anticipating non-industrial hazards to the health of individuals
by periodic health examination. These two types of examination are
comparable to the two stages of growth of general population screening.
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While the benefits of the first type of mass detection (to control the
spread of communicable disease) have been, at least to some extent,
demonstrated (e.g., in tuberculosis), the value of the second to a large
extent still needs to be ascertained (e.g., in diabetes mellitus and chronic
simple glaucoma). Why this should be, and how answers to out-
standing questions might be found, will be examined later.

Much screening practice evolved in the USA during the 1950°s in the
form of multiple screening programmes has been reviewed elsewhere®—?
and will only be discussed briefly here. A useful bibliography was
issued by the Bureau of Chronic Diseases of the California State Depart-
ment of Public Health.?® The motivation for screening has been dealt
with at some length in three papers, respectively by Chapman,** Moun-
tin'? and Smillie,*® published between 1949 and 19352, at the time of
maximum growth of this concept in its application to chronic diseases.
Some of the chief points made in these papers were:

(1) Case-finding by multiple screening is a technique well suited to
public health departments, whose role is changing.

(2) Provision for diagnosis, follow-up and treatment is vitally impor-
tant; without it case-finding must inevitably fall into disrepute.

(3) Tests must be validated before they are applied to case-finding;
harm may result to public health agencies’ relationships with the public
(not to mention the direct harm to the public), and with the medical
profession, from large numbers of fruitless referrals for diagnosis.

(4) There is a danger that muitiple screening might lead to the neglect
of other aspects of community medical care because of the competing cost
and possibly also because a false sense of security might be propagated.

(5) The effect of multiple screening needs to be evaluated in terms
of reduced morbidity and mortality.

In 1957 the Commission on Chronic Illness accepted the value of
multiple screenings as “contributing to good medical practice” and consi-
dered that it “constitutes a practical means for early detection of a number
of important chronic diseases and impairments”. The CCI considered
at that time that screening might profitably be carried out for the following
conditions:

pulmonary tuberculosis

visual defects (including chronic glaucoma)
hearing defects

syphilis

diabetes

cancers of skin, mouth, breast, cervix and rectum
hypertensive discase

ischaemic heart disease (possibly).
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In 1960 the American Public Health Association strongly endorsed
multiple screening in a publication entitled Chronic Disease and Reha-
bilitation : a Program Guide for State and Local Health Agencies." While
recognizing that screening should, where possible, take second place to
periodic health examination as an effective technique for early disease
detection, the authors of the Program Guide considered that “the sheer
weight of economic reality ... dictate[s] recourse to procedures that
conserve the time and energy of highly trained personnel such as physi-
cians and dentists”.

With the formation, in 1961, of the Chronic Diseases Division of the
United States Public Health Service came the ability to provide State
services with project grants for setting up demonstration screening
programmes. A relatlvely large number of these projects have been
carried out, but for various reasons it has been difficult for them to
satisfy all the above points.

The use of different forms of screening

Selective screening. Screening tests can, of course, be used in diffe-
rent ways, varying from single examinations applied to individuals to
batteries of tests offered to whole populations. .They may also, as
already indicated, be either indiscriminate or selective.

From the viewpoint of both the individual and the economy there
are obvious advantages in combining a number of tests and applying
them all at the one examination, prov1d1ng cach has been shown to be
medically worth while. However, in practice, there may be ‘drawbacks
to combmlng certain tests—for example, when each test gives reasonable
yields only in selected population groups of dlﬁ'erent age, SEX Or OcCu-~
pation.

Much screening is selective, of long standing and well established.
This type of screening is practised, for example, at antenatal, post-natal
and infant welfare clinics, where conditions such as pre-eclamptic
toxaemia, the anaemias of pregnancy and congenital conditions are
sought by the application of simple tests. -

Mass public health screening. More recently, public health agencies
have tended to extend their screening activities from these kinds of clinic
to the general public. Multiple screening has been offered at ad hoc
clinics staffed by auxiliary workers, positive results being notified to
general practitioners However, it has been recognized that this
approach gives rise to difficulties (some of which are discussed- below),
and of late it has declined in populanty as a means of early disease
detection.
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Surveillance. A third method of screening is the individual approach,
as opposed to mass screening. At first sight there is little difference
between screening the individual and the ordinary good practice of
clinical medicine. The physician examining his patient’s urine or
blood pressure, or even weight, when he has no special reason to suspect
illness related to these findings is simply complying with an accepted
standard of good diagnostic practice. He may, in fact, include other
examinations such as haemoglobin determination or electrocardio-
graphy. If he also arranges for these examinations to be carried out by
an auxiliary helper, he may then be regarded as submitting his patients
to a form of multiple screening, which may or may not be selective,
according to whether only those patients consulting him over some
complaint are examined, or whether the physician has made arrange-
ments for all his patients to undergo these tests.

