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Interpretation of diagnostic data: an unexplored
field in general practice
J.A. KNOTTNERUS, MD
General Practitioner, Maastricht, The Netherlands 1000 Women with

palpable abnormality
in the breast

SUMMARY In interpreting diagnostic information the Stop 1
differences between morbidity patterns in general practice
and those in hospitals must be taken into consideration. This
article demonstrates the importance ofprevalence for predic- 50 Cancer 950 No cancer
tive values of complaints, symptoms and test results. When Sensitivity 56%
the general practitioner refers patients to the specialist, these Specificity 96%
values may change, and it is also possible that associations
between symptoms and diagnoses are distorted by selec- 28 TP 22 FN 38 FP 912 TN
tion bias. Moreover, attention must be paid to the differences __28_TP _22_FN_38_FP_ 912___
in clinical stages encountered in general practice and
specialist practice. It is concluded that a large part of the 66 Women with 934 Women with
'diagnostic field' of general practice has still to be discovered suspect no suspect 2
and developed. finding findings

Introduction
| 22 Cancer |r912 No cancerl

A TTENTION has been drawn to the way in which the
prevalence of diseases can influence the interpretation of Secificity91%

diagnostic data."2 General practitioners and specialists deal
with different patterns of morbidity and therefore they should |_ ______l_l
interpret diagnostic data in different ways. 20 TP 2 FN 146 FP 766 TN

Basic concepts 166 Women with 768 Women with
Let us consider a group of women aged between 20 and 30 years suspect non-suspect
in whom the general practitioner finds a palpable abnormality mammogram mammogram
in the breast. After physical examination there are two possible
conclusions: suspected breast cancer (positive result); no 232 Women referred
suspicion of breast cancer (negative result). Figure 1 shows the , . Step 3
possible outcome for 1000 women; the figures are based on
published data.3'4 Of interest are the answers to the following
questions: F 48 Can | 184 No cancer

1. What is the chance of finding breast cancer in women with Sensitivity 56%
suspect lumps? Specificity 96%
2. What is the chance of not finding breast cancer in women
with lumps which are not considered suspect? | 27 TP 21 FN 7 FP 177 TN

The first question concerns the predictive value of a positive Step 4

test result (PV+); the second question concerns the predictive 48 Women with 184 Women with
value of a negative test result (PV-). The probability of a positive cancer no cancer
result in diseased persons is the sensitivity of the test for the
disease under study. The probability of a negative test result in TP = true positive, FN = false negative, FP = false positive,
persons not having the disease is the specificity of the test. Figure TN = true negative
1 shows the values for sensitivity and specificity. It also reveals
the prevalence: the percentage of people in the population under Figure 1. The possible results of diagnostic procedure in
study who were actually suffering from the disease. In this young women with palpable abnormality in the breast. Step
example the prevalence was five per cent;2 that is five per cent 1. The general practitioner carries out a physical examina-
of the women with palpable lumps in the breast had cancer. tion and refers in the event of suspect findings. Step 2. The

general practitioner carries out a mammography when no
Prevalence of the disease and predictive values of tests suspect abnormalities have been found by physical examina-
The policy of the general practitioner may be to refer those tion; refers if mammogram suspect. There are two false
women having a suspect lump directly to a surgeon for biopsy. negatives, which have no further examination. Step 3. At
Other women having a palpable abnormality are sent for referral surgeon carries out a physical examination.
_ __ -w,l,A01030_ O1-+,'310 A;. , . , l Anhrrevaience = 4d/zS = z w. orep v. ,iopsy reveaisme

true situation.
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mammography; if this is positive, these women are also referred
for biopsy. Assuming that mammography has a sensitivity of
91 per cent and a specificity of 84 per cent'17 and that biopsy
eventually reveals the true situation, the prevalence of breast
cancer can be calculated as 21 per cent after referral (Figure 1).

If the surgeon carries out palpation before biopsy and is no
better or worse than the general practitioner in diagnostic skill,
then this palpation has a positive predictive value (PV+) of 79
per cent and a negative predictive value (PV-) of 89 per cent.
The surgeon will find relatively less false positives than the
general practitioner, which could, wrongly, create the impression
that the surgeon is more skilled at palpation than the general
practitioner. The surgeon may make a false-negative diagnosis
more often than the general practitioner but this is less con-
spicuous because the surgeon often performs a biopsy as well,
and will often follow up the women who did not have a biopsy.
The general practitioner may make relatively few false-negative
diagnoses - patients with cancer who had a negative palpa-
tion and a negative mammogram. These patients will be
reassured for a time but later these cases may be regarded as
'missed' carcinomas or as examples of doctor delay.

