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Abstract Existing methods used to rank the value of indi-
vidual screening markers in screening programmes are inad-
equate. We have developed a simple Screening Marker Index:
(Screening Marker Index = Positive Predictive Value x
Sensitivity). The Screening Marker Index proved to be supe-
rior to existing indices in ranking screening markers according
to their ability to identify the conditions sought.

Keywords Screening - Sensitivity - Specificity
Abbrevations
COPD Chronic obstructive pulmonary disease

NNS Number needed to screen
PPV Positive predictive value
SMI Screening marker index

YI Youden index

PLR Positive likelihood ratio
NLR  Negative likelihood ratio
ROC Receiver operating characteristics
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Screening for diseases has become increasingly common at
all levels of modern health care [1, 2]. The tendency to
screen has increased due to advances in the quality and
numbers of available treatments, combined with more
accurate diagnostic tools [3].

Under the right circumstances screening can detect
disease before it becomes severe and thereby decrease
mortality and improve health [4-6]. However, screening
should be used with caution to avoid unnecessary diag-
nostic testing, false positive diagnoses and waste of health
care resources [2]. To ensure that screening initiatives are
justified from ethical and pragmatic points of view the
WHO has defined a set of criteria to be fulfilled prior to the
initiation of a screening programme. These criteria are
based on the theories of Wilson and Jungner [7]. A selec-
tion of the WHO-criteria are listed below [3]:

e The condition sought should be an important health
problem.

e There should be an accepted treatment for patients with
recognized disease.

e There should be a suitable test or examination.

e The test should be acceptable to the population.

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

As a consequence of the latter criteria, case-finding has
to be efficient in order to minimize costs in the health care
system. Efficiency in case-finding is often described by the
“number needed to screen” (NNS) [8, 9]. The NNS is
defined as the “the number of people that need to be
screened for a given duration to prevent one death or
adverse event”[10]. The adverse event can be interpreted
differently according to the setting of the screening
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Table 1 The confusion matrix

Disease—actual value

Present (D)

Absent (D)

Marker—predicted outcome

programme. For instance the NNS can be defined as the

Present (M) a (True positives) c (False positives) a+c
Absent (M) b (False negatives) d (True negatives) b+d
a+b c+d N=a+b+c+d
a e .
P(M|D) = = sensitivity
a+b

average number of people that would need to be screened
to detect one case of a particular disease.

In the planning of screening initiatives it is essential to
assess which markers that are correlated with the condition
sought [3]. The extent of this correlation is embodied in the
NNS, which expresses the inverse of the positive predictive
value (PPV) for a marker and hence should be as low as
possible. However, a low NNS does not necessarily ensure
that a marker has practical value in a screening programme.
If the combined presence of the marker and the condition
sought is very rare, a low NNS has no practical signifi-
cance. Screening in the presence of such a marker would
detect very few cases. In other words, two markers with
identical NNS do not necessarily represent the same value
in a screening programme. The exact same problem arises
using the Youden index (YI) [11] and the positive-/nega-
tive likelihood ratios (PLR/NLR), other measures com-
monly used to describe the efficiency of diagnostic tools.

Another method to evaluate a screening marker is by
making a graphical plot of the sensitivity versus 1-speci-
ficity in a coordinate system which defines the receiver
operating characteristic (ROC). Like the indices mentioned
above, the ROC is also related to cost/benefit analysis of
diagnostic decision making. Since the ROC is also based
on sensitivity/specificity it possesses the same weaknesses
as the YI, the PLR and the NLR when it comes to the
hierarchical ranking of screening markers. This is illus-
trated by the example given below.

In conclusion, existing indices seem inadequate in the
comparison of individual screening markers.

In order to facilitate comparison of the value of various
screening markers in potential/existing screening programmes
we have developed a simple Screening-Marker Index (SMI).
The Screening-Marker Index is defined as follows:

SMI = P(M|D) x P(D|M) = sensitivity x PPV
The elements in the equation above are explained by the

following 2 x 2 table (Table 1), also known as the
confusion matrix. It follows that:

P(D) = = prevalence

@ Springer

d e
P(—~M|-D) = P i specificity

P(DIM) = L positive predictive value (PPV)
a+tc
Here “—” denotes negation, in the sense that “—~D” means:
“disease absent”.The NNS is the inverse of the PPV, i.e.
NNS = 1/PPV.
The YI represents the marker’s “success” in predicting
disease among the diseased and vice versa for subjects
where disease is absent:

YI—l a b n d o
"2\ \a+b a+b c+d c+d

It is straight forward to show that this index can be
calculated as:

YI = sensitivity + specificity — 1

We note that this index weighs sensitivity and specificity
equally. Usually YI is used only under the assumption
that the proportion of true positives (sensitivity) is greater
than the proportion of false positives (1-specificity). If
this is not the case, then YI becomes negative; and to cite
Youden: “Such a test is obviously worthless”[11]. How-
ever, in the present setting, we are also interested in
ranking markers with low sensitivity and specificity, with
negative YI-values as a consequence. The range for the
YI is therefore (—1 to 1) whereas the range for SMI,
being a product of two probabilities, is (0 to 1). Note also,
that the SMI (like YI) is one for the “ideal” marker
where both b and c is zero.