The essential difference between this form of screening and ordinary
good medical practice is that in the first instance the person examined is
presumptively well, or at least not complaining of the disease or diseases
for which screening if offered, while in the second he or she comes to the
physician as a patient with a complaint. There is really a good deal
of difference between these two concepts ; the economic implications for
a general practitioner in terms of time, auxiliary help and the use of
records, as well as premises, are very different if he is aiming to carry
out selective screening in his practice, in contrast simply to applying a
number of tests to patients reporting with a complaint. However, as
a development in medical care, there are clear potential advantages in
this form of positive surveillance. The general practitioner would, in
this way, be enabled to practise personal preventive medicine; and,
secondly, the normally close contacts between the physician and his
practice would largely avoid communication difficulties over the results
of tests.

Screening hospital patients. A particular form of screening special
groups of the population is the screening of hospital patients. There
are at least three aspects to this type of screening. Firstly, hospital
patients in general, whether in- or out-patients, constitute a specially
high-risk group of the population and are likely to give a high yield for
conditions such as diabetes mellitus, cancer of the cervix and simple
glaucoma. Secondly, patients come to hospital with a complaint of
which the diagnosis may be either in doubt or erroneous. It is then
usual to request laboratory and other tests in a sequential fashion, one
request often depending on the result of the previous one. Submitting
the patient to a number of laboratory tests routinely without exercising
individual choice is a form of screening that may prove its worth in
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leading to diagnoses that would otherwise have been delayed or even
missed altogether. This performance of a number of laboratory tests
on one blood and/or other body-fluid specimen at the same time is
now becoming quite feasible with the introduction of laboratory auto-
mation (both in carrying out the tests themselves and in the equally
onerous matter of processing the data). It may well prove more econo-
mical than the traditional method of seriatim laboratory requests.
Thirdly, as a consequence of performing a number of tests simulta-
neously, there may be an economic gain in hospital stay. One of the
most costly items of medical service is the upkeep of a patlent in a
hospital bed. Ratlonahzmg medical care in hospital so as to minimize
the length of stay is one of the chief ways in which the cost of health
services can be kept from mounting disproportionately to other expendi-
ture. It is possible that the screening of hospital patients could shorten
length of stay or lower costs in some other way—for example, by reducing
the number of hospital consultations called for. It must be admitted,
however, that as yet evidence for a shortening of hospital stay is lacking
and that, equally, automation used for screening may prove to prolong
hospital stay. Work aimed at elucidating these questions has been
carried out in the USA and Canada, and trials are in progress in Great
Britain and Sweden. :

Screening in industry. Lastly, industrial populations may offer
special advantages for screening, especially in industrialized countries
where there is no universal general practitioner service. It is important
to remember, of course, that industrial screening examinations are of
two sorts: one kind is for special industrial risks, of which examples
have been mentioned above; the other kind of examination is aimed at
the early detection of diseases that may impair the general efficiency
of the worker. This subject is discussed in Chapter 3 (page 66).

EVALUATION OF RESULTS OF SCREENING

¢

General

The evaluation of screening may be considered from two separate
aspects, which yet have a certain connexion with each other. These
aspects are, firstly, the evaluation of tests or examinations and, secondly,
the evaluation of results. The important connecting link is the need
to use standard criteria for tests, as well as for the variables measured,
when comparing the results of case-finding or survey operations. Asso-
ciated with these standards is the difficult problem of the “in-between”

r “border-line” patient, which will be considered in this chapter.
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Evaluation of screening procedures

The Conference on Preventive Aspects of Chronic Disease considered
the evaluation of case-finding tests and programmes in 1951 and the
matter has been dealt with at some length in the CCI publication Preven-
tion of Chronic Illness.'* The following criteria were discussed:

(1) Validity

(2) Reliability

(3) Yield

(4) Cost

(5) Acceptance

(6) Follow-up services.