It is clear that the general practitioner could only have avoided
all false-negative diagnoses by referring all women having a
palpable abnormality for biopsy. In the example given, this
would have meant that 768 extra biopsies would have been
carried out in order to discover two more cases of cancer.
When choosing between diagnostic strategies, the prevalence

of the disease is important. Knowledge of prevalence allows an
appropriate choice of strategy in order to avoid missing car-
cinomas or carrying out too many biopsies on healthy women.

In general it should be noted that:
1. As prevalence increases, the predictive value of every positive
test result increases, and as a consequence there will be fewer
false positives (less needless biopsies) and more false negatives
(more missed cases).
2. As prevalence decreases, the reverse applies and the predic-
tive value of every positive test result decreases, and so there
are more false positives (more needless biopsies) but fewer false
negatives (less missed cases).

The positive association between the predictive value of a positive
test result and the prevalence of the disease under study is not
too difficult to understand. It is harder to understand the reverse
- that the predictive value of a negative test result decreases
as the prevalence increases. Another example may help to clarify
this.

If a woman aged 25 years, without symptoms, is given a cer-
vical smear and no abnormal cells are apparent, then the doctor
will assume that this is not a case of cervical cancer. However,
for a 40-year-old woman who complains of intermenstrual blood
loss and bleeding during intercourse, the doctor will be less con-
fident of the negative test result. The doctor may consider it
to be a false-negative result and would not exclude the possibility
of cancer. The predictive value of the normal smear test is con-
sidered to be low. The doctor is thus unconsciously applying
the principles summarized above: he interprets the test result
in the knowledge that cervical cancer seldom occurs in women
of 25 years of age without symptoms (prevalence in such a
population is very low) and in the knowledge that the disease
occurs more often in women of 40 years of age who have the
complaints described above (prevalence in such a population is
higher).
The prevalence of serious diseases requiring treatment is higher

in the population of patients visiting specialists than in the
population of patients seen only by the general practitioner
owing to preselection by the general practitioner. This means
that the predictive value of an abnormal finding from an
examination carried out by a specialist is higher than from the
same examination carried out by a general practitioner. However,
for serious diseases the predictive value of a normal finding is
higher in general practice. The opposite is true for diseases seen
frequently by the general practitioner but less often by the
specialist, for example minor ailments and exanthemas in
children.
The predictive value of a positive result from examination by

a specialist is relatively high because of preselection by the
general practitioner. Without such preselection there would be
much unnecessary investigation and treatment. As examinations
or tests by a general practitioner have a high negative predictive
value, specialist assessment can achieve a high positive predic-
tive value.
When the general practitioner - by means of history taking

and physical examinations - makes a selection of those patients
more likely to have certain diseases, he increases the predictive
value of abnormal findings from specific examination (for
example, electrocardiography) in his own practice. Table 1 shows
the relationships between sensitivity, specificity, prevalence and
predictive value summarized in the Formula of Bayes. Note that
this formula can be directly concluded from the 2 x 2 multiplica-
tion table and that it does not supply any more information than
this table. Figure 2 represents the relationships graphically for
physical examination and mammography.

Table 1. The formula of Bayes and its derivation.

Test result Patient has disease Patient does not have disease

Positive TP = sensitivity x prevalence FP = (100% - specificity) x (100% - prevalence)
Negative FN = (100% -sensitivity) x prevalence TN = specificity x (100% -prevalence)

Derivation of formula

1. The predictive value of a positive test result TP
TP + FP

sensitivity x prevalence
(sensitivity x prevalencp) + (100% - specificity) x (100% - prevalence)

2. The predictive value of a negative test result TN

TN + FN
= specificity x (100% - prevalence)

specificity x (100%-prevalence) + (100%-sensitivity) x prevalence

TP = true positive, FP = false positive, FN = false negative, TN = true negative.
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Figure 2. Relationships between sensitivity and specificity
and predictive values for physical examination and mam-
mography of palpable abnormalities in the breast. PV+ =

predictive value ofsuspect findings. PV- = predictive value
of non-suspect findings.

