Figure 1 — Purpose of a Test
Value of a Diaghostic Test

Change from pre-test to post-test probabilities

The goal of the diagnostic process is to determine if
a person has or does not have a specified disease.

Pre-test probability of being diseased. A single test may serve this purpose, but often it
1 only contributes information to this process by
changing the probability of the disease being
TEST present. Either positive or negative test results can
1 facilitate the diagnostic process.

Post-test probability of being diseased.
Figure 2 — Possible outcomes of a test

A ‘gold’ standard is used to determine if the disease
Quicome Disease |Test Result is present or absent and it is assumed to be a 100%
reliable and valid. In cases in which the gold
True_l:;a kive Present Poskive standard is not 100% reliable it may be referred to
as a “silver” or “bronze standard” to reflect its
True Negetive Abeent Negative inaccuracy. The results of a specific diagnostic test
N can then be compared to those of the gold standard
Falee Poaltive Abeent Poekive resulting in correct (true) and incorrect (false)
FP findings. (Note this is a simplification in which all
Fales Negative Present Negative results are either positive or negative.)
FN

Figure 3 — Testing a test

Gold Standard .
A new test can be evaluated to determine if it

Disease | Disease produces the same results of a gold standard. A
Present Absent sample of people is selected and then have both the
gold standard and the new test being assessed
New Test + TP FP administered and the results are compared.
New Test - FN TN _
Figure 4 — Example
The VDRL, a test for syphilis, is being compared to
the gold standard for diagnosing this disease. As
Syphils | Syphlls :
. . _ total determined by the gold standard, 1,000 (9% of the
o ES 11,000 studied)) actually have the disease and
VDRL + 10,000 (91%) don’t. Within those with syphilis, the
OOUFN T:.OOO 1,800 VDRL test correctly classified 800 (80% true

VDRL - positives) and misclassified 200 (20% false
200 | 9,000 | 9,200 negatives). Within those who don’t have syphilis,
9,000 were correctly classified (90% true negatives)
tolal
1,000 | 10,000| 11,000 and 1,000 were misclassified (10% false positives.)

Prevaloncam= diseasad (P +FN) 1,000 091
popsigion  (IP+ BN +HP +IN) 11,000
ity TP 80 _ o Figure 5 — Sensitivity
All_Cases  (800+200) Sensitivity is the proportion of people with the
Syphilo | Sypils disease tha't a test correctly cIas;ifies as having Fhe
+ - total disease. ltis the rate of true positives and for this
. 63 example itis .80 or 80%. Once sensitivity is known,
VORL*| so0 | 1,000 | 1,800 the rate of false negatives is 1-sensitivitiy (1-.80 =
VDRL- Fi M .20 or 20%). High sensitivity is needed when you
200 | 9000 | 9,200 want to be sure you have identified everyone with
total 1,000 | 10,000| 11,000 the disease.
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. N 5,000 Figure 6 — Specificit
Specificity = All_Healthy (9,000+1,000) J P Y
Specificity is the proportion of people without the
Syphllle | Syphile disease that a test correctly classifies as not having
+ S iotal the disease (i.e. healthy people classified as being
+ healthy). Itis the rate of true negatives and for this
vor mm T:'m 1,800 example itis .90 or 90%. Once specificity is known,
VORL-| 299 | 9,000 | 9,200 the rate of fglse positives is 1-specificity (1-.90 = .10
or 10%). High specificity is needed when you want
wial 1,000 (10,000 11,000 to be sure the person doesn't have the disease.
Brerse D e Figure 7 — Diagnostic Threshold
P Absent Present N\
~ / A cut-point, value, is often set to determine when a
test’s results will be categorized as “positive” or
“negative”. This threshold is sometimes under
Normals debate as with Prostate Specific Antigen (PSA).
Depending on its value, the rates of TP, TN, FP and
i ™ FN will change and therefore the sensitivity and
£ :}\.\ specificity will change. In the example in the figure,
% if the diagnostic threshold is decreased such as has
. | TP been recommended for PSA (the threshold moves to
the left), then the rate of TN decreases, FP
Diseased increases, FN decreases and TP increases. The
reverse would happen with an increased threshold.
C
Figure 8 — Positive Predictive Value
Ir 800
PPV = = =44
All _ positives  (800+1,000) The purpose of a test is to modify a pre-test
— — probability of disease to a hew post-test probability.
s":_"h"" Syphilis otal A PPV represents the probability of the disease
= . being present assuming a positive test result is
VDRL+| gao | 1.000 | 1.800 obtained. It is. t.he numper pf true positives divided
=~ TN' ! by a_ll! test positives (which includes the false -
VDRL-| 200 | 9.000 | 9.200 positives.) In this example, a pre-test probability of
! ¥ syphilis of .09 increased to .44 with a positive VDRL
total| 1,000 | 10,000 11,000 result. Syphilis is about 5 times more likely in this
person after obtaining a positive test result.
NPV TN 9,000 Figure 9 — Negative Predictive Value
All _negatives {9,000+ 200) ) . ,
A NPV represents the probability of not having the
Syphilia | Syphille disease assuming a negative test result is obtained.
+ - total It is the number of true negatives divided by all test
VDRL + L Lo negatives (which includes the false negatives.) In
800 ( 1,000 | 1,800 this example, a pre-test probability of not having
VDRL - AN T™N Syphilis was .91 (.09 have it) and it increased to .98
200 | 9,000 | 9,200 leaving only a .02 probability of having the disease.
Another way to look at this is the probability of
totall 1,000 (10,000 11,000 having the disease dropped from .09 to .02 or by
over %a.
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Disease Disease
Abaenl
L hEn Present N
N s
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E . ™ :P\
3 1
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Diseased FN ™
[ Prevalence = : 5000
Diseased Hormal
50,000 50,000
[Test 1 Sensitivity = B8 ] [ Test1: Specificity = 95
Ttue Positives] False Megatives| [True Megatives False Positives
42,500 7,500 47 500 2500
PP = TP/Taotal Positives = 0.9444
MNP = TN/ Total Megatives = 0.5636