In this section we deal only with validity, reliability and yield; the
other criteria are discussed later, under the heading “Principles of Early
Disease Detection” (see page 25).

Validity. The CCI defines the validity of a screening test as the
measure of the frequency with which the result of that test is confirmed
by an acceptable diagnostic procedure—i.e., the ability of the test to
separate those who have the condition sought from those who do not.
Applying a screening test to a population will produce four categories of
result, provided that the whole population is also examined definitively
to establish the actual prevalence of disease. These four categories are
shown in Table 2.

An ideal test would, of course, detect only those persons in a popu-
lation suffering from the condition looked for (as defined by agreed
criteria) and would not fail to detect any of them. The ability of a test
to classify as positive those persons with the disease is termed “sensiti-
vity” and the ability to class as negative those without the disease
“specificity” ; that is, sensitivity is a measure of the false-negative rate
and specificity of the false-positive rate.

Sensitivity and specificity can be varied reciprocally according to the
“setting” of the test. Take, for example, the detection of iron-deficiency
anaemia by determination of the haemoglobin content of the blood.
Let us say that the aim is to diagnose and treat all women in a population
with a haemoglobin level of 10 g/100 ml or less. A screening level of
10 g/100 ml will miss a number of cases owing to the errors of the test,
and the sensitivity will be low though the specificity will be high. By
raising the screening level to 12 g/100 ml the sensitivity will be raised
so that few cases will be missed ; but the penalty must be paid of lowering
the specificity and having to accept a rise in the number of false positives.
The example shown in Table 3 illustrates this point.
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TABLE 2. THE EFFICIENCY OF A SCREENING TEST*

True disease classification of apparexitly well population
Screening
result
Diseased persons Persons without disease
With disease and with Without disease but with
Positive positive test positive test
(true positives) (falsé positives)
With disease but with Without disease and with
Negative negative test negative test
(false negatives) (true negatives)
Total Total unknown cases of Total persons without
disease disease
. Di ith positi
Sensitivitys = iseased persons with p s1t1.ve te.st
- All persons in population with disease
o Non-diseased persons with negative test
Specificitys = : - : -
All persons in population without disease

@ These values are often expressed as percentages .
* Adapted, by permission, from Remein & Wilkerson,1®

Reliability. Providing the test selected is a good index of the disease
sought, two factors are involved in the reliability or efficiency of the test:
the variation of the method and the variation of the observer. For
example, in measuring the arterial blood pressure with an inflatable
cuff sphygmomanometer there are the variations connected with the
indirect relationship between the method and the true intra-arterial
blood pressure and with the variability of the blood pressure itself ; and
there is also the error of the observer (which has recently been shown to
be much more significant than was previously supposed).16:17

In considering screening techniques there is scope for research into
methods. Ideally (as has been said) a test should be highly sensitive and
should miss very few persons with the disease, though a relatively high
proportion of false positives can be accepted; it should be as simple as
‘possible and able to be carried out rapidly, often under improvised field
conditions (though in some instances there is also a case for a firmly
based unit to which the population comes or to which specimens are
sent) ; thirdly, a test must be acceptable and cause minimal disturbance
to the subject in its performance. Pain and discomfort, much undressing
or the need for a large blood sample may rule out an otherwise useful test.
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TABLE 3. EFFECT ON SENSITIVITY AND SPECIFICITY
OF VARYING SCREENING LEVEL OF HAEMOGLOBIN
IN DETECTING ANAEMIA

p opT\;)ltaz;li on %2;:2?: ‘ Screening level
10 g haemo- 12 g haemo-
globin/100 ml blood globin/100 ml blood
Positive Negative Positive Negative
100 20
True | False | True | False | True | False | True | False
15 2 78 ’ 5 19 10 70 1
itivi 15 X 100="75%; B % 100=95%,
Sensitivity 20 =13/ 20 =4/
. 78 70 oo
Specificity 0 % 100=98%4 50 < 100=88%;