Meaning of complaints and symptoms
It is not only test results that have a predictive value but also
symptoms and complaints. In this context they are a form of
'test'. In the first example the prevalence of breast cancer in a

population of women with palpable abnormalities was discussed.
The predictive value of a palpable abnormality for breast cancer
can also be considered. This value will also be five per cent, pro-
viding a second test has not been used to differentiate between
suspect and non-suspect abnormalities. The implications of this
for the diagnostic interpretation of complaints and symptoms
will be discussed by means of examples.

Acute appendicitis and pain in the lower abdomen
From morbidity data it can be concluded that acute appendicitis
presents between four and five times a year on average in a prac-
tice of 2500 patients.8-'0 Clinical investigation shows that
approximately 75 per cent of patients with acute appendicitis
have a pain in the right lower abdomen." Therefore, the
sensitivity of this symptom is 75 per cent with regard to appen-
dicitis. It can also be estimated, on the basis of general mor-
bidity recording, that in a practice of 2500 patients approximately
40 persons per year report to their doctor with a pain in the right
lower abdomen. The positive predictive value of the complaint

can be calculated - three out of four persons with appendicitis
(75 per cent) have a pain in the right lower abdomen, but a total
of 40 persons report this complaint. Therefore, the positive
predictive value of right lower abdomen pain for appendicitis
is 3/40 = 7.5 per cent. Therefore, by itself, pain in the right
lower abdomen seems to be of moderate value in predicting the
presence of appendicitis.

Lump in the neck
Another example illustrates the way in which the different
populations visiting specialists and general practitioners may
result in the two types of doctor arriving at a different predic-
tive value for the same symptom.
A female patient attends the doctor with a lump in the neck

that has been present for a few weeks. It is sensitive to pressure,
is smooth and has a cross-section of 0.5 cm. This clinical picture
has a different meaning to a general practitioner and an
oncologist. On the basis of exactly the same findings, the general
practitioner predicts an inflamed lymphatic gland and adopts
a waiting attitude whereas the oncologist wants to exclude
primary malignancy or metastasis by means of further investiga-
tion. When teaching, it would be expected that these two types
of doctors would differ widely in their recommendations.

Haemoglobin and 'anaemic complaints'
Research in the general population'2 and in general practice'3
has not shown a clear relationship between classical 'anaemic
complaints' and a low level of haemoglobin. General practi-
tioners, however, learn at medical school that anaemia causes
certain complaints. Therefore it is more likely that they measure
the haemoglobin levels of patients with these complaints than
of patients with complaints not supposedly related to anaemia.
The probability of finding a low haemoglobin level by accident
is higher in persons with 'anaemic complaints' than in persons
with other complaints. If the general practitioner refers people
with low haemoglobin levels, for which there is no explanation,
to a specialist for further examination, the latter will see com-
paratively more patients with a low haemoglobin level who have
'anaemic complaints' The sensitivity of 'anaemic complaints'
to low haemoglobin levels can then be relatively high, and even
if there is no relationship between them, the specialist will be
confirmed in his view that these factors are related. This type
of selection bias in the association of complaints and described
diseases may be widespread.

Cut-off points between 'normal' and 'abnormal' results

Where the line is drawn between a normal and an abnormal
result is seldom objective. In general it is the result of an arbitrary
decision based on a consensus of opinions. Examples are: the
lower limit of haemoglobin levels, the upper limit of blood
pressure, liver function tests or blood sugar levels, the level of
the S-T segment in an exertion electrocardiogram and the
acceptable number of mitoses in cytological examination.
Sensitivity and specificity depend on the choice of cut-off point.
This is shown in Figure 3a, which shows haematocrit readings
for Swedish women with and without iron deficiency; Garby
could make this distinction from the response to the administra-
tion of iron of a sample of women taken from the general
population.'4 It can be seen that if the haematocrit cut-off
point is raised (that is, made less stringent) more iron-deficiency
anaemia patients will be found. At the same time, however, there
will be more false-positive results sensitivity increases, but
specificity decreases. If the cut-off point is lowered, the opposite
will occur. In other words, the more stringent the cut-off point
chosen for a certain population, the more the predictive value
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of an abnormal result increases. In the case of a less stringent
cut-off point, the predictive value of an abnormal result
decreases.
What is the optimal cut-off point for a test? This question