Likelihood ratios indicate how much a particular test-
result should shift the suspicion towards the presence or
absense of disease. The ratios can also be used to describe
the value of a screening marker. In that setting the PLR
indicates how much the suspicion of disease should be
increased if the screening marker is present. Conversely,
the NLR indicates how much the suspicion of disease
should be decreased if the marker is absent. The PLR and
NLR are defined as follows:
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PLR — sensiti?/i'ty.
(1 — specificity)
NLR — 1 — sensitivity

specificity

The PLR and the NLR range from zero to infinite. The
ideal screening marker has a high PLR and a low NLR.

To visualize and compare the performance of each index
we considered three fictional diseases with prevalences of 1,
10 and 20% in a population of 1,000 individuals. We then
calculated the NNS, YI and SMI for all possible combina-
tions of specificity and sensitivity between zero and one. The
result is shown in the contour plots below (Fig. 1).

We note that the NNS favours markers with high sen-
sitivity, the YI weights sensitivity and specificity equally
whereas the SMI favours markers with high sensitivity
without neglecting the importance of high specificity.

The following example demonstrates the practical dif-
ferences between the markers;

The British National Institute of Clinical Excellence
(NICE) has proposed screening for depression in primary

Fig. 1 Contour plots showing
the values of NNS, YI and SMI S 5
for screening markers using
combinations of sensitivity and
specificity between O and 1. The
three indices are displayed for
three diseases with prevalence
of 1% (left), 10% (middle) and
20% (right). Grayscale colours
have been added to facilitate

1% prevalence

SMI

Sensitivity

care and general hospital settings in high-risk groups [12].
Both chronic obstructive pulmonary disease (COPD) and
heart disease are associated with the presence of depression
[13, 14]. The Danish National Board of Health has con-
cretized the NICE recommendations proposing COPD and
heart disease as screening markers for depression in the
primary care setting (along with other diseases) [15]. We
now wish to determine whether COPD or heart disease is
the better screening marker for depression.

Let’s consider 1,000 (fictional) individuals, of which
200 suffer from depression, 100 has heart disease, 20 has
both heart disease and depression, 250 have COPD and 50
have both COPD and depression. It follows that:

Heart Disease:

NNS =100/20=5 YI=0.10+090-1=0
SMI = 0.10 x 0.2 = 0.02

PLR = 0.10/(1 —0.90) =1 NLR = (1 —0.10)/0.9 = 1

10% prevalence

20% prevalence

1.0

07
“"‘-.Q,

0.6
1

Sensitivity
Sensitivity

100°0
1000

visual interpretation with the LT DI A '
scale ranging from white (bad ’
marker) to dark gray (good
marker)

Specificity

YI

Sensitivity

0.6
Specificity

0.6

NNS
Sensitivity

Specificity

Sensitivity
Sensitivity

0.6
Specificity

0.6
Specificity

1.0

Sensitivity
Sensitivity

0.6
Specificity

0.2

0.6
Specificity

1.0
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COPD:

NNS =250/50=5 YI=02540.75—-1=0
SMI = 0.25 x 0.2 = 0.05
PLR =0.25/(1 —0.75) =1 NLR = (1-10.25)/0.75=1
The ROC for the two examples are not depicted, but the
coordinates have the same distance to the straight line
through (0,0 and 1,1) indicating equal value as diagnostic
marker.

This demonstrates how the existing indices are insensi-
tive to the fact, that screening for depression among people
with COPD would detect 2.5 as many cases of depression,
than sceening in the presence of heart disease. The SMI is
sensitive to this difference.

We have shown that existing indices used to compare
the value of individual screening markers in screening
programmes posess some inherent weaknesses. Our simple
SMI circumvent these problems to a large extent.

As demonstrated by the contour plots in Fig. 1, identical
SMI values can occur with very different combinations of
sensitivity and specificity. However, as outlined in the
example on depression-screening, this problem has no
consequences in clinically relevant situations.

In practical terms the SMI can be used to select which
markers that should elicit screening and thereby Contribue
to sensitive diagnosis of various diseases. This is in
accordance with the WHO guidelines on screening [3].
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