‘ Size of Population

[ Prevalence

Diseased
5,000

[Test 1: Sensitivity = DB

True Positives
4,280

Normal
95,000

Specificity =8

& 1
False Positives
4 7a0

False Megatives| |True Megatives

750 90,250
PPY = TR/Total Positives = 0.4722
MNP = T/ Total Negatives = 0.9915

[ Prevalence =

Diseased
1,000

Normal
08,000

[Test 1: Sensitivity =3 1 [ Test1: Specificity = G705

False Megatives
150

True Megatives
84 050

False Positives
4,950

True Fositives)
g50

PP = TR/Total Positives = 0.1466
NP = TN/Total Negatives = 0.9934
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Figure 10 — Effect of Prevalence

If the proportion of the population who have the
disease (prevalence) increases, the number of
people with TP and FN test results will increase (but
not the ratio between them.). Even though there is
no change in the sensitivity and specificity of the
test, this will result in an increase in PPV and a
decrease in NPV. Therefore, the prevalence in the
groups being tested actually change how useful the
test may be.

Figures 11-13 - Prevalence Changes

In this example a hypothetical population of 100,000
people is tested. In the first figure the prevalence is
assumed to be .50 (i.e. half the population has the
disease and half doesn’t.) That means 50,000 have
it and 50,000 don’t. In the next two slides the
prevalence is changed to .05 (5,000 with the disease
and 95,000 without) and .01 (1,000 with the disease
and 99,000 without.)

Assuming a diagnostic test with a sensitivity of .85,
the true positive counts are 42,500, 4,250, and 850
respectively for these three different prevalence
rates. (Remember that sensitivity is the proportion of
those who have the disease that are correctly
identified as having the disease.) The resulting false
negative counts are 7,500, 750, and 150.

Assuming a specificity of .95 then the true negative
counts are 47,500, 90,250, and 94,050 respectively.
(Remember that specificity is the proportion of those
without disease who are correctly classified as not
having the disease.) The corresponding false
positives counts are 2,500, 4,750, and 4,950.

Therefore the PPVs, TP/(TP + FP), are .94, .47, and
.14 . The PPV is higher for diseases with higher
prevalence and lower for diseases with low
prevalence.) The NPVs, TN/(TN + FN) are .86,
.992, and .998 demonstrating a lower NPV with high
prevalence and a higher NPV with lower prevalence.
Did you notice that NPV doesn’t change as much as
PPV? That is because in most situations the
prevalence is small (i.e. most people who are beign
tested don’t have the disease.)
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H - Healthy E - Exposed

A - Asymptomatic S - Symptomatic

R - Resolution: cure, death, remission
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Figure 14 —Definition of Screening

A diagnostic process in which an apparent healthy
population is tested in order to detect the presence
of disease in its asymptomatic phase in order to
begin an early intervention that will benefit the
individual or the community.

Since screening tests attempt to detect disease
when it is in the asymptomatic phase, the longer this
phase is, the more successful is the screening
program.

Figure 15 — Characteristics of a Good
Screening Test

1. Disease is worth the effort

2. Intervention is worth giving

3. Testis effective in correctly identifying those
with and without the disease

4. Testis applicable and acceptable
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