Lastly, the test should be as cheap as possible. Speed tends to diminish
efficiency and vice versa, though automated laboratory techniques are
now proving more accurate than hand methods. The local need will
probably determine which factors are the more important. For example,
in detecting diabetes mellitus, urine testing may be chosen for its sim-
plicity, cheapness and minimal disturbance to the population. However,
testing for glycosuria is inefficient, and blood-sugar screening on the
spot using capillary blood might be chosen instead. This may be prefe-
rable to obtaining a venous blood sample, which has the drawback of
being costly, since it involves the taking, transporting and chemical
analysis of many specimens of blood. Recent commercial research
has produced a quick glucose oxidase blood-sugar screening strip,
though it has not, as yet, been validated by full field trials. Another
example of research into methods is in screening for anaemia. Here
simplicity is usually obtained at an unacceptable sacrifice of accuracy.
There has been need for comparison of available methods and at least
one has now been published.'® It should soon be possible to make a
rational choice related to need.

Yield. The yield from screening may be regarded as the measure
of previously unrecognized disease (whether overt or latent), diagnosed
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as the result of screening and brought to treatment. Other forms of
yield are provided by persons with known disease who have previously
lapsed from treatment. ,

The yield is clearly primarily related to the prevalence of disease in
the population and to the availability and use of medical care facilities.
The highest yields from screening will be obtained from screening for a
highly prevalent condition in a population where medical care facilities
are minimal—e.g., for malaria carriers in a poorly developed tropical
area. Where medical care is good, though a condition may be relatively
common, less new disease will be discovered through screening.

A further important factor in yield is the efficiency of the test itself.
Thus urine testing for glycosuria will miss large numbers of diabetics
in a population, thereby giving a poor yield.

The “border-line” problem

The need for epidemiological surveys is perhaps best emphasized by
referring briefly to one of the important findings resulting from work
of this kind. :

Measurement in probability samples of a population is tending to
show that many physiological variables are continuously distributed
round the mean, conforming to a normal, or skewed normal, curve.
Whether there is a discrete, diseased part of the population or not
cannot: always. be determined from the data; but in considering the
separation between “border-lines” and “diseased” this point may not be
of prime importance, as Fig. 2(i) shows: in either case there may be
an area of doubt. Nevertheless, such variables as blood pressure, blood
cholesterol, blood sugar and intra-ocular tension—to give a few examples
—all appear to favour a continuous distribution. The “diseased” part of
the population occurs at the extreme end of the distribution curve and
this, as can be seen in Fig. 2(ii), means that the “border-line” group in
a population may be far greater than the “diseased”.

There is, however, theoretically at least, a difference between the
outcome of surveys, depending on the distribution of the variable or
variables measured. If the distribution is bimodal, as might be expected
in the case of some genetically transmitted characteristics, such as, for
example, phenylketonuria, the “border-line” group will in fact comprise
a mixture of persons with the disease and persons without the disease
whose level of the variable falls within the same range (between A and B
in Fig. 2(i)). On the other hand, if the distribution is unimodal the
“border-line” group will comprise a homogeneous sample of persons,
the question being whether the point between “disease” and “normality”
should be set at C or D (Fig. 2(ii)). We may note, in passing, that the
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FIG. 2. DISTRIBUTION OF A VARIABLE IN A POPULATION
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figure illustrates graphically the concepts of sensitivity and specificity.
A screening test giving a positive reading at the level of A (Fig. 2(1)
or C (Fig. 2(ii)) would be highly sensitive, missing few cases, but yielding
many false positives; by conirast, the “cut-off” points at B and D
respectively indicate a very specific test. In practice it seems likely that
a trial by randomization of treatment should enable a reasonable decision
on the “cut-off” point to be made between those considered in need
of treatment and those who may be reassured that they are healthy.
Some false negatives would need to be accepted in a bimodal example
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for the sake of the specificity of the test (e.g., a “cut-off” at E), while
in the unimodal example a similar arbitrary choice would need to be
made, based on the response to treatment of the “border-line” patients.

It is perhaps worth noting here that the terms “sensitivity” and
“specificity”, while having a clear meaning in the case of the bimodal
distribution, have theoretically no meaning for a unimodal distribution.
Thus, supposing a “cut-off” level at E in Fig. 2(i) (the bimodal distribu-~
tion) to be used, both true and false positives would occur at that level.
But with the unimodal distribution, once a “cut-off” level has been
adopted, all persons above that (e.g., above level D in Fig. 2(ii)) would be
regarded as diseased, and there would be no false positives. In practice,
sensitivity and specificity remain important because an indirect index of
disease is usually adopted, subject to variations between observers and
within patients from one occasion to another, as well as to the error of
method. This index will only have a certain power in diagnosing
patients and will miss some and falsely include others.

For a fuller discussion of sensitivity and specificity, as well as the
reproducibility and accuracy of a test, the United States Public Health
Service Monograph Principles and Procedures in the Evaluation of
Screening for Disease,'® may be consulted.

PRINCIPLES OF EARLY DISEASE DETECTION

The central idea of early diseasc detection and treatment is essentially
simple. However, the path to its successful achievement (on the one
hand, bringing to treatment those with previously undetected disease
and, on the other, avoiding harm to those persons not in need of treat-
ment) is far from simple though sometimes it may appear deceptively
easy. For this reason we have devoted this section to a reasonably full
discussion of a number of points that might be regarded as guides to
planning case-finding. This is especially important when case-finding
is carried out by a public health agency, where the pitfalls may be more
numerous than when screening is performed by a personal physician.
For ease of description rather than from dogma we have called these
points collectively “principles”. The following is an attempt at ela-
borating at least some of these principles:

(1) The condition sought should be an important health problem.

(2) There should be an accepted treatment for patients with recog-
nized disease. ’

“(3) Facilities for diagnosis and treatment should be available.

(4) There should be a recognizable latent or early symptomatic
_'stage.
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(5) There should be a suitable test or examination.

(6) The test should be acceptable to the population.

(7) The natural history of the condition, including development from
latent to declared disease, should be adequately understood.

(8) There should be an agreed policy on whom to treat as patients.

(9) 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.

(10) Case-finding should be a continuing process and not a “once
and for all” project.

It is now necessary to discuss each of these headings in some detail.

Importance of the problem for the individual and the community

To be considered an important problem, a disease need not neces-
sarily have a high degree of prevalence, though that would be a usual
requirement. Thus diabetes mellitus is relatively highly prevalent in
the populations of developed countries, though frequently of mild degree,
with- a lengthy course not known, as yet, to be greatly influenced by
treatment. On the other hand, phenylketonuria is extremely uncommon
but warrants screening on account of the very serious consequences if
not discovered and treated very early in life.

Clearly the importance of the problem needs to be considered from
the point of view both of the individual and of the community. Thus
conditions with serious consequences to the individual and his or her
family in general may warrant relatively uneconomic screening measures;
while certain individually mild conditions, but having serious conse-
quences for the community if not discovered early and treated, will
justify screening on these grounds. An example of the latter kind might
be the finding and control of overweight in a population.

Accepted treatment

Of all the criteria that a screening test should fulfil, the ability to
treat the condition adequately, when discovered, is perhaps the most
important. In adhering to the principle of avoiding harm to the patient
at all costs (the primum non nocere of Hippocrates), treatment must be
the first aim. For declared disease there is, of course, the ethical
obligation to provide an accepted treatment whether or not this is of
scientifically proved value; but, when new territory is being explored
by the earlier detection of disease, it is clearly vital to determine by
experimental surveys whether a better prognosis is given by treating
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the conditions found at an earlier stage than was previously the practice.
Unless this is so, there can be no advantage to the patient and, in fact,
in alerting him or her to a condition that has not been shown to benefit
by treatment at an earlier stage actual harm may be done.

This matter resolves itself into two questions:

(1) Does treatment at the pre-symptomatic border-line stage of a
disease affect its course and prognosis ?

(2) Does treatment of the developed clinical condition at an earlier
stage than normal affect its course and prognosis?

~ Question (1) is referred to more fully below (see page 32), in a dis-
cussion of the need for adequate survey work. However, it might be
mentioned here that without well-planned surveys, carried out in advance
of the main body of medical opinion, the view that early diagnosis and
treatment successfully improves the outlook for the condition in question
is likely to become generally accepted. This in turn automatically
renders unethical planned randomized trials of intervention by treatment,
following early diagnosis; with the result that ideas about the effect of
treatment pass into the realm of folklore rather than that of scientific
knowledge. Thus we are still in ignorance of the effect of treating the
lower range of high blood pressure. If the use of drugs for mild hyper-
tension became general it would probably no longer be thought ethical
to randomize treatment, and we should have to rely on the unsatisfactory
long-term evidence of mortality and the age at which morbid changes
appear. Border-line diabetes mellitus, ocular hypertension and asymp-
tomatic bacteriuria are other examples of conditions in this class. Until
the needed information has been obtained there is, we submit, no case
for alerting border-line persons by case-finding programmes. 1If persons
in the border-line range are to be informed of their results they should
presumably be told they are not diseased. -

Coming to question (2) we enter the field of accepted clinical practice
and the course to be followed is largely pre-determined. For example,
it is reasonable to seek in a population persons with signs of clinical
diabetes (possibly confined to an unequivocally elevated blood-sugar
level) and treat them, even though they may have no symptoms. It is
not known whether early treatment in fact alters the outlook, but this
is the accepted assumption (although there is evidence that renal and
neurological changes may follow a course independent of treatment).
The same argument applies to the early treatment of established chronic
glaucoma (where the cousse of the illness is also long and the treatment
unpleasant, and where doubt must arise as to the proportion of those
prescribed treatment who adhere to it). Medical opinion accepts the
value of treatment and there is no ethical alternative. .
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There are also conditions where evidence shows that the prognosis
is unaffected, or practically unaffected, by early recognition and treat-
ment. Lung cancer is one example, mass radiography being the standard
method of early detection. In at least one survey it has been demons-
trated that the prognosis for life in patients detected at an early, unre-
ported, stage of bronchial carcinoma was little if any better than that
of patients detected later who had made their medical contact on account
of symptoms (see chapter 4, page 106). The same kind of findings have
resulted from early detection by the cytological examination of sputum.
While there is a good case for continuing efforts to detect lung cancer
early in selected groups, such as heavy smokers, in the knowledge that
a few patients will benefit, it is doubtful whether any useful purpose is
served by advocating mass case-finding specifically for lung cancer
(though, of course, mass radiography carried out for other purposes pro-
duces a steady run of cancer cases). At present it seems likely that greater
efforts should be directed towards educating the public about the risks
of cigarette smoking and the need for investigating persistent cough.

It is axiomatic, therefore, that case-finding should only be undertaken
when the prospects for treating the condition are at least reasonable.

Facilities for diagnosis and treatment

Clearly, in planning to detect some condition, or group of conditions,
in a population it is a prerequisite that persons found in need of treat-
ment should be able to obtain it. In general, the larger the scheme the
more this proviso assumes importance. Thus, in introducing on a
national scale cytological screening of all women with a risk of developing
uterine cancer, a major part of the scheme must consist in ensuring that
services are available for the definitive diagnosis and treatment of those
found positive on exfoliative cytological examination. Of even greater
magnitude is the problem of providing effective treatment and care in a
developing country, where medical services may be extremely thinly
distributed, for conditions detected by mass screening. In this context
pulmonary tuberculosis may pose a difficult question.

Recognizable latent or early symptomatic stage

In order usefully to detect and treat disease at an early stage there
must clearly be a reasonable period in the natural history of the condition
during which symptoms are either not present or at any rate not clamant.

There is, in fact, a latent stage in many chronic diseases that can be
recognized, and also in the carrier state of some acute communicable
diseases. However, certain chronic diseases such as multiple sclerosis
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and arteriosclerotic cerebrovascuiar disease, though there must be a
precursor stage, do not have a clinically recognizable latent period.
Rheumatoid disease, for example, though there is an early symptomatic
stage, has no certainly recognizable presymptomatic state. :

Suitable test or examination

- A number of factors have to be considered. Tests may be divided
into diagnostic and screening, but this is a matter of degree rather than
of kind ; the screemng test (which of its nature should be easy and quick
to perform) is allowed to possess a higher margin of error and may be
less valid than a diagnostic test.

For some conditions that do have a recognizable latent stage there
is at present no suitable screening test. For example, barium-meal
examination for carcinoma of the stomach has been tried but found
impracticable, on the grounds of radiation exposure, discomfort to the
subject, and time needed. (Recently, in Japan, intra-gastric photo-
graphy has been developed as a screening technique and this may prove
satisfactory if used selectively in areas where there is a high incidence
of gastric disease.)

Similarly, Addisonian anaemia could probably be detected at a
preclinical stage if an easy test for parietal-cell antibody were available.

-On the other hand, some tests are accepted as suitable for screening
because of their simplicity and ready application, though they may not,
in fact, be very good indices of the condition being looked for—for
example, tonometry in the detection of chronic simple glaucoma. It is
important to remember that most of the tests we use are indirect indices
of the pathological process we are seeking. In general, it is reasonable
to suppose that the less direct the index the greater is the liability of
error in diagnosis. For example, examination of the haemoglobin—the
actual pigment that is decreased in anaemia—is a highly precise measure
of anaemia (regardless of type), provided the error of the technique of
measurement is small. On the other hand, the chest X-ray film in chest
disease, the glucose level of the blood in diabetes and the intra-ocular
tension in glaucoma are all indirect indices of the conditions sought
and, in these instances, there is likely to be an error not only of obser-
vation but also of interpretation. Thus the shadow, the blood-level
or the pressure may not always provide a valid guide to the clinical
condition.

It is the task of the investigator always to seek more direct and more
valid techniques, without sacrificing convenience and speed. It would
be difficult to replace chest X-rays in the diagnosis of lung cancer,
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though ultimately development of a reliable automated cytological
technique applied to high-risk groups of the population may prove a
valuable adjunct; while there is a possibility that fatty acid or other
variable biological levels in the blood might prove a more reliable index
of the clinical state of diabetes than is the blood sugar. Regarding
chronic glaucoma, there is now evidence that intra-ocular tension may
not be a reliable index ; in a recent survey as many patients with glaucoma
were found within the normal range of tension as were found with raised
tension.20-22

Finally, there is the question of the validity of the test, indicated by
the proportion of those examined found to give false-positive results,
and the proportion found to give false-negative results—i.e., baving the
condition looked for but giving a negative response to the test. In case-
finding work a fairly high false-positive rate is acceptable but the false-
negative rate should be very low, since missed cases may lead to indi-
vidual disasters and, in the case of a communicable disecase such as
tuberculosis, to the undetected spread of the disease.

Acceptability to the population

Clearly a test or series of tests must be acceptable to the population
to which it is offered. Acceptability is, of course, related to the nature
of the risk and to the way in which the ground is prepared previously
by health education. For example, the risk attending uterine cancer is
by now well known to the more educated sections of Western society,
but we are still pretty much in the dark about the attitude of women in
the lower socio-economic groups towards prophylactic vaginal and
cytological examination.

Work is being undertaken (see chapter 3, page 72) on this particular
aspect of vaginal cytology, both in Great Britain and in the USA, but
there is scope for much more investigation of this kind. As an example
of suiting the test to existing public attitudes, Davis?® reports a higher
degree of acceptance (nearly 807;) in a Maryland county for the self-
taking of exfoliative cytological preparations using the irrigation-
pipette2* than for conventional cervical smear-taking methods. This
illustrates the importance of paying special attention to making a test
as easy and as little trouble to perform as possible.

There are other forms of examination which, the evidence shows,
could usefully be carried out in the search for early disease and its
prevention, but which are so unpleasant as to be quite unacceptable
for general population screening, though they have a place in screening
selected populations. One of these examinations is proctosigmoi-
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doscopy, the usefulness of which in detecting pre-cancerous conditions
of the rectosigmoid is accepted. The application of this examination
is virtually limited to medical clinics and periodic health examination
centres. o ' -

Need for surveys

We have already emphasized, in the Introduction and in Chapter 1,
the important difference in concept between case-finding and epidemio-
logical surveys. The need for maintaining this distinction is not always
clear, since the distinction itself tends to become blurred unless we look
at the matter historically. We are apt to assume that, because it is
possible to carry out useful case-finding by screening for one condition
(subclinical pulmonary tuberculosis, for example) without the need for
preliminary surveys, the same principle applies to other diseases, such
as diabetes or chronic glaucoma. In making this assumption we forget
that much survey work has been carried out on pulmonary tuberculosis
in the past (and is still being carried out) and that the natural history
of the early stages of the disease has gradually become established over
the course of many years of study. However, when we turn our atten-
tion to attempting to control the new epidemics of chronic non-commu-
nicable disease by similar case-finding techniques, we are likely to run
into difficulties unless we are first able to view clearly the natural history,
and especially the precursor stages, of these diseases. The most impor-
tant questions that need answering for conditions such as high blood-
pressure, ischaemic heart disease, diabetes mellitus and chronic simple
glaucoma are: '

(1) What changes should be regarded as pathological and what
should be considered physiological variations?

(2) Are early pathological changes progressive?

(3) Is there an effective treatment that can be shown either to halt or
to reverse the early pathological changes?

It has already been noted (see page 28) that we do not know the
answer to the last question, even for some established clinical conditions
of which diabetes mellitus (in the progress of its clinical complications)
and chronic simple glaucoma are examples. An important reason for
this ignorance is that controlled trials of treatment were not carried out
at a time when such a procedure might have been considered ethical
(this applies specially to glaucoma), the controlled trial technique not
having been developed at the appropriate time. The lesson for pre-
symptomatic disease detection is surely clear: randomized. controlled
trials of early treatment need to be carried out as speedily as possible,
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while they are still considered ethical. Once it is regarded as normal
practice to treat latent disease, whether this has been shown to be
beneficial or not, the opportunity for carrying out randomized trials
will have passed. Since much treatment is both unpleasant and, in
chronic illness, of lifelong duration following diagnosis, it is clearly
important not to treat people unnecessarily. In enthusiastically attacking
disease at an early stage the Hippocratic principle, previously mentioned,
of primum non nocere should not be neglected.

Where it has been decided that a survey of the natural history of a
condition and controlled trial of treatment is needed, there is a strong
argument against trying to combine the survey with case-finding (as
defined in Chapter 1, page 12). For the sake of the clarity of the
results it is usually considered proper that during the course of a survey
it should clearly be understood by all taking part—public and investi-
gators alike—that the work is experimental and devoted to finding the
answers to certain questions as a preliminary to embarking on the next
stage, that of case-finding. Naturally, all persons discovered in the
course of a survey to be suffering from clinical disease would be referred
for treatment. The border-line group alone would be asked to submit
to a randomized trial of treatment. -

It may be asked why surveys and case-finding should not proceed
together at one and the same time. Of course, to the extent that surveys
discover patients with undiagnosed clinical disease (as we have just
noted) they do proceed together. But in general the aims are different,
and mixing them may lead to confusion. Where case-finding, with its
implication of treatment, is planned it is necessary to be quite clear who
is to be advised to undergo treatment and who not. This means that a
decision has to be taken about the criteria that constitute disease.
Making this decision begs two vital questions that the survey side of the
programme would be trying to answer—namely, the question about
pathological significance or physiological variation, and the question of
whether these early pathological changes are progressive. One way
out of this difficulty, in case-finding, is to set high criteria for the
diagnosis of disease in need of treatment. The classification of border-
line patients by diagnostic techniques, and the arrangement of a con-
trolled randomized clinical trial (which would constitute the survey side
of the mixed programme), entail much clinical and administrative work,
as well as long-term scientific follow-up. University departments and
other scientific institutions are well placed to carry out clinical trials
of this nature, and have two major advantages over the personal practi-
tioner or public health physician: they have the necessary multidisci-
plinary approach within the organization (or at least within easy reach),
and they are detached enough from the day-to-day clinical scene to
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remain objective. By contrast, it can be argued that it is hard for
general practitioners to organize randomized trials among their own
patients, and on their own unaided responsibility.

The recent findings of a diabetes survey by Butterfield et al.2s empha-
size the need for randomized trials of treatment on probability samples of
the population at risk, before advocating case-finding on other than the
strictest criteria of clinical diagnosis.. A blood-sugar survey of all persons
over 21 years of age found that some 167, have “diabetes” if the com-
monly accepted criterion of a blood-sugar level of more than 120 mg/
100 ml two hours after the taking of 50 g of glucose by mouth is used.
If these figures are extrapolated to the age/sex structure of the population
of England and Wales as a whole, there would be found (on the-above
criteria) a prevalence of “diabetes” of approximately 13%;. The survey
by Butterfield and his colleagues took the form of case-finding (in the
first place, by urine testing for glycosuria) and did not comprise a random
probability sample of the general adult population (there was a 67,
response). The figures may therefore be to some extent biased. How-
ever, it seems unlikely that they are far wrong,