cannot easily be answered. The answer depends on the subjec-
tive values attached to false-positive and false-negative results.
If the consequences of a false-negative result are considered to
be more serious than those of a false-positive result, emphasis
will be placed on a test with high sensitivity. If, on the other
hand, the consequences of a false-positive result are considered
to be the more serious, a more specific test is needed. At pre-
sent, the consequences of a false-negative result are considered
to be more serious than those of a false-positive result, and
general practitioners tend to choose less stringent cut-off points.
These decisions lead to a large number of false positives which
could possibly result in iatrogenic illness.
The choice of an optimal cut-off point also depends on the

prevalence of the disease under study.'5 This is shown in Figure
3b. In this instance the population represents a larger number
of women suffering from iron-deficiency anaemia than in Figure
3a. Therefore, more false-negative results are to be expected with
the same cut-off point. In order to reduce the number of false
negatives, a less stringent cut-off point must be chosen. For this
reason, it cannot be assumed that the same cut-off point is
appropriate for specialists and general practitioners. Figure 3a
shows that it is also possible to interpret test results without using
single cut-off points. For every haematocrit reading, the
probability of iron deficiency is the quotient of the height of
the curve for iron deficiency over the sum of the heights of both
curves for that haematocrit value. In the example shown this
probability for the haematocrit readings 31 (and lower), 33, 36,
39 and 41 (and higher) is 100, 80, 59, 9 and 0 per cent, respec-
tively. Even these probabilities, however, are not independent of
prevalence.

The severity of the clinical picture

One of the most important differences in the morbidity patterns
observed by the general practitioner and the specialist is the
extent to which the clinical picture of any disease has developed.
In general, symptoms will be less well-differentiated when
observed by the general practitioner than in the later phase after
referral to the specialist. In general practice sick persons are not
as easily distinguished from healthy persons and the discrimina-
tion of test methods is much lower than in the later phase after
referral to the specialist. Sensitivity - and if choosing the right
cut-off point, specificity also - is easier for the specialist to
achieve.
One can see that in a population with more serious cases of

iron-deficiency anaemia, the distribution of haematocrit values
for iron deficiency moves to the left (Figure 3c), that is, to lower
haematocrit levels. The discrimination of the haematocrit reading
in detecting iron deficiency increases. It could be said that the
discrimination of a temperature recording is nil in the first phase
of acute appendicitis, and that this is also true of liver function
tests in the early stages of moderate hepatitis. Similarly, with
breast cancer - the specialist examines larger tumours than the
general practitioner, and these tumours are more easily palpable.
In summary - in general practice sick people need to be
distinguished from healthy people and in hospital healthy peo-
ple need to be distinguished from sick people. That the validity
of tests and the interpretation of symptoms should be directly
related to the populations consulting and to the degree of clinical
differentiation of the disease at the time of reporting has only
recently received attention in the literature. 16-18 This has
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Figure 3. The relationship between cut-off point and sen-
sitivity and specificity for haematocrit readings. (a) Change
in sensitivity and specificity when altering the cut-off point.
(b) In case of higher prevalence there are more false-negative
and less false-positive results at the same cut-off point. (c)
If the iron deficiency is more serious and the distribution
among healthy people remains unchanged the discrimina-
tion increases. TP = true positive, TN = true negative, FP
= false positive, FN = false negative.

important implications for general practice, as only a few inter-
pretations of this kind have been verified in general practice.

Conclusion
It is concluded that the general practitioner and specialist must
learn to deal with widely different patterns of predictive values
of complaints, symptoms and test results. Since teaching in
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medical school is to a great extent based on hospital experience,
the specialist has generally learned the working methods rele-
vant to his situation from the beginning of his professional
education. The general practitioner, however, has to build up
a great deal of relevant knowledge later on.
Although we should learn from one another, it may be harm-

ful to transplant experience, knowledge and standards from one
situation to another. For general practice it is necessary to under-
stand the unexplored field of diagnostics. In doing so, atten-
tion should be given to the predictive values of complaints,
symptoms and test results, to the extent to which test results are
accepted as normal, to the finding and improving of diagnostic
instruments of particular importance to general practice, and
to the correction of self-confirming clinical distortions of the
interrelation between symptoms and diseases